


Vascular Surgery 
Edited by 

G. Heberer and R.J.A.M. van Dongen 

With the Assistence of 

K.W. Jauch and H. Stiegler 

Foreword by 

D.C. Sabiston 

With Contributions by 
KAigner, KBalzer, M.G.M.H.Barwegen, RG.H.Baumeister 
H.M.Becker, D.P.vanBergeHenegouwen, RG.M.Biemans, E.Biemer 
U. Brunner, G. Carstensen, H. Denck, H. Denecke, RlA.M. van Dongen 
F. W. Eigler, F. Franke, F.P. Gall, KH. Ganger, R Giessler, 1 Greebe 
lD. Gruss, B. Gunther, G. W. Hagmilller, H. Hamann, R Haring 
G. Heoerer, H. Hess, A. Himer, A. vonHochstetter, F. Husemann 
H.Ingrisch, H.D. Jakubowski, K W. Jauch, W. Klinner, H. Kortmann 
H. Kuppe, KL. Lauterjung, H. Loeprecht, E. Martin, R May 
H.M. Mehdorn, H. Muller-Wiefel, L. Nieuborg, F. Piza, E. Pratschke 
D. Raithel, B. Reichart, H. Rieger, D. Ruhland, M. Schemper 
F.W. Schildberg, W. Schoop, K Schwemmle, E.-D. Schwilden, A. Senn 
W.-l Stelter, H. Stiegler, L. Sunder-Plassmann, O. Thetter, H.H. Thiele 
M. Trede, A. Valesky, E.-U. Voss, O. Wagner, A.Zehle 

With 660 Figures, Mostly in Color in 1457 Separate illustrations 

Springer-Verlag Berlin Heidelberg New York 
London Paris Tokyo Hong Kong 



Professor Dr. G. HEBERER 

Klinikum Grosshadern, Chirurgische Klinik 
und Poliklinik der Universitat Miinchen 
Marchioninistr. 15, D-8000 Miinchen 70 

Professor Dr. R.J.A.M. VAN DONGEN 

Academisch Ziekenhuis bij de Universiteit van Amsterdam 
Academisch Medisch Centrum, Vaatchirurgie 
Meibergdreef9, 1105 AZ Amsterdam Zuidoost 
The Netherlands 

Title of the German Edition: GefaBchirurgie 
(Volume XI of Kirschnersche allgemeine und spezielle Operationslehre, 
edited by G. Heberer and R.J.A.M. van Dongen) 
© Springer-Verlag Berlin Heidelberg 1987 

ISBN-13:978-3-642-72944-7 
DOl: 10.1007/978-3-642-72942-3 

e-ISBN-13:978-3-642-72942-3 

© Springer-Verlag Berlin Heidelberg 1989 
Softcover reprint of the hardcover 1 st edition 1989 

Library of Congress Cataloging-in-Publication Data. Gefasschirurgie. English. Vascular surgery. "Translated 
from Kirschnersche allgemeine und spezielle Operationslehre, Band XI: Gefiisschirurgie" - T.p. verso. 
Includes bibliographies and index. 1. Blood-vessels - Surgery. I. Heberer, G. (Georg), 1920-- . II. Dongen, 
R.J.A.M. van (Reinier Johannes Antonius Maria) III. Aigner, K. (Karl), 1947- . IV. Title. [DNLM: 
1. Vascular Surgery. WG 170 G2987j RD598.5.G4413 1989 617.4'13 89-11274 ISBN-13:978 
-3-642-72944-7(U.S.: alk. paper) 

This work is subject to copyright. All rights are reserved, whether the whole or part of the material is 
concerned, specifically the rights of translation, reprinting, re-use of illustrations, recitation, broadcasting, 
reproduction on microfilms or in other ways, and storage in data banks. Duplication of this pUblication 
or parts thereof is only permitted uiJder the provisions of the German Copyright Law of September 9, 
1965, in its version of June 24, 1985, and a copyright fee must always be paid. Violations fall under 
the prosecution act of the German Copyright Law. 

The use of registered names, trademarks, etc. in this publication does not imply, even in the absence 
of a specific statement, that such names are exempt from the relevant protective laws and regulations 
and therefore free for general use. 

Product liability: The publisher can give no guarantee for information about drug dosage and application 
thereof contained in this book. In every individual case the respective user must check its accuracy by 
consulting other pharmaceutical literature. 

Illustrations: I. Daxwanger, K. Finch, C. Hengerer, R. Henkel, H. Konopatzki, J. Kiihn, J. Pupp, A.A. van 
Horssen, B. Zimmermann 

Reproduction of the Figures: Graphische Kunstanstalt G. Dreher, Stuttgart 

2122/3130-543210 - Printed on acid-free paper 



List of Contributors 

AIGNER, K., Priv.-Doz. Dr., Chirurgische Abteilung des Kreiskrankenhauses, 
Siegertshohe 1, D-8223 Trostberg 

BALZER, K., Dr., Evangelisches Krankenhaus, Chirurgische Klinik:, Tei
nerstr. 62, D-4330 Mulheim/Ruhr 

BARWEGEN, M.G.M.H., Dr., Sint Maartens Gasthuis, Tegelseweg 210,5912 BL 
Venlo, The Netherlands 

BAUMEISTER, R.G.H., Prof. Dr., Klinikum Grosshadern, Chirurgische Klinik 
und Poliklinik: der Universitiit, Marchioninistr. 15, D-8000 Munchen 70 

BECKER, H.M., Prof. Dr., Gefasschirurgische Abteilung des Stiidtischen Kran
kenhauses Munchen-Neuperlach, Oskar-Maria-Graf-Ring 51, D-8000 Mun
chen 83 

VAN BERGE HENEGOUWEN, D.P., Dr., St. Elisabeth-Ziekenhuis, Hilvarenbeekse
weg 60, 5000 LC Tilburg, The Netherlands 

BmMANs, R.G.M., Dr., Zilverstraat 12, B-2120 Schoten 
BmMER, E., Prof. Dr., Klinikum rechts der Isar der Technischen Universitiit, 

Abteilung fUr Plastische Chirurgie, Ismaninger Str. 22, D-8000 M unchen 80 
BRUNNER, U. Prof. Dr., Departement Chirurgie, Klinik fUr Herzgefasschirurgie, 

Riimistr. 100, CH-8091 Zurich 
CARSTENSEN, G., Prof. Dr., Evangelisches Krankenhaus, Chirurgische Klinik, 

Teinerstr. 62, D-4330 Mulheim/Ruhr 
DENCK, H., Prof. Dr., Krankenhaus der Stadt Wien-Lainz, I. Chirurgische 

Abteilung, Wolkersbergenstr. 1, A-1130 Wien . 
DENECKE, H., Prof. Dr., Klinikum Grosshadern, Chirurgische Klinik und Poli

klinik der Universitiit, Marchioninistr. 15, D-8000 Munchen 70 
VAN DONGEN, R.J.A.M., Prof. Dr., Academisch Ziekenhuis bij de Universiteit 

van Amsterdam, Academisch Medisch Centrum, Vaatchirurgie, Meiberg
dreef 9, 1105 AZ Amsterdam Zuidoost, The Netherlands 

EIGLER, F.W., Prof. Dr., Klinikum der Gesamthochschule, Chirurgische Klinik 
und Poliklinik der Universitiit, Abteilung fUr Allgemeine Chirurgie, Hufe
landstr. 55, D-4300 Essen 1 

FRANKE, F., Prof. Dr., Waldkrankenhaus St. Marien, Chirurgische Klinik, 
Rathsberger Str. 57, D-8520 Erlangen 

GALL, F.P., Prof. Dr., Chirurgische Universitiitsklinik, Maximiliansplatz 1, 
D-8520 Erlangen 

GANGER, K.H., Dr., t, CH-Bern 
GmssLER, R., Dr., Aggertalklinik, Chirurgische Abteilung, Klinik fUr Gefasser

krankungen, D-5250- Engelskirchen 
GREEBE, J., Dr., Majella Ziekenhuis, Nieuwe Hilversumseweg 20, 1406 TE 

Bussum, The Netherlands 
GRUSS, J.D., Prof. Dr., Kurhessisches Diakonissenhaus, Gefasschirurgische 

Abteilung, Goethestr. 85, D-3500 Kassel 
GUNTIIER, B., Prof. Dr., Stiidtisches Krankenhaus Munchen-Neuperlach, 

1. Chirurgische Abteilung, Oskar-Maria-Graf-Ring 51, D-8000 Munchen 83 



Foreword 

In view of the extraordinary advances which have been made in the field of 
vascular surgery during the past 30 years, this English translation of Professors 
HEBERER and VAN DONGEN is a monumental achievement. In this unusually 
thorough, yet concise and superbly written monograph, the authors have 
brought the state of the art in this field to a new standard of excellence. In 
achieving this important task, they have sought the most outstanding vascular 
surgeons in Germany, the Netherlands, Austria, and Switzerland as contributors. 

Quite appropriately, this remarkable text begins with a review of the pioneers 
in vascular surgery whose contributions later proved to be fundamental to both 
the initiation and development of vascular surgery. The contributions of CARREL 
and GUTHRIE in perfecting the technique of vascular anastomosis, and the work 
of LERICHE in developing clinical arterial surgery are engagingly reviewed. 
Appropriate attention is also given the fundamental contributions of GOYANES 
in his first successful use of the saphenous vein graft to restore circulatory 
continuity following resection of a popliteal aneurysm in 1906. Well deserved 
praise is given another pioneer whose contributions are seldom given the credit 
which they deserve, specifically those of JEGER, whose monograph published 
in 1913 entitled "Die Chirurgie der Blutgef4fJe und des Herzens" is one of the 
most impressive and visionary documentaries ever written in vascular surgery. 

The editors next tum to an excellent chapter on anatomical aspects of vascular 
surgery. The illustrations in this chapter, as in all others in this text, are especially 
noteworthy for their clarity and the vivid impressions they make. Readers have 
come to regard this feature as a hallmark of Springer-Verlag publications. Fol
lowing are well described aCCQunts of the fundamentals of vascular hemodynam
ics and the general principles involved in the techniques of vascular surgery. 
In a very effective manner, the authors illustrate poor techniques often employed 
and contrast them with those which have been proven to be superior. This 
approach is particularly effective in emphasizing the importance of meticulous 
technique in determining the final clinical result. Very helpful, especially to 
young surgeons in training, are the sections on microsurgery and angiocardiog
raphy. The advances made during the past decade in percutaneous transluminal 
angioplasty are admirably described and convincingly illustrated with a summary 
of the current results obtained with this important technique. 

The various disorders of the vascular system amenable to surgical correction 
are systematically reviewed by recognized authorities in the field with carefully 
detailed descriptions of the indications for operation, preparation of the patient, 
diagnostic techniques, and operative approach in appropriate detail. The poten
tial complications of each of the procedures are presented as well as an updated 
discussion of modem management. 

In the closing words of the Preface, the editors state: "Let us hope that 
this manual, the product of more than 30 years of personal experience, will 
become a useful source of sound advice in the field of vascular surgery." This 
reviewer is convinced beyond doubt that this has been achieved in this praise-



x Foreword 

worthy text. It can be confidently predicted that this monograph will become 
a worldwide standard by which all other similar works will be compared, and 
it is regarded as an essential text for all surgeons who practice vascular surgery. 

DAVID C. SABISTON, Jr., M.D. 

James B. Duke Professor of Surgery 
and Chairman of the Department 
Duke University Medical Center 
Durham, North Carolina, USA 



Preface 

In recent decades surgical procedures for reconstruction of the aorta, arteries, 
veins, and lymph vessels have undergone extensive development. Advances were 
made possible through the improvement of instruments and suture material, 
through progress in biologic and synthetic grafts, and through developments 
in anesthesiology and surgical techniques as well. The initial result worldwide 
was the almost precipitate growth of the field of vascular surgery. For a time, 
opinions changed rapidly on fundamental matters such as operative procedures 
and techniques, choice of grafts for the various vascular areas, and clinical 
indications. Since that time, however, operative techniques have been standard
ized to a considerable degree, and a manual of vascular surgery therefore seems 
called for (exclusive of the coronary vessels, which are dealt with in the volume 
"Heart Surgery')' The present volume, the German edition of which is Volume 
11 of Kirschner's series of manuals, consists of contributions by the editors 
and their colleagues and by numerous experts on vascular surgery from Ger
many, The Netherlands, Austria, and Switzerland. 

In the General Section the preparation of the patient and indications for 
operation are discussed, as well as documentation and quality control. Surgical 
anatomy, instruments, and general operative techniques are clearly illustrated 
in comprehensive figures. Furthermore, general complications such as infection, 
bleeding, and reocclusion are outlined with particular emphasis on their preven
tion, early detection, and indication, as well as on the timing of reintervention. 

In the Special Section the operative treatment of diseases of the aorta and 
arteries of all body regions, as well as of veins and of lymph vessels are discussed, 
also indications, operative approaches, and operative procedures. The various 
steps of the operations are presented dynamically using clear multicolored 
sequences of figures. Microsurgical techniques and rare operative procedures 
are also taken into consideration. Alternative techniques of vascular surgery 
and angiology to overcome unexpected difficulties are also mentioned. 

We owe special thanks to our contributors for their much-appreciated colla
boration. The procedures of the various operative phases are explained by fig
ures and figure sequences, some of which cover an entire page. We are indebted 
to the artists, Mrs. I. DAXWANGER of Munich, Mr. J. KUHN and colleagues 
of Heidelberg, and Mr. A.A. VAN HORSEN of Amsterdam. We would also like 
to thank the staff of Springer-Verlag, especially Dr. H. GOTZE, Mr. W. BERG
STEDT, Mrs. I. LEGNER, and Mr. E. KIRCHNER, for the excellent preparation 
and appearance of the book. In addition, we would like to thank K.W. JAUCH, 
Munich, and H. STIEGLER, Munich, for their collaboration and their efforts 
in correcting the text. We are also indebted to Prof. Dr. H.H. LOHR, Hamburg, 
for preparing the index. 

Finally, we appreciate the translation into English by R. HATZ, Munich, 
R.K. TEICHMANN, Munich, and T. HAU, Wilhelmshaven, and thank Mr. 
W. POHL for the care he has taken in revising the text. We also thank Miss 
J. ESSLINGER and Miss C. DAEHNE for typing the manuscript. 



xn Preface 

Let us hope that this manual, the product of more than 30 years of personal 
experience, will become a useful source of sound advice in the field of vascular 
surgery. 

Munich and Amsterdam G. HEBERER 

R.J.A.M. VAN DONGEN 
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1 History of Vascular Surgery 

R.J.A.M. VAN DONGEN 
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A. Introduction 

Toward the end of the nineteenth century, experi
ments were performed in physiological and surgi
cal laboratories all over the world in search of 
new vascular suture techniques (EcK 1877, JASSIN
OWSKY 1889, HEIDENHEIM 1895, VILLAR and BRA
CHET 1895, MURPHY 1897, DORFLER 1899, JENSEN 
1903). Methods of vascular replacement were like
wise sought [17]. Most of these investigations were 

Fig. 1.1. ALEXIS CARREL (1873- 1944) 

Fig. 1.2. RENE LERICHE (1879-1955) 

carried out in Europe, where it was the French 
school which contributed most to the development 
of vascular surgery. Three men, all of them from 
Lyon, made decisive contributions: MATHIEU JA
BOULAY and his pupils, ALEXIS CARREL (Fig. 1.1) 
and RENE LERICHE (Fig. 1.2) [13]. JABOULAY was 
not as well known as the others, partly because 
his papers were published solely in the regional 
journal Lyon Medical, and partly because he died 
in a train accident at an early age. LERICHE made 
significant advances in the basic physiology and 
surgery of the sympathetic nervous system. CAR
REL was really the pioneer and founder of experi
mental vascular surgery [18, 21]. 

In 1890, CARREL was admitted to the medical 
school of Lyon. As a student he was already great
ly interested in the possibility of repairing blood 
vessels. This interest was precipitated by the assas
sination of the President of the French Republic, 
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MARIE FRANCOIS SADI CARNOT, by the Italian an
archist, SANTO CASERIO in 1894. The President un
derwent laparotomy immediately after the assault 
and injury of the portal vein was found. He bled 
to death because none of the surgeons was able 
to reconstruct the injured vessel. CARREL publicly 
discussed the inability of his teachers to repair a 
vascular injury and decided to devote himself to 
intensive research on the surgery of blood vessels. 
He had his first opportunity in the laboratory of 
SOULIER in Lyon where he worked together with 
MOREL. 

However, CARREL did not receive much recog
nition in Lyon. In May 1904 he emigrated to Can
ada (Montreal and Toronto) where he was given 
the opportunity to continue his experiments. Only 
a short time later, in 1905, he received an appoint
ment at the Hull Laboratory of Physiology at the 
University of Chicago, where he was able to con
tinue his research in productive cooperation with 
GUTHRIE. 

In August, 1906 GUTHRIE moved to St. Louis, 
where he worked at the Washington University, 
and CARREL changed to the Rockefeller Institute 
in New York; they kept in contact with each other 
through their common interest. 

From the beginning, they recognized that vas
cular sutures and vascular anastomoses can only 
be successful if they are done with the utmost pre
cision and care. In 1906, CARREL wrote the follow
ing which is still valid 80 years later: "The vessels 
must be handled very gently and the endothelium 
must be protected from drying by isotonic saline 
solution. The sutures must be impregnated and 
the vascular wall coated with vaseline. No danger
ous metallic forceps are used. Great care is exer
cised to obtain accurate and smooth approxima
tion of the endothelium of the vessels without in
vagination. Sutures should be made with very fine 
needles while the wall is somewhat stretched. Sten
osis or occlusion only occurs as a result of faulty 
technique" [3]. 

All kinds of arterial and venous reconstructions 
were developed and tried out in experiments, in
cluding free arterial and venous grafts. CARREL'S 
epoch-making work found recognition all over the 
world. In 1912 he received the Nobel Prize in Med
icine "in recognition of his work on vascular su
ture and the transplantation of blood vessels and 
organs. " 

R.J.A.M. van Dongen 

B. Homologous Vascular Replacement 

CARREL understood that the availability of autolo
gous grafts was limited and that they were not 
suited for the replacement of large arteries; there
fore, he showed great interest in homologous 
grafts and in the creation of an experimental blood 
vessel bank. 

The first clinical transplantation of a homolo
gous artery from one human to another was per
formed by PIROVANO in 1910 and published in the 
Presse Medicale in 1911. However, it was not a 
success. The method was discredited and forgotten 
for many decades. Not until 1949 did the homolo
gous transplant graft regain importance when Ro
BERT GROSS et al. successfully employed a homolo
gous graft to bridge an aortic defect between the 
left subclavian and the left pulmonary artery dur
ing surgery of an aortic coarctation and a Blalock
Taussig operation. These first successful implanta
tions led to the idea of preserving the arteries of 
persons who died in accidents and of storing them 
for clinical purposes in a blood vessel bank. 

Over the years, various methods of preservation 
have been recommended. CARREL (1908) and 
GROSS (1949) worked with vessels that had been 
stored in a liquid medium at 4° C. However, such 
vessels were only preservable for 4-6 weeks. EAST
COTT and HUFNAGEL and also CHARLES ROB [11] 
employed a method of deep freezing at - 20° C. 
These grafts could be preserved almost indefinite
ly. MARANGONI (1951), HEBERER and GIESSLER 
(1956), LINDNER (1955) and STAUDACHER (1974) 
recommended freeze-drying, and the method of 
lyophilization, which also preserved grafts indefi
nitely. In Tilburg MOEYS successfully preserved ar
teries of corpses in 4% formaldehyde and pub
lished his experimental results in Archivum Chir
urgicum Neerlandicum in 1954. 

RENE FONTAINE was enthusiastic about the pos
sibility of using homologous arteries for vascular 
replacement and founded the first vessel bank of 
Europe in 1951. 

Since 1950, homologous artery transplant 
grafts have been the method of choice for replac
ing blood vessels. Enormous advances in vascular 
surgery, especially at the aortoiliac level, were 
made possible by homeotransplant grafts. The first 
replacements of the aortic bifurcation were done 
using such grafts. 

In 1923 RENE LERICHE predicted, that "ideal 
treatment of thrombosis of the terminal aorta 
should consist of a resection of the occluded seg-



1 History of Vascular Surgery 

ment and reestablishment of arterial continuity by 
a graft," but he never performed this operation 
himself. LERICHE and his younger colleague RENE 
FONTAINE were convinced that an occluded vessel 
provokes a vasoconstrictive response of the collat
erals. Therefore they assumed that arterial resec
tion was the therapy of choice in arterial occlu
sions. An occluded aortic bifurcation was resected 
without replacement, followed by bilateral sympa
thectomy. LERICHE did not trust vascular grafts. 
At the beginning of the century he tried to replace 
two thrombosed arteries by grafts, but could not 
find the correct site for anastomosis. It will be 
recalled that arteriography did not exist at that 
time. Angiography was developed 20 years later 
by EGAZ MONIZ and RAYNALDO Dos SANTOS, both 
in Lisbon. 

In 1950, some 27 years after LERICHE had pre
dicted it, the first replacement of the aortic bifurca
tion was performed by JACQUES OUOOT. A pre
served bifurcation from an accident victim was 
transplanted. OUOOT was not only a good vascular 
surgeon, but also an enthusiastic mountain climber 
and automobile driver. In 1950 he participated in 
the first ascent of the Annapurna in Nepal which 
is over 8000 m high. His second hobby, driving, 
proved fatal: he died in a car accident in 1953 
at the age of 40. 

In 1951, the first resection of an aortic aneu
rysm with vascular replacement was performed by 
CHARLES DUBOST in Paris [19]. The infrarenal an
eurysm was exposed by means of a left-sided thor
acicoabdominal incision and resected. There was 
no aortic bifurcation graft available. Therefore, a 
3-week-old homologous graft of a thoracic aorta 
was implanted between the infrarenal aorta and 
the right common iliac artery. The occluded left 
common iliac artery was endarterectomized and 
connected to the graft. 

Until 1960, transplantation of homologous ar
teries was the method of choice for replacing dis
eased arterial segments. Unfortunately, the long
term results of homologous grafts were unsatisfac
tory. Progressive degenerative changes within 
these homologous grafts often led to reocclusion 
or caused serious complications, such as calcifica
tion, aneurysm formation, and rupture. 

Meanwhile, it was found that synthetic arterial 
grafts were clearly superior to homologous arterial 
transplants in their biologic qualities. The homolo
gous artery transplant was abandoned, and in 
large arteries alloplastic material, in small arteries 
autologous vein grafts were used instead. 
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More favorable results have been achieved in 
recent years using homologous vein grafts in the 
form of preserved umbilical veins. In 1973, HER
BERT DARDIK published his experiences using such 
vein grafts in baboons. Some years later (1976) 
[5], he reported on his first clinical results. DARDIK 
first used Ringer's lactate solution at a tempera
ture between 00 and 200 C to preserve these umbili
cal veins. However, they developed ectasias and 
aneurysms, inflammation, focal necroses and mi
croabscesses. Later, he used dialdehydes to fix and 
eliminate antigenicity from the veins and after that 
changed to glutaraldehyde with reinforcement of 
the vessels using a polyester net to prevent aneu
rysms. The prostheses were stored in a 50% ethyl 
alcohol solution. 

In contrast to Dardik's graft, the umbilical vein 
of Mindich is fixed by a different solution and 
has both umbilical arteries still present; the graft, 
furthermore, is not reinforced with alloplastic ma
terial. 

c. Heterologous Vascular Replacement 

Heterologous grafts have been employed much less 
frequently. The first experiments - also done by 
CARREL in 1906 [3] - using these heterologous arte
rial grafts seemed very promising at first. But it 
soon became apparent that the complication rate 
was very high. Attempts by SAUTOT (1952) and 
KIMOTO (1954) to overcome the species-specific 
characteristics of such animal vessels were disap
pointing. 

In 1956 NORMAN ROSENBERG et al. began to con
duct experiments with bovine arteries treated with 
the proteolytic protein-splitting enzyme extracted 
from wild figs and kept in a buffered solution. 

This eliminated all antigenic structures such as 
muscle tissue and elastic fibers. A nonantigenetic 
collagenous tube remains, which, however, is por
ous. These prostheses are made leak-proof by 
treating them with buffered dialdehyde starch so
lution. Since 1965, ROSENBERG has gained much 
clinical experience with his "artegrafts" in the 
United States. Other American surgeons, e.g., 
DALE, KESHISHIAN and JOHNSON, also reported sat
isfactory results. However, the clinical application 
of these modified bovine grafts remained limited. 

In Europe artegrafts have been used much less 
frequently. Not until AMGWERD [1] and SEGE 
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(1 '975) reported on the first clinical experiences us
ing modified heteroplastic arterial grafts from calf 
arteries, did the golden era of vascular replacement 
with such prostheses begin in Europe. However, 
the solcograft was soon abandoned because of the 
high rate of complications (thromboses, ruptures). 

D. Alloplastic Vascular Replacement 

As already mentioned, the homologous transplant 
in large arteries was replaced by the alloplastic 
prosthesis starting about 1960. The idea of replac
ing blood vessels with synthetic material is about 
400 years old, but not until the beginning of this 
century did surgeons begin to investigate this 
problem experimentally. One of the pioneers in 
this field was ALEXIS CARREL [3]. His attempts to 
replace arteries with compact, rigid tubes made 
of glass and aluminum and covered with a layer 
of paraffin failed. Tubes made of ivory and rubber 
as well as the tubes developed by TUFFIER (1917), 
which were made of silver and covered with a layer 
of paraffin, were also unsuccessful. These silver 
tubes were used during the First World War, but 
only as temporary arterial shunts. BLAKEMORE 
tried vitallium prostheses during the Second World 
War, and DONOVAN experimented with polyethyl
ene tubes later on (in 1949). But all these attempts 
were unsuccessful, as were the experiments with 
polyethylene prostheses by MOORE (1950). 

Then, in 1952, came the surprising report by 
VOORHOEVE, JARETZKI, and BLAKEMORE [22] in the 
Annals of Surgery on the application of Vinyon-N 
tubes made of porous, biologically inert material 
that remained patent in animal experiments. This 
paper had an explosive effect in the field of vascu
lar surgery and marked the beginning of further 
rapid advances in alloplastic vascular replacement, 
above all, after EDWARDS'S and T APP'S introduc
tion, in 1955, of crimping, which gave the synthetic 
prosthesis more elasticity in longitudinal and 
transverse directions and prevented kinking in 
curved vessels. 

When Vinyon-N was no longer available, Iva
Ion was introduced commercially. Later, tubes 
consisting of Orlon were produced ready for use. 
In 1957 woven Nylon prostheses were introduced, 
in 1958 woven and knitted Teflon tubes. Finally, 
Dacron prostheses appeared. WESELOWSKI, SZILA
GYI, HEBERER, COOLEY, SAUVAGE, and many others 

R.J.A.M. van Dongen 

contributed greatly to the development and appli
cation of synthetic prostheses. 

E. Autologous Vascular Replacement 
[2, 11] 

For replacement of small vessels the arterial ho
mologous transplant was abandoned in favor of 
the venous autograft. As early as 1903 HOPFNER 
performed experiments with autologous vein 
grafts. Previously, CLEMENTI (1894), JABOULAY and 
BRIAN (1896), and EXNER (1903) had reported on 
unsuccessful attempts. The first successful applica
tion of this technique was in 1906, when CARREL 
and GUTHRIE replaced the carotid arteries of dogs 
with segments of the jugular vein. The fact that 
CARREL was successful where his colleagues had 
failed was undoubtedly due to his previous ad
vances in the field of vascular anastomoses. 

In 1906 the pioneer studies of CARREL and 
GUTHRIE were already well known throughout the 
entire surgical world. The Madrid surgeon, JOSE 
GOYANES, must have been well acquainted with 
them when, shortly before CARREL, he published 
two papers in the Spanish medical weekly journal 
El Siglo Med. (1 and 8 September 1906) on the 
successful replacement of the aorta by segments 
of the vena cava in dogs. These reports were read 
by very few outside of Spain. 

Only much later was it reported that GOYANES 
had not only succeeded in experiments, he was 
also the first to use venous autografts clinically. 
In his first publication on 1 September 1906, he 
reported on a case in which he divided the iliac 
artery and sutured it to the proximally ligated iliac 
vein. He had divided the femoral vein above the 
knee joint and connected the proximal end to the 
distal femoral artery, thus bypassing an obstruc
tion of the upper half of that artery. The result 
of this first bypass operation (strictly speaking it 
was an in situ bypass) was reported to be good, 
although no explicit details of the postoperative 
course are known. 

The basic surgical principle of a bypass proce
dure using a free venous autograft was clearly de
scribed and studied in animal experiments for the 
first time by ERNST JEGER [14], a surgeon at the 
Berlin University Hospital who, in 1913 at the age 
of 29, wrote an impressive book with the daring 
title: The Surgery of Blood Vessels and the Heart 
- "dedicated to ALEXIS CARREL in gratitude and 
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admiration." He not only described the vascular 
techniques developed by CARREL, but he also re
viewed the entire field of vascular and heart sur
gery as it existed at that time. In addition, he wrote 
extensively about his own experiences as a vascular 
surgeon and predicted the future development of 
heart, vascular, and transplantation surgery. 

GOYANES, in his second paper a week after the 
first one, reported on a 41-year-old patient with 
a luetic aneurysm of the popliteal artery. He had 
resected this aneurysm on 12 June 1906 and re
placed it with a segment of the popliteal vein, 
which had remained in situ. Even though the 
wound became infected, the operation was a suc
cess. Blood circulation of the lower limb was main
tained. 

Some 6 months later ERICH LEXER from the 
University Hospital in Konigsberg was confronted 
with a similar problem [15]. It concerned a 69-
year-old man with a false aneurysm of the axillary 
artery. Primary anastomosis of the remaining vas
cular stumps following resection of the aneurysm 
was not possible. Therefore, he decided to restore 
continuity by using a segment of the great saphe
nous vein. Unfortunately, the patient died 5 days 
after the operation, of delirium tremens. But the 
autopsy, which LEXER himself performed, showed 
that the graft was patent. He reported on this oper
ation at the 36th Congress of the German Surgical 
Society in April 1907 and published the case in 
Archiv fUr Klinische Chirurgie. This paper caused 
great interest in the Anglo-American countries, 
where renowned surgical centers had begun labo
ratory testing of vascular replacement by au
tografts. It did not take long for the first results 
to be published. In 1913 PRINGLE (Glasgow) re
ported in The Lancet on two patients in whom 
he had removed aneurysms of the popliteal artery 
and brachial artery and bridged the defects with 
autologous vein grafts. In the United States 
BERTRAM BERNHEIM, a colleague of WILLIAM S. 
HALSTED at John Hopkins Hospital, was the first 
to publish successful results. 

The first experiments with the use of autologous 
vein grafts for treatment of arterial injuries and 
traumatic aneurysms were performed by SOUBBO
TITCH, a surgeon from Belgrade who served as a 
military physician in the Serbian army during the 
Balkan War. 

By 1917, according to WARTHMiiLLER a total 
of 51 patients had received autologous vein grafts, 
of whom 39 showed successful results. This led 
LEXER to conclude: "the replacement of arterial 
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defects with autologous vein grafts is justly begin
ning to gain great importance in surgery. " 

However, interest in the venous autograft sub
sided for 30 years. During that time the entire field 
of vascular surgery seemed to have been forgotten. 
WEGLOWSKl was one of the very few surgeons who 
continued to amass experience. During the First 
World War he used auto grafts in 55 wounded sol
diers. Patency of the graft could be shown in 40 
of 47 survivors. His publications were hardly 
known in foreign countries, probably because they 
were published in Russian and Polish journals. 
Not until 1925 did his results receive recognition 
upon publication in the Zentralblatt fUr Chirurgie. 

During this period of inactivity, two very im
portant requirements for successful reconstructive 
vascular surgery' were fulfilled: the possibility of 
diagnosing vascular disease with respect to its na
ture and extent, and the control of blood coagu
lation. 

The first gap was closed by two Portugese in
vestigators. Although HASCHEK and LINDENTHAL 
had already filled the arteries of corpses with con
trast medium and had taken X-ray photographs 
of them in 1896, clinical angiography was not in
troduced until 1927-1929, when EGAZ MONIZ and 
REYNALDO Dos SANTOS employed it for the first 
time. 

The introduction of anticoagulants, especially 
heparin (discovered in 1916 by JAY MACLEAN, ani
mal experiments in 1918 by HOWELL and HOLT, 
chemical purification in 1933 by CHARLES and 
SCOTT, and first application by CRAWFORD in 
1935) made it possible to control thrombosis. 
However, these discoveries were not applied gener
ally and routinely until the last years of the Second 
World War. This represented the magic key to re
constructive vascular surgery, and the future suc
cess of artery replacement using vascular grafts 
was assured. 

On 3 June 1948, JEAN KUNLIN (Fig. 1.3) per
formed his first bypass operation using a free au
tologous vein graft at the small Hopital Americain 
in Paris. The technique of this operation had been 
perfected beforehand by KUNLIN. His method of 
anastomosis has remained a standard technique 
to this day. KUNLIN, who had knowledge of 
JEGER'S book [14], got the idea of bridging an obli
terated arterial segment after JEAN Crn Dos SAN
TOS had demonstrated his method of endarterec
tomy in the Hopital Americain. He perceived that 
an occlusion was limited to a particular arterial 
segment, and that the vessel was relatively normal 
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Fig. 1.3. JEAN KUNLIN (*1904) 

distal to the occlusion and showed good patency 
in any case. 

In the same year, KUNLIN performed 13 venous 
graft bypass operations. Encouraged by the excel
lent results, LERICHE soon became convinced that 
bypass surgery was the technique of the future. 

Soon, this new method was being used all over 
the world. The great breakthrough came during 
the Korean War. The American surgical team 
which introduced reconstructive vascular surgery 
in the front lines in 1953 achieved good results. 
The publications of DYE et al. (1956), DALE (1974), 
as well as LINTON and DARLING (1962) made ve
nous bypass grafting very popular [4]. 

F. Thromboendarterectomy 

In the era before the discovery of heparin, open 
disobliteration of arteries had already been at
tempted, but without success. Not until heparin 
achieved clinical significance did new opportuni
ties appear in this field. 

JEAN CID Dos SANTOS (Fig. 1.4), the son of the 
famous inventor of angiography, utilized the anti
thrombotic effect of heparin when he performed 
his first successful disobliteration. 

R.J.A.M. van Dongen 

JEAN Crn Dos SANTOS had studied with LERICHE 
in Strasbourg during the 1930s, repeating many 
of CARREL'S experiments under the supervision of 
LERICHE, who had become director of the surgical 
department in 1924. During the war he served in 
the Azores. Following his return to Lisbon, where 
he directed the surgical department, he had the 
opportunity to apply his knowledge and skill in 
the practice of vascular surgery. In June 1946, he 
removed an acutely formed thrombus from the 
femoral artery. As he examined the specimen, he 
discovered that he had inadvertently removed the 
intima and a portion of the media. The artery re
mained patent for many months. 

He concluded that, in order to keep an artery 
patent, an uninjured intima is not absolutely neces
sary if heparin is used for anticoagulation. As in 
many instances of medical progress, the discovery 
of thromboendarterectomy came by chance. 

During the next few years, open disobliteration 
was performed mainly by French surgeons (BAZY, 
REBOUL, HUGUIER). Despite initial enthusiasm, it 
was shown that the long-term results were not sat
isfactory. The fervent discussions of thromboend
arterectomy soon quieted down. However, this 
technique experienced a renaissance following the 
introduction of patch graft angioplasty and the 

Fig. 1.4. JEA ID Dos SANTOS (1907- 1975) 
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extension of disobliteration beyond the occluded 
segment ("overpass", J.C. Dos SANTOS, 1963). 
Patch graft angioplasty had already been men
tioned by CARRELL and GUTHRIE in 1906. It was 
propagated especially by DEBAKEY [6] at the begin
ning of the 1950s. 

In 1952, the American surgeons CANNON and 
BARKER introduced ring stripping, a semiclosed 
method. However, this method lost its importance 
after 1960 in favor of the bypass technique, 
especially in the femoropopliteal region. 

G. Other Applications of Vascular 
Surgical Techniques 

Until 1952, all reported materials and methods 
were used exclusively in the aortoiliac region and 
the extremities. As reconstructive vascular surgery 
progressed, it was applied to other regions. 

In 1951 SHIMIZU and SANO made the first at
tempt to disobliterate the internal carotid artery. 
They proceeded from the external carotid artery, 
which was sacrificed. A slight improvement was 
noticed. In a second patient the carotid bifurcation 
was resected and replaced by a venous homotrans
plant; here, too, the external carotid artery was 
sacrificed. Postoperatively, the patency of the graft 
could not be confirmed. 

The first successful open thromboendarterec
tomy of the carotid bifurcation was performed by 
DEBAKEY on 7 August 1953. In the following years, 
it was EASTCOTT, PIKKERING and ROB in London 
who contributed most to the development of caro
tid surgery [6]. Relatively soon, the basic principles 
of vascular reconstruction were applied to renal 
arteries. The first revascularization of a kidney was 
accomplished in 1952 by THOMPSON and SMITH
WICK by means of a splenorenal anastomosis. Un
fortunately, this operation was not a success, and 
the kidney had to be removed 17 days after sur
gery. A year later (1953), FREEMAN reconstructed 
a stenotic renal artery by endarterectomy. The first 
bilateral renal artery reconstruction was per
formed by POUTASSE in 1956 using a homologous 
arterial graft. 

Surgical treatment of chronic occlusive disease 
of the visceral arteries did not exist until 1958, 
when the first endarterectomy of the superior mes-
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enteric artery was performed by SHAW and MAYN
ARD. A year later, MIKKELSEN and ZARO became 
the first to transect and reimplant the superior 
mesenteric artery. DEBAKEY devised a new bypass 
procedure for reconstruction of the intestinal ar
teries in 1961. 

H. Embolic Occlusions 

The first embolectomy was attempted by SUABAN
EJEW in the year 1896. In 1911, LAHEY in Paris 
was the first surgeon to successfully remove an 
embolus from the common femoral artery. The 
report of KEY (1923) on a series of 10 embolecto
mies, of which 6 were successful, substantially con
tributed to the further widespread application of 
this new operative technique. 

The technique of indirect embolectomy was 
also performed very early. The English surgeon 
HANDLEY made an attempt to remove a blood clot 
by suction in 1907. GRIFFITHS (1938) used a coiled 
corkscrew-like wire, KEY (1936) used curets, and 
SEEN (1963) pliers. Since FOGARTY reported on his 
inflatable balloon catheter in 1963, his method has 
been preferred by most surgeons worldwide. 

The first attempt to remove an embolus from 
the superior mesenteric artery was made by the 
Russian surgeon RYVLIN in 1943. However, he was 
not able to restore blood flow through the vessel. 
In 1951, KLASS was more successful, but the pa
tient died a few days after the operation. In 1955, 
a patient of WISE survived an embolectomy with
out additional bowel resection. 

The history of vascular surgery is very extensive 
[21, 23]. It is not limited to the development of 
new techniques, methods, and materials. Many 
other advances in the most widely varying fields 
of medicine have made progress in vascular sur
gery possible. The most important advances have 
come in asepsis, anesthesiology, blood transfusion, 
blood coagulation, angiography, and microsur
gery. Furthermore, one should not forget the re
finements of diagnostic procedures, the simplifica
tion of flow and pressure measurement, the im
provement of instruments, etc. Further develop
ment in these and many other fields will surely 
lead to great possibilities in the future [8, 10]. 
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2 Anatomy 

This chapter presents a general overview of those 
anatomical features that are of fundamental im
portance in vascular surgery. Most of the ensuing 
chapters contain brief summaries of the special 
vascular anatomy encountered in each region. 
These descriptions, of course, are not intended as 
a substitute for textbooks and monographs on 
anatomy. 

Rather, they try to present the most important 
topographic aspects of those body regions with 
which the vascular surgeon must be familiar. This 
being the case, the customary presentation of an 
anatomy of arteries and veins is not called for. 
There is only a very short chapter on the venous 
system of the lower extremity. The portal system 
is discussed together with the visceral vessels. 

The number of anatomic variations in the 
blood vessels, in terms of their tributaries, varying 
diameters, positions, and collaterals is immense. 
The picture becomes even more complex if one 
takes into account variations due to age and sex. 
Using schematic drawings, we have tried to repre
sent the most common variations. The corre
sponding monographs are referred to in the refer
ences. It was not possible to consider the numerous 
variations in the vasculature of individual organs, 
for example, the liver, which is very specific and 
should be reviewed in textbooks on liver surgery. 
Pathologico-anatomic details such as kinking and 
loop formation of the arteries, of the carotid ar
tery, for example, or possible collaterals in an 
atypical aortic coarctation, are presented in the 
corresponding special chapters on these topics. 



2 Anatomy 

2.1 Surgical Anatomy of the Arteries 

B. GUNTHER and G. HEBERER 

CONTENTS 

A. Common, Internal, and External Carotid Arteries 13 

B. Subclavian Artery and Branches. . 13 

C. Intrathoracic Vessels . . . . . . . 14 
I. Vessels of the Left Hemithorax. 14 

II. Vessels of the Right Hemithorax 16 
III. Aortic Arch and Branches 16 

D. Visceral Arteries and Portal System. 16 
I. Visceral Arteries . 17 

II. Portal System. . . . . . . . 18 

Posterior bolly 
ot the digastriC m 

Hypoglossal n 

Accessory n 

Inlernal carOlld a 

External carolld a 

Internal,ugular v 

Common caroild a 

Supenor thyrOid v 

E. Abdominal Aorta, Inferior Vena Cava, Renal 
Artery and Vein, Other Retroperitoneal Vessels 19 

F. Vessels of the Upper Extremity 19 
I. Axillary Artery . . . . . 19 

II. Brachial Artery . . . . . 19 
III. Vessels of Wrist and Hand 22 

O. Vessels of the Pelvic Region and the Lower 
Extremity 22 

I. Iliac Arteries . . . . . . . . . 22 
II . Femoral Artery . . . . . . . . 22 

III . Popliteal Artery (Middle Segment) 24 
IV. Popliteal Artery (Distal Segment) and 

Posterior Tibial Artery . . . . . . . 25 
V. Anterior Tibial Artery . . . . . .. 26 

VI. Vessels of the Ankle and Foot Region . 28 

References. . . . . . . . . . . . . . . . 28 

~.'''-E~7hf.L.::'-Hf!f--''-+- Superior branch of the 
ansa hypoglOSSi 

Sternocleldo- _I-~_----,;;~~~~~'; 
mastOid m. ~~~~~~YJ'1II--..J_ Inlenor branch 01 Ihe 

ansa hypoglOSSI 

-.\: '. 



2.1 Surgical Anatomy of the Arteries 

A. Common, Internal, and External 
Carotid Arteries 

The cervical course of these vessels in the carotid 
triangle is shown (Fig. 2.1.1). 

Following skin incision, dissection ofthe subcu
taneous tissue, platysma, and anterior cervical fas
cia the internal jugular vein is usually exposed 
fir;t at the front margin of the sternocleidomastoid 
muscle. Its caudal portion lies ventral and lateral 
to the common carotid artery and its cranial por
tion at the same level as the artery. The medial 
branches of the jugular vein vary greatly. The main 
branches are the common facial vein, usually 
found at the level of the carotid bifurcation, and 
the caudally terminating superior thyroid vein, but 
a common thyrolinguofacial trunk is also possible. 

The vagus nerve transverses dorsal to and be
tween both large neck vessels. The arch of the hy
poglossal nerve forms the cranial margin of surgi
cal exposure of the carotid artery and its branches. 
The caudal margin of dissection is flanked by the 
omohyoid muscle, which runs obliquely to the ~at
eral side of the neck. In the uppermost portIon 
of the carotid triangle the accessory nerve crosses 
the internal jugular vein. Usually, it is not encoun
tered during exposure of the carotid branches. The 
carotid body, a structure 5 to 6 mm long and 2 
to 3 mm wide, lies in and behind the bifurcation 
of the common carotid artery. During dissection 
of this area, the carotid sinus nerve, a branch of 
the hypoglossal nerve, may be divided. One sho~ld 
watch out for the superior laryngeal nerve runmng 
dorsal to the carotid body. 

The branching sequence of the external carotid 
artery varies greatly. Only the superior thyroid ar
tery, which branches ofT medially, is of importance 
to the surgeon because it must be clamped before 
incising the carotid bifurcation. Rarely, the as
cending pharyngeal artery, which branches ofT cra
nially at the carotid bifurcation, must be ligated. 

Variations in the topographical position of the 
internal carotid and external carotid arteries rela
tive to one another, e.g., the dorsomedial course 
of the internal carotid artery, do not play an im
portant role in the surgical exposu~e o.f ce~cal 
vessels. The level at which the carotId bIfurcatIon 

<J Fig. 2.1.1. Carotid triangle. View following resection of 
the platysma and anterior ce~cal fas?ia as well as later
al retraction 'of the sternocleIdomastOid muscle 
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is located is much more important for dissection, 
because the higher the origin of the internal carotid 
artery, the more difficult its exposure is. In most 
cases branching occurs at about the level of the 
fourth cervical vertebra and the upper margin of 
the thyroid cartilage. 

B. Subclavian Artery and Branches 

The operative approach to the subclavian artery 
and its branches, which is especially important to 
the surgeon, is located in the caudal portion of 
the sternocleidomastoid region below the omo
hyoid muscle (Fig. 2.1.2a). The subclavian artery, 
as it passes through the scalene area, gives ofT the 
following branches along a 3-cm-Iong segment: 
the vertebral artery and the thyrocervical trunk 
upward toward the head, the internal mamrilary 
(thoracic) artery, and the costocervical trunk in 
a downward direction (Fig. 2.1.2 b). On the left 
side of the neck, these arteries are very close to 
the junction of the thoracic duct at the venous 
angle, a fact of great significance (Fig. 2.1.2c). Be
cause the aortic arch curves from the right front 
backward and to the left, the right subclavian ar
tery lies anterior to the left one. The bifurcation 
of the brachiocephalic vein lies just behind the 
right sternoclavicular joint. 

The phrenic nerve descends obliquely toward 
the midline, passing along the anterior surface of 
the anterior scalene muscle. Its middle portion 
runs lateral to the thyreocervical trunk, crosses 
over the subclavian and internal thoracic arteries, 
and then passes medially downward into the tho
rax. The sympathetic nerve usually forms a loop 
around the uppermost portion of the thyreocervi
cal trunk and then enters the thorax with some 
of its branches running in front of and some be
hind the clavicular portion of the subclavian artery 
(ansa subclavia). The middle cervical sympath~tic 
ganglion usually lies just above the thyre?Cervlc~1 
trunk, and the inferior cervical sympathetic gangh
on just above the crossing point between the sym
pathetic trunk and the subclavian artery 
(Fig. 2.1.2b). 

The thoracic duct curves upward on the left 
side behind the internal carotid artery and internal 
jugular vein, but in front of the vertebral artery 
and vein and the thyreocervical trunk. It joins the 
venous angle from behind, branching delta-like 
into several tributaries (Fig. 2.1.2c and special 
lymphatic vessel anatomy). 
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C. Intrathoracic Vessels 

I. Vessels of the Left Hemithorax 

The descending aorta extends from the fourth 
thoracic vertebra downward directly in front of 
the vertebrae (Fig. 2.1.3a). In the middle portion 
of the descending aorta,' the segmental posterior 
intercostal arteries, emerging in corresponding 
pairs, run horizontally and in the superior portion 
climb steeply upward until they reach the corre
sponding intercostal spaces. The left subclavian ar-

Vertebral v. 

Internal thoracic a. 

Brachiocephalic v. 

First rib 
h 

Fig. 2.1.2a--c. Sterriocleidomastoid region. a Topogra
phy following removal of the platysma, first and second 
cervical fascia as well as sternocleidomastoid muscle 
(right side of the neck). b Topography following removal 
of the internal jugular vein, subclavian vein, and sternal 
articulation of the clavicle (right side of the neck). 
c Topography of the thoracic duct junction at the venous 
angle following resection of the sternocleidomastoid 
muscle, clavicle, and internal jugular vein (left side of 
the neck) 

tery, the last branch of the aortic arch, originates 
at the distal end of the latter and ascends steeply 
upward. 

The left longitudinal thoracic vein, which re
ceives the posterior intercostal veins, crosses the 
posterior intercostal arteries on the lateral surfaces 
of the vertebrae. At a lower level, this vein be
comes larger. It is then called the inferior hemiazy
gos vein. It crosses to the other side behind the 
aorta at the level of the seventh to the ninth thor
acic vertebra, joining the azygos vein on the right 
side. 
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The sympathetic chain lies farthest laterally, on 
the heads or joints of the ribs in front of the poste
rior intercostal arteries and veins. At the level of 
each rib, it forms a thoracic ganglion. The first 
thoracic ganglion often joins the inferior cervical 
ganglion to form the cervical thoracic ganglion or 
stellate. 

The vagus nerve runs downward next to or on 
the ventral aspect of the left subclavian artery, 
crossing the aorta laterally at the origin of the 
subclavian artery. This is where the vagus nerve 
gives off the recurrent nerve posteriorly. The thor
acic duct also lies behind the left subclavian artery. 

Fig. 2.1.3a-c. Schematic representation of the large in
trathoracic vessels and nerves. a Left hemithorax. b Up
per third of the right hemithorax. c Upper mediastinum 
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II. Vessels of the Right Hemithorax 

The topography of the middle and lower third of 
the right hemithorax is similar to the left side. In 
the upper third, the azygos vein enters into the 
superior vena cava just above the hilus of the right 
lung, lateral and anterior to the esophagus and 
trachea (Fig. 2.1.3 b). The right vagus nerve passes 
behind the azygos vein to the lateral aspect of the 
esophagus. The phrenic nerve descends directly on 
or lateral to the superior vena cava. 

The thoracic duct ascends between the esopha
gus and the azygos vein. At the level of the azygos 
arch, it passes over to the left side behind the 
esophagus. 

III. Aortic Arch and Branches 

The aortic arch and its branches are exposed trans
sternally through the upper anterior mediastinum 

Infenor v cava 

Proper nepallC v 

Bile duel 

Porlal v 

Common hepallC a 
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(Fig. 2.1.3c). They are covered in front by the left 
brachiocephalic vein. During dissection, one must 
pay attention to the lower thyroid veins coming 
from above and the superior hemiazygos vein en
tering laterally from below. 

The origins of the supra-aortal branches show 
numerous variations. Between 1 and 5 different 
origins of the branches of the aortic arch and up 
to 25 combinations of different anomalies have 
been classified [16, 20]. 

D. Visceral Arteries and Portal System 

Knowledge of the topography of visceral vessels 
is equally important in vascular and abdominal 
surgery. Because of its connections with the inferi
or vena cava, the portal system has a special posi
tion. 
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I. Visceral Arteries 

The celiac trunk arises from the aorta just below 
the aortic hiatus (Fig. 2.1.4). Usually, it divides 
into three branches: the thin left gastric artery, 
the splenic artery, and the common hepatic artery. 
The latter two are about equal in diameter. The 
splenic artery runs along the upper margin of the 
pancreas to the splenic hilus, giving off numerous 
pancreatic branches. Before entering the splenic 
hilus, it also gives off the short gastric arteries 
and the left gastroepiploic artery to the greater 
gastric curvature. 

Just before entering the hepatoduodenal liga
ment at the posterior upper margin of the duode
num, the common hepatic artery separates into 

<I Fig. 2. 1.4. hemati pre entati n r 
the visceral arterie~. p rtal. and relr -
p ritoneal ve ' 'cl rollo\ ing re 'eeLi n 
of the -tom a h, duodenum. tmd b d 
r the pan rea 
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the gastroduodenal artery, which descends behind 
the duodenum, and the proper hepatic artery, 
which enters the ligament. The superior mesenteric 
artery arises from the descending aorta 5-10 mm 
below the celiac artery and runs behind the pancre
as and under the splenic vein, but anterior to the 
renal vein. Before separating into 5-20 visceral 
branches at the base of the mesentery, it gives off 
the inferior pancreaticoduodenal artery at the 
lower pancreatic margin. The inferior mesenteric 
artery arises from the abdominal aorta as the last 
visceral vessel below the duodenojejunal flexure 
at the level of the third lumbar vertebra. 

MICHELS classifies six different variations of the 
origins and branches of both of these arteries 
(Fig. 2.1.5a). He calls the standard anatomic situa-
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tion as described above, with a normal hepatogas
trosplenic trunk and an independent superior mes
enteric artery, the Type I variation [12]. A fre
quently occurring Type I variation consists of a 
separate left hepatic artery arising from the celiac 
artery, while the right hepatic artery arises from 
the superior mesenteric artery (11.5%). Type II 
is encountered in 3.5%, Type III in 0.5%, Type 
IV in 1.5%, and Type V in 15.5%. Type VI, having 
one single trunk for all visceral arteries and Type 
VII, with the middle colic artery and/or left colic 
artery arising from the celiac artery, are very rare. 

The variability of arterial supply to different 
organs, especially the liver, is more important in 
liver surgery. For example, an accessory hepatic 
artery is found in over 20%, two additional hepat-

B. Gunther and G . Heberer 

ic arteries in almost 10%, three in 7%, and four 
in 3% of patients. 

ll. Portal System 

Lateral to and below the origin of the superior 
mesenteric artery, the superior mesenteric vein and 
splenic vein join behind the pancreas to form the 
portal vein. This vessel lies posterior to the proper 
hepatic artery in the hepatoduodenalligament, fol
lowing a diagonal course laterally to the hepatic 
porta, where it lies just medial and anterior to 
the inferior vena cava. The splenic vein ascends 
in a posterior direction to the spleen, starting 
about the middle of the pancreatic body. The infe-
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rior mesenteric vein enters the splenic vein about 
2 em to the left of the confluence. 

The individual branches of the portal vein vary 
greatly. Not only the junction of these tributaries 
with the superior mesenteric and portal veins is 
of great importance for dissection in this region, 
but their stereotactic arrangement as well, i.e., 
whether they enter from behind, below, or from the 
front [18]. Figure 2.1.5b is a schematic representa
tion of the most important branches. Particular 
attention should be paid to the posterior tributar
ies entering along the 4.5-cm-Iong segment leading 
to the confluence. The splenic vein should only 
be mobilized dorsally because of the danger of in
juring the numerous ventral branches from the 
pancreas. Before the portal vein separates at the 
hepatic porta, a 1.5-em-Iong segment of this main 
vessel is usually entirely free of tributaries. 

E. Abdominal Aorta, Inferior Vena Cava, 
Renal Artery and Vein, 
Other Retroperitoneal Vessels 

The abdominal aorta usually gives off two renal 
arteries just below the origin of the superior mes
enteric artery (Fig. 2.1.6). In addition, four pairs 
of lumbar arteries arise from the abdominal aorta. 
The vena cava is formed by the junction of both 
common iliac veins to the right and behind the 
aortic bifurcation at the level of the fourth lumbar 
vertebra. In the mesogastric region, it lies posterior 
to the duodenum and pancreas and farther up be
tween the right suprarenal gland and the portal 
vein within the hepatoduodenalligament. The left 
renal vein crosses the aorta on its way to the inferi
or vena cava. Both renal arteries arise at the same 
level in most humans, in younger persons at the 
center of L1, in older persons at the lower quarter 
of L1 or at the level of the intervertebral disk L1 / 
L2. The sympathetic chain lies farthest back and 
toward the side and is covered to some extent by 
the lateral border of the vena cava. 

The arteries of both kidneys and also the veins 
of the left kidney show especially numerous varia
tions. In 20%-25% of patients one finds aberrant 
and accessory renal arteries, sometimes originating 
at the common iliac and spermatic arteries. 

<J Fig. 2.1.6. Schematic representation of retroperitoneal 
vessels 
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Multiple renal veins are encountered in 25%. 
Other variations of the renal vein, such as crossing 
behind the aorta or duplication, with one part in 
front and one part in back of the aorta, are usually 
combined with anomalies of the inferior vena cava. 
The frequency of duplication of the inferior vena 
cava is reported to be 1 %-3%, crossing of the 
left renal vein behind the aorta 1.8%, and loop 
formation around the aorta 1.5% of patients. 

F. Vessels of the Upper Extremity 

I. Axillary Artery 

The axillary artery lies posteriorly and laterally 
to the axillary vein in the axilla (Fig. 2.1.7 a). There 
is a very close topographical relationship between 
the axillary artery, the brachial plexus, and the 
peripheral nerves. In the upper portion of the axil
lary artery, extending from the infraclavicular re
gion to the upper border of the pectoralis minor 
muscle, the brachial plexus lies above and behind 
the artery. 

In the lower portion, as it runs down to the 
lower border of the pectoralis minor muscle, it 
is surrounded by the fascicles of the brachial plex
us. Distal to this muscle, the median nerve lies 
on the artery, with the ulnar nerve medial and 
the musculocutaneous nerve lateral to it. The radi
al nerve, which lies behind the artery, arises from 
the posterior fascicle. The arterial branches of the 
axillary artery, running downward to the posterior 
structures of this area and accompanying the var
ious nerves, are not of any importance for surgical 
dissection. 

The cephalic vein penetrates the clavipectoral 
fascia below the clavicle in the deltoideo-pectoral 
triangle (Mohrenheim's fossa) and terminates in 
the subclavian vein (Fig. 2.1.7b). Posterior to the 
cephalic vein, the thoracico-acromial artery runs 
in a lateral direction, and multiple anteriorly pec
toral nerves descend for motor innervation of the 
pectoralis major muscle. 

II. Brachial Artery 

The brachial artery is the extension of the axillary 
artery. It continues downward, usually accompa
nied by two concomitant veins, reaching the cubi
tal fossa beneath the bicipital aponeurosis 
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(Fig. 2.1.8). It extends into the forearm as the radi
al artery, while the ulnar artery branches off me
dially. The cranial collateral as well as the distal 
recurrent arteries form the arterial network of the 
elbow joint, a natural system of anastomosis be
tween the upper and lower arm vessels. 

The brachial artery is accompanied on its ulnar 
side by the median nerve, which crosses in front 
of it. The radial nerve with its deep and superficial 
branches on the lateral side of the arm comes in 
close contact with the radial artery at the cubital 
fossa. 

ill. Vessels of Wrist and Hand 

The ulnar artery enters the palm of the hand radial 
to the pisiform bone in front of the transverse car
pal ligament, covered only by the palmar fascia 
(Fig. 2.1.9a). At the pisiform bone it gives off the 
deep palmar branch to the deep palmar arch 
(Fig. 2.1.9b). Its course distal to the transverse car
pal ligament has about the same direction as the 
linea vitalis on the palm of the hand, continuing 
under the superficial palmar arch, making a distal
ly convex half circle to the radial side of the hand. 
Three or four common palmar digital arteries arise 
from this arch. 

The radial artery turns toward the radial side 
of the hand as soon as it reaches the wrist, crossing 
within the tabatiere formed by the abductor polli
cis longus and extensor pollicis brevis muscles to 
the dorsum of the hand. Anteriorly, it gives off 
the superficial palmar branch which continues ul
nar to the thenar muscles under the tendons of 
the digital flexor muscles and, together with the 
ulnar artery, forms the deep palmar arch just 
above the base of the metacarpal bones 
(Fig.2.1.9b). 

The ulnar artery runs lateral to the ulnar nerve, 
which splits up into several branches as it reaches 
the pisiform bone. The median nerve enters the 
palm radially, together with the long digital flexor 
tendons, and divides at the distal edge of the trans
verse carpal ligament into three common palmar 
digital nerves which spread out to the fingers just 
beneath the superficial palmar arch. 

The superficial and deep palmar arches show 
numerous variations. For example, a complete su
perficial palmar arch is present in only 50%. For 
further study of these variations consult the refer
encesat the end of this chapter [6, 8]. 
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G. Vessels of the Pelvic Region 
and the Lower Extremity 

I. Diac Arteries 

Distal to the iliac bifurcation the common iliac 
artery subsequently divides, giving rise to the ex
ternal and internal iliac arteries. Just below the 
inguinal ligament the former of these gives off the 
deep inferior epigastric artery medially upward 
and the deep circumflex ileal artery laterally 
(Fig. 2.1.10). 

At the iliac bifurcation the ilac vein crosses be
neath the artery, running downward toward the 
inguinal ligament on the medial side of the external 
iliac artery. 

At about the same level, the ureter crosses in 
front of the common iliac artery or the iliac bifur
cation. 

II. Femoral Artery 

The main vessel of the anterior femoral region is 
the femoral artery. Relative to the sartorius mus
cle, it can be divided into three segments: The first 
- and surgically the most important - segment 
proximal to the sartorius muscle; the second, be
neath the sartorius muscle; and the third, covered 
by the vastoadductor membrane (Fig. 2.1.10). 

At the inguinal ligament the femoral artery usu
ally gives off two smaller branches, the superficial 
epigastric artery and the superficial circumflex ileal 
artery (Figs. 2.1.10 and 2.1.11 a), which deserve at
tention when dissecting around the common femo
ral artery. Smaller external pudendal arteries 
branch off further distally at variable distances. 
The origin of the profunda femoris artery usually 
lies 2 cm below the inguinal ligament on the lateral 
and posterior side of the femoral artery. It extends 
only a short distance and gives off the lateral cir
cumflex artery and the medial circumflex artery. 
The latter passes beneath the femoral vein and 
superficial femoral artery. 

At first the femoral vein lies medial to the ar
tery, however, along its middle and lower course 
it runs more and more behind the artery. The 
greater saphenous vein enters into the femoral vein 
from the medial side at about the same level as 
the origin of the profunda femoris artery. Just be
fore entry it takes up numerous subcutaneous 
veins (venous star) which are very variable in their 
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course and site of entry. When dissecting around 
the profunda femoris artery one should pay special 
attention to the crossing lateral circumflex vein. 
It is often accompanied by two additional venae 
comitantes (Fig. 2.1.11 b). 

The branches of the femoral nerve lie lateral 
to the artery and usually cross the tributaries of 
the profunda femoris artery on their course to the 
lateral side of the leg. At the uppermost part of 
the anterior femoral region, the saphenous nerve 
comes in close contact with the superficial femoral 

- Abdominal aorte 

Inlerlor v cave 

Common Iliac a 

Inlernallhac a 

E lernal Iliac v 

.... _ Externallhac a 

Oblurator a 
Obturator v 

Obluralor n 

PecIOneus m 

Exlernat pudendal a and v 

l+II!ifbJ~~-- AdduCIOr longus m 

1~r:_-1 _ __ ~emoral v 
Sup rllClal femor al a 

~t-'i:*.~!<"T- Greal saphenous v 

AddUClor longus m 

__ Saphonous n 

- Graclhsm 

Vasloadduclor membrane 

23 

artery, running laterally next to or on this vessel 
downward to the adductor canal. 

The division of the common femoral artery 
shows numerous variations, not only in the 
number of tributaries, but also in the level of their 
origin and in their topographic relationship to the 
corresponding veins [8, 26]. 

The standard anatomical situation is encoun
tered in only 50%: lateral origin of a perfect pro
fundocircumflex trunk (Fig. 2.1.11 c). The com
monest variations, especially in the origin of the 
circumflex arteries, are shown as described by 
V AAS in order of their frequency from left to right 
(Fig. 2.1.11 d-g). 
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Fig. 2.1.11I,J-g. Schematic representation of the branches 
of the femdral artery and vein with important variations 
and topographical relationships between arteries and 
veins. a Branches of the common femoral artery. b Ves
sels at the femoral bifurcation. c-g Variations in the 
order of vessels arising from the femoral bifurcation ac
cording to their frequency (as described by F . V AAS [26]). 
1, Common femoral artery; 2, profunda femoris artery; 
3, superficial femoral artery; 4, lateral circumflex artery ; 
5, medial circumflex artery; 6, lateral circumflex vein; 
7, profunda femoris vein; 8, Venae comitantes; 9, puden
dal arteries; 10, femoral vein; 11, greater saphenous vein 
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ill. Popliteal Artery (Middle Segment) 

The sciatic nerve and its branches, the tibial nerve, 
and the common peroneal nerve run superficially 
within the popliteal fossa (Fig. 2.1.12) above the 
popliteal vein and artery. In the upper and middle 
portions of the popliteal fossa, the sciatic nerve 
and tibial nerve lie lateral to the vascular bundle 
and in the lower portion directly in front. The 
vascular bundle is separate from the nerve, which 
makes dissection and exposure of both structures 
easy. 

When dissecting around the popliteal artery 
one must carefully note the origins of the small 
branches of the arterial network of the knee which 
arise from the popliteal artery on the medial and 
lateral sides (superior, medial, and inferior genicu
lar arteries). 

The lesser saphenous vein enters the popliteal 
fossa between both heads of the gastrocnemius 
muscle and joins the popliteal vein. 
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Fig. 2.1.12. Popliteal fossa following resection of the 
popliteal fascia 

IV. Popliteal Artery (Distal Segment) 
and Posterior Tibial Artery 

On the tibial side (medial side of the lower limb) 
the distal popliteal segment and the topography 
of the posterior tibial artery are of special interest 
(Fig. 2.1.13). 

The space containing the distal segment of the 
popliteal artery is bordered by the medial head 
of the gastrocnemius muscle cranially and posteri
orly, by the hamstring muscles in front and above, 
as well as by the soleus arcade distally. Just above 
the soleus arcade, the popliteal artery gives off 
the anterior tibial artery in front and the tibioper
oneal trunk which passes downward under the so
leus arcade. At this point, in some cases, the popli
teal vein is already separated into two venae com-
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itantes, and the tibial nerve lies dorsal and lateral 
to the vessels. 

In the middle portion of the crural segment, 
the posterior tibial artery lies between the posterior 
tibial muscle covering the dorsal surface of the 
tibia and interosseous membrane and the soleus 
muscle. Thus, the posterior tibial artery can be 
exposed through a medial incision at the tibial 
edge following dorsal retraction of the medial head 
of the gastrocnemius muscle as well as division 
of the soleus muscle. 

In the upper region, the tibial nerve lies medial 
to the posterior tibial artery, in the middle and 
lower segments it lies posterior and medial to the 
vascular bundle. One should note carefully the 
paired veins and numerous arterial muscle 
branches. The division of the popliteal artery and 
the caliber of its branches vary, and therefore the 
importance of each branch for blood circulation 
in the lower limb also varies. For further details 
see reference [8]. 



26 

Poplltoat v _ 

Tlbral n 

Popliteal a --..,~2'" 

Anierior libra I a -·-1'1:1-:'· 1 

nbroperoneal runk 

Soleus m (attachmenl 
to Ihe libra removed) 

Post flor IIblal a 

Peroneal a _.~"""'~r-. 

Superhclal laye, __ 
01 the crurallascla 

Deep layer 01 the crural fascia 
(cutting edge) 

Tendon of Ilblalis posteno. m 

Tendon of flexor 
dlgl orum longus m 

Greater saphenous v 

MedIal malle()IUI;-~----

B. Gunther and G. Heberer 

Greater saphenous v 
D~~'-1:-- Saphenous n 

Tendon 01 graciliS m 
Tendon of sartonus rn 

Medral head 01 
gastrocnemius m 

Soleus m 

Interosseous membrane 

Fig. 2.1.13. Medial view of lower leg - distal third of V. Anterior Tibial Artery 
the popliteal artery 

On the lateral side of the lower leg (Fig. 2.1.14) 
nerves and vessels lie on the interosseous mem
brane posterior to the tibialis anterior muscle and 
lateral to the fibular surface of the tibia. Nerves 
and vessels lie between the tibialis anterior muscle 
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and the extensor digitorum muscle. The venae Fig. 2.1.14. Lateral view of the lower leg 
comitantes exist in pairs and show numerous con-
nections. The deep peroneal nerve runs laterally 
and superficially in the space between both exten-
sor muscles, comes in close contact with the anteri-
or tibial artery in the middle portion of the thigh, 
and crosses ' in front of it in the lower portion. 
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Fig. 2.1.l5a, b. Vessels of the dorsum of the foot and 
ankle region. a Medial malleolar region following resec
tion of the superficial layer of the crural fascia and ab
ductor hallucis muscle. b Dorsum of the foot after re
moval of the fasciae 

VI. Vessels of the Ankle and Foot Region 

The neurovascular bundle can be found between 
the medial malleolus and the calcaneal tendon 
(Fig. 2.1.15a). It can be exposed by dissecting the 
superficial layer of the crural fascia . The nerve lies 
lateral to the artery and its venae comitantes. 

The posterior tibial artery, covered by the ab
ductor hallucis muscle, separates into a medial and 
lateral plantar branch about 1-2 cm distal to the 
medial malleolus. The tibial nerve also gives off 
a medial and lateral branch at the level of the 
malleolus. Just after its division, the nerve lies me
dial to the vascular bundle. 

As soon as the anterior tibial artery reaches 
the malleolar axis, it passes beneath the tendon 
of the extensor hallucis longus muscle, remaining 
on its lateral side as it continues downward 
(Fig.2.1.15b). Thus, the artery lies superficially 
between the lateral attachment of the extensor hal
lucis brevis muscle and the tendon of the extensor 
hallucis longus muscle. 

The deep peroneal nerve and the tendon of the 
extensor hallucis longus muscle cross in front of 
the vascular bundle, remaining anterior and me
dial to the vessels. 
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2.2 Surgical Anatomy of the Veins 

B. GUNTHER and G. HEBERER 

As stated earlier, we have chosen to present those 
topographic aspects of the vascular system that 
are of greatest importance for the surgeon, rather 
than a systematic anatomy with a division into 
arteries and veins. The veins that have been dis
cussed, together with their corresponding regions, 
are: internal jugular vein, carotid triangle (p. 13); 
subclavian vein, sternocleidomastoid region 
(p. 13); axillary vein, axillary region (p. 19); inferi
or vena cava, renal veins, and variations, discussed 
in the section on the retroperitoneum (p. 19); iliac 
veins, femoral veins, saphenous vein junction and 
variations in the sections on pelvic and lower limb 
vessels (p. 22). 
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A. The Greater Saphenous Vein 
with Its Most Important Branches 
and Communicating Veins 

Because of its special importance in vascular sur
gery, the greater saphenous vein, with its most im
portant branches and communicating veins, is dis
cussed separately. 

The greater saphenous vein collects the entire 
epifascial venous blood of the leg. The perforating 
and communicating veins connect the greater sa
phenous vein system to the deep system of the 
femoral vein (Fig. 2.2.1). 

Fig. 2.2.1. Schematic representation of the superficial 
venous system of the lower extremity with the location 
of communicating veins (perforating) as described by 
VAN LIMBORGH [1] 
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The 100 or more perforating veins of the lower 
extremity are classified either as direct connec
tions, which run between the muscles, or as indi
rect connections, which link the superficial and 
deep system through veins belonging to the muscle 
itself. Only the direct connections, such as Cock
ett's, Boyd's and Dodd's veins are of particular 
importance in vascular surgery. Usually, the com
municating veins of Cockett's group are located 
6, 12 and 15 em above the plantar surface of the 
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foot and Boyd's veins 25 em above. Dodd's or 
Hunter's group is situated at the level of the vas
toadductor membrane. 
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The anatomy of the lymphatic system is of interest 
mainly because of its function as a drainage net
work. 

Skon region 

Precolleclors 

The blind precapillaries are the beginning of 
the lymphatic system in the tissue. They have slits 
in their sides which can open and close. They are 
fixed to the surrounding tissue by specific fibers, 
so that as the tissue becomes saturated with body 
fluid, the tension on the fibers increases leading 
to dilatation of the precapillaries and opening of 
the slits [1 , 2]. 

Near the skin, precollectors drain limited small 
regions, so-called lymphatic skin regions. Several 
precollectors, connected to one another in series, 
drain the lymph into the superficial skin collector. 
The skin regions drained in this manner together 
comprise a strip, called a lymphatic skin zone. The 
skin regions and skin zones overlap so that for 
every point on the skin there are several lymphatic 
drainage possibilities (Fig. 2.3.1), all in close prox
imity to one another. 

Lymphalic skin zone 

Superfoclal-+---:-"---t*,,11!111 
collector 

Fig. 2.3.1. Lymphatic drainage of the skin 
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Finally, several collectors form bundles or 
groups of collectors. The corresponding drainage 
areas are then named territories. Between these 
skin territories there are lymphatic watersheds 
which can be transgressed only by interterritorial 
anastomoses within the cutaneous network. 
Knowledge of these territories is of great impor
tance in the understanding and possible correction 
of lymphedema (Fig. 2.3.2) [3,4,5,6]. 

Fig. 2.3.2. Superficial lymphatic drainage territories of 
the trunk and proximal areas of the upper and lower 
extremities (afferent and efferent collaterals) 

the different types of lymph vessel distribution 
may be misleading. In serial examinations KUBIK 
described lymph vessel variations in the lower limb 
which play an important role in the development 
of iatrogenically induced lymphedema. Two prin
cipal types of lymphatic vessel distribution can be 
distinguished in the region of the anteromedial 
bundle: those with a very abundant, dense vascula
ture, and others with fewer lymphatic vessels 
(Fig. 2.3.3a) [3]. 

B. Anatomy 

I. Lymph Vessels of the Lower Extremity 

The lymph vessels vary greatly with respect to their 
course. Therefore, a schematic representation of 

Schematically, the lymph vessels of the lower 
limb can be subdivided into superficial and deep 
lymphatic networks. 
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The superficial lymphatic vessels form three 
large collector groups: 

a) The medial collectors. They follow the course 
of the greater saphenous vein and enter into 
the superficial inguinal lymph nodes in the re
gion of the inferior group. 

b) The anterolateral collectors. They ascend on the 
anterior aspect of the lower leg and on the anter
olateral side of the thigh. 

c) The dorsal collectors. They follow the course 
of the lesser saphenous vein and enter into the 
lymph nodes near the popliteal vein. 

R.G .H. Baumeister 

Fig. 2.3.3. a Main variations of lymphatic vessels of the 
anteromedial bundle in the lower extremity. b Types of 
distribution of lymphatic vessels of the cephalic bundle 
in the upper extremity 

Furthermore, the collectors of the gluteal region 
join the superficial inguinal lymph nodes. Also, 
short lymph vessels originating at the distal wall 
of the abdomen, the genital and perineal regions, 
and the anus enter the inguinal lymph nodes in 
a radial arrangement. 

The larger lymphatic ducts of the deep collec
tors usually run alongside the large vessels. The 
ducts, which follow the same course as the anterior 
tibial artery and vein, enter into the anterior tibial 
lymph nodes and from there transport the lymph 
fluid to the popliteal lymph nodes. This is also 
the end point of lymphatic collectors accompany
ing the posterior tibial and peroneal vessels. 

The efferent ducts follow the femoral vessels 
and enter into the deep inguinal lymph nodes. Ad
ditional drainage of the lower extremities is possi
ble through the obturator canal to the obturator 
lymph node and by lymphatic vessels along the 
sciatic nerve. These join the upper group of inter
nal iliac lymph nodes [7, 8, 9]. 

II. Lymph Vessels of the Upper Extremity 

In the region of the upper extremity, one can also 
distinguish between a superficial and a deep lym
phatic system. 

Commencing from the lymphatic network of 
the fingers and the hand, three lymphatic collector 
groups form at the level of the wrist : 

a) Medial collectors. They follow the basilic 
vein. Together with the vein, they penetrate the 
fascia and join the deep lymphatic ducts of the 
upper arm. The lymph fluid of this region is trans
ported to the lateral axillary lymph node group. 

b) Lateral collectors. They follow the cephalic 
vein, penetrating the infraclavicular fascia . They 
transport lymph fluid to the infraclavicular lymph 
nodes. Often additional lymph nodes may be 
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found in the deltopectoral fascia. There are two 
types of cephalic bundles (Fig. 2.3.3 b). In the long 
type the lymphatic fluid can flow from the radial 
side of the forearm to the cephalic bundle. In the 
short type, only the lateral portion of the upper 
arm is drained. 

If the lymphatic drainage is blocked at the axil
la, the ultimate size of the areas drained in the 
arm by bypassing the axillary lymph nodes will 
vary according to drainage type [5]. 

c) Lymph collectors which do not run parallel 
to the previously mentioned groups perforate the 
axillary fascia at the lower edge of the pectoralis 
major muscle. The lymph fluid drains into the lat
eral axillary lymph nodes. 

Principally, the deep lymphatic ducts also fol
low the large vessels in the upper extremity. They 
form collectors at the elbow which are in close 
contact with the brachial artery and vein. The 
lymph flows into the lateral axillary lymph nodes, 
where a connection to the superficial lymphatic 
network exists. 

ID. Lymph Vessels of the Pelvic Region 

The lymph vessels of the pelvic region are inter
rupted by the large lymph node groups which sur
round the large vessels. The external iliac lymph 
nodes form a lateral, medial, and intermediate 
chain. They are followed by the common iliac 
lymph nodes. Most of the lymph flows from the 
left medial group of these lymph nodes to the right 
medial group and, unlike the remaining lymphatic 
fluid, directly into the aortocaval lymph nodes 
which surround the abdominal aorta and inferior 
vena cava. They form lateral, pre-, and retrovascu
lar chains or groups. 

IV. Lymph Vessels of the Thorax 

In the thorax, one may distinguish between mural 
and visceral lymph node groups and their efferent 
ducts. 

a) Mural nodes and efferent ducts. Intercostal 
lymph nodes lie next to the spine and form two 
rows of nodes parallel to the thoracic duct. These 
function as collaterals if the thoracic duct is ob
structed. Efferent ducts of the uppermost nodes 
ascend to the right and left junction between the 
brachiocephalic vein and subclavian vein (venous 
angle). The efferent ducts of the middle nodes 
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enter directly into the thoracic duct. The lowest 
nodes form efferent ducts which run downward 
through the diaphragm. 

Parasternal nodes have efferent vessels which 
also ascend to both venous angles. 

The efferent ducts of the diaphragmatic lymph 
nodes lead to the anterior mediastinal, juxtaeso
phageal, and parasternal nodes. 

b) Visceral nodes and efferent ducts. The effer
ent ducts of all visceral lymph node groups, the 
regional nodes of the lung, the nodes of the hilus 
and bifurcation, the bilateral tracheobronchial 
chains, as well as the anterior and posterior me
diastinal nodes ascend to the upper aperture of 
the thorax. They form the bronchomediastinal ves
sels which extend to the right and left venous angle. 

V. Lymph Vessels of the Head and Neck 

The lymph of the head and neck is collected in 
two large drainage systems: the jugular lymph 
node chain, located near the internal jugular vein, 
and the juxta-accessory and supraclavicular lymph 
node chains. Together they form one main jugular 
duct at the base of the neck which, being joined 
by the infraclavicular and bronchomediastinal 
ducts, may form the right lymphatic duct or enter 
directly into the venous system at the venous an
gle. On the left side, the jugular trunk may join 
the thoracic duct or enter directly at the left venous 
angle. 

VI. Thoracic Duct 

The thoracic duct collects the lymphatic fluid of 
almost the whole body. Only the right arm, the 
right side of the head and neck, and the right side 
of the thorax are drained through the right lym
phatic duct. 

The course of the thoracic duct, from its origin 
beneath the diaphragm to its entry into the venous 
system, may vary considerably [7]. 

1. Normal Course 

The thoracic duct begins at the cisterna chyli at 
the level of the second to the third lumbar vertebra 
behind the aorta and between the crura of the dia
phragm. The cisterna chyli has the shape of a pea, 
bean, or pear. The thoracic duct passes through 
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Fig. 2.3.4. The central lymphatic drainage system 
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the diaphragm together with the aorta and con
tinues in the posterior mediastinum to the right 
side of the spine. It lies in front of the intercostal 
vessels in the prevertebral tissue. 

The thoracic duct changes its direction at the 
level at which it crosses the hemiazygos vein and 
passes behind the esophagus and the aorta. Some
times, it may ascend together with the vagus nerve. 
It joins the left subclavian artery above the aortic 
arch reaching at that site the upper aperture of 
the thorax. Sometimes, lymph nodes may be 
found. In the neck the thoracic duct curves to the 
front at the level of the seventh cervical vertebra 
and enters at the venous angle, the junction be
tween the internal jugular vein and the left subcla
vian vein. In this region the left bronchomediastin
al trunk and the left subclavian collectors join the 
thoracic duct. After receiving these vessels the 
thoracic duct widens to form an ampulla. Valves 
are often found at this site (Fig. 2.3.4). 

2. Variations 

The following variations are often found: a divi
sion of the cisterna chyli into two or three parts 
or a plexiform construction of the first segment 
of the thoracic duct. 

In some cases, the thoracic duct may exist as 
two vessels. The duct often separates into two 
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channels when it reaches the thoracic region. These 
run either apart from one another, or they have 
interconnections. These branches may then resem
ble a plexiform ramification of the thoracic duct. 
However, there is usually only one vessel present 
above the aortic arch. As it curves toward the ve
nous angle, the thoracic duct may separate into 
several channels which in part may cross each 
other, but they can reunite shortly before entering 
into the venous angle or enter separately in the 
vicinity of the venous angle. The curve may be 
missing, and the thoracic duct may enter into the 
veins alone or together with other vessels from 
below (Fig, 2.3.5). 

VII. Right Lymphatic Duct 

The right lymphatic duct lies on the right side deep 
in the neck, between the jugular vein and the sub
clavian vein. It collects all lymphatic vessels which 
do not enter the thoracic duct. These are chiefly 
the subclavicular, jugular, and bronchomediastinal 
trunks on the right side. The length of the right 
lymphatic duct measures about 8-15 mm. Numer
ous variations are also found at its venous junc
tion. Its tributaries can also enter directly into the 
subclavian vein, jugular vein, or brachiocephalic 
vein (Fig. 2.3.6a--c). 
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Fig. 2.3.6a-c. Variations of the lymphatic junctions at 
the right venous angle. a Entry of the tributaries into 
the right lymphatic duct. b Partial entry into the right 
lymphatic duct. c Separate entry of the tributaries near 
the right venous angle 
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Occlusive arterial disease is primarily a disease of 
the large transporting and distributive arteries. Es
sential for the development of clinical symptoms, 
however, are the effects of this disease on the mi
crocirculation, which must function with only a 
small fraction of normal perfusion pressure. All 
surgical measures of revascularization, whether by 
thromboendarterectomy or bypass grafting, aim 
at reestablishing normal perfusion pressure at the 
level of the arterioles [6, 12]. 

It is of crucial importance for tissues in the rest
ing state and during exercise that the blood be 
distributed to those regions within the microcircu
lation in accordance with the demand. "Demand
orientated blood distribution" means that the con
trolling mechanisms of the arterioles do not guide 
blood to those regions with the greatest conductiv
ity - the widest and shortest capillaries - but to 
all those areas where an increased oxygen supply 
is actually needed, e.g., in the longer, thinner capil
laries. Thus, the arterioles function as inlet or dis-

tributive valves of nutritive blood flow: Just like 
a valve they regulate the flow of blood under high 
pressure from the arteries to the capillaries. There
fore, it is most important for the correct function 
of blood supply distribution that the blood actual
ly has enough energy, i.e., circulatory pressure, at 
the level of the arterioles [5,10]. 

B. Energy Losses of Circulating Blood 
in Occlusive Arterial Disease 

The loss of energy of the blood from the ascending 
aorta to the arterioles may be demonstrated objec
tively by direct measurement of the fall in pressure. 
Flow resistance was introduced as a measure of 
energy loss within the entire circulatory system in 
analogy to Ohm's law. 

Pl-P2=RxQ 
PI - P 2 = Pressure gradient before 

and after the perfusion (1) 

Q = flow; R = flow resistance 

The decline in pressure from central to peripheral 
areas has two principal causes: 

I. Frictional Resistance to Blood Flow 
in Tubular Vessels 

This is defined by the Hagen - Poiseuille law: 

R=81J x L 
n: X'4 

(2) 

'1 = blood viscosity; L = length of vessel, , = radius 
of vessel 

II. Loss of Kinetic Energy 

The second reason for a drop in pressure is kinetic 
energy loss caused by inertia, turbulence, and ve-
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locity changes in blood flow at stenoses, bifurca
tions, and curves. The drop in pressure is propor
tional to the density of blood p and the square 
of the difference between both velocities Vi - V 2 . 

(3) 

Figure 3.1 shows that the pressure loss, the sum 
of friction, turbulence, inertia, pulse reflection, 
and flow diversion from the aorta to the arterioles 
is very low. Flow resistance of the aorta together 
with the large transporting and distributive arter
ies and their terminal branches, is less than 20% 
of the entire resistance. In contrast, the short arter
ioles, as inlet and distributive valves, constitute 
over 40% of the entire vascular resistance [5]. In 
healthy arteries, the main drop in pressure within 
the circulatory system happens at the arterioles. 
Thus, normally 

Rart ~ Rper (4) 
Rart = partial resistance of the aorta and large 

arteries 
Rper = resistance in the arterioles 

In occlusive arterial disease the conditions are re
versed: multiple narrowings and segmental vascu
lar occlusions increase resistance within stenotic 
or occluded transporting arteries to such an extent 
that the main pressure drop within the circulatory 

Transportong 
arleries 

Distributing 
artery 

Arteriotes 
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system occurs before the arterioles (Fig. 3.1). The 
arterioles react, dilating completely to cause a re
duction of resistance. Therefore, Rart may become 
much greater than the peripheral resistance Rper· 
In occlusive arterial disease, the following condi
tion is present: 

(5) 

The reason for the enormous drop in pressure 
along an occluded vascular segment is the diffi
culty of forming collaterals, which may take 
months or years to develop. Because of this dilata
tion, the arterioles cease functioning as distribu
tors or valves for the microcirculation. Blood dis
tribution is not oriented toward oxygen and nutri
tive demands, but is subject only to the laws of 
hydrodynamics. Blood flows to the shortest and 
widest capillaries. Local distribution within the mi
crocirculation is disturbed, leading to local tissue 
hypoxia. 

Figure 3.2 schematically illustrates these patho
genetic mechanisms in the lower limb: in a totally 
obstructed segment (superficial femoral artery) the 
blood flows exclusively through the collaterals, 
which take months or years to develop completely. 
The goal of all conservative measures is to acceler
ate the growth of collaterals and reduce collateral 
flow resistance. Surgical therapy is much more ef
fective because blood flow is completely restored 

Capillaries 

Fig. 3.1. Pressure distribu
tion within the circulatory 
system, starting at its central 
portion (transporting arter
ies) continuing to its 
peripheral portions all the 
way down to the capillaries 
in the case of undiseased 
vessels (solid line), and in 
occlusive arterial disease 
(broken line) . In healthy in
dividuals, the reduction of 
pressure (LlParJ and kinetic 
energy of the blood occurs 
at the level of the arterioles, 
which function as inlet 
valves to the microcircula
tion. In occlusive arterial 
disease, this pressure drop 
and energy loss happens 
along the course of the 
transporting arteries or col
laterals (LlPcoll) so that flow 
pressure at the arterial level 
is not adequate for microcir
culatory regulation 
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Fig. 3.2. Changes of flow re
sistances within the lower 
extremity due to obstruction 
of the superficial femoral ar
tery. The total resistance 
(RD) which the blood must 
overcome to reach the calf 
muscles is the sum of the 
collateral resistance (Res) 
and peripheral calf resis
tance (Rcw). If the forma
tion of collaterals is poor, 
Res may become the most 
important obstacle (Rcs~ 
Rcw), so that the flow ener
gy is insufficient in peripher
al regions of the calf muscle 

following endarterectomy or bypass grafting of the 
previously occluded segments. The technique and 
possible applications of endarterectomy and by
pass grafting are described on p. 78 ff. Hemodyn
amically, they both aim at reducing resistance 
(Raet ) to such an extent that an almost normal per
fusion pressure is restored peripheral to the recon
struction, and this is usually achieved in single
level occlusions. In multiple-level occlusions of the 
pelvic - thigh type, it must borne in mind be that 
the resistances of pelvic arteries (RJ), collateral cir
culation (RF + Rd, and calf (Rw) add up to a total 
resistance, because they are connected in series 

(6) 

The Hagen - Poiseuille law can also be applied 
using the frictional resistance of a stenosis. This 
resistance is directly proportional to the viscosity 
of the fluid, the length of the stenosis, and above 
all indirectly proportional to the fourth power of 
the radius of the stenosis: 

R = 81/ x L 
sten 11: X r 4 

(see reference 2). 

From a hemodynamic point of view in multiple
level occlusions, the stenosis with the smallest di
ameter must be removed in every case [11]. For 
example, if only RJ is reduced by thromboendarter
ectomy and RF remains unchanged (e.g., high 
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grade stenoses at the origin of the profunda femor
is artery), the mere reconstruction of pelvic arteries 
will not lead to improved blood flow in the calf. 
Conversely, a peripheral reconstruction will fail 
if a hemodynamically effective stenosis remains in 
the proximal vascular segment. It has been proved 
experimentally as well as clinically that an autolo
gous vein bypass constructed distal to a vascular 
stenosis shows a higher degree of thrombosis, ow
ing to the absence of pulsatile flow and to turbu
lence [7, 12]. 

Therefore, in multiple-level occlusions the prox
imal stenosis is always corrected first. 

C. Hemodynamics of Surgical 
Reconstruction 

I. Thromboendarterectomy 

Thromboendarterectomy is performed at the caro
tid bifurcation, in pelvic arteries as well as in the 
profunda femoris artery, and mainly in short oc
clusions or solitary stenoses (see p. 73 ff) . Bilateral 
long occlusions and multiple stenoses are more an 
indication for bypass grafting. A remaining distal 
intimal flap must always be fixed by an adequate 
additional suture. A longitudinal arteriotomy 
should not be sutured directly, but instead closed 
with a patch graft. Besides preventing narrowing 
at the suture site, the greater diameter of the vessel 
following patch angioplasty raises transmural 
pressure and increases the pressure against the inti
mal flap. Because of excessive neointima forma
tion with subsequent recurrent stenosis, occlusions 
of the superficial femoral artery are seldom cor
rected nowadays by thromboendarterectomy, but 
almost always by bypass grafting. 

II. Bypass Grafting 

Autologous saphenous veins as well as synthetic 
Dacron and Teflon materials are used in bypass 
grafts. Two basic principles should be kept in 
mind: (1) All bypass grafts show a higher flow 
resistance than undiseased arterial segments of the 
same length and caliber. (2) Independent of all 
technical details concerning anastomosis, anasto
motic angle, and dimensions of the graft, blood 
flow ultimately depends on the run-off in the vas-
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ctll'ar bed distal to the graft. Even a technically 
superb graft construction will develop thrombosis 
quickly if the run-off is obstructed by peripheral 
occlusions [7]. The only way to preserve patency 
in such a case is to construct a distal arteriovenous 
fistula (see p. 415). 

This does not increase the peripheral nutritive 
circulation in muscle or skin: however, it does 
cause a considerable increase in flow velocity with
in the graft, thus preventing early thrombotic ob
literation. 

The entire energy loss of the blood during its 
passage through the bypass graft results from a 
combination of the following forces: 

1. Frictional resistance 
811 xL 

R.ten = 1[; x r 4 
(see reference 2) 

2. Kinetic energy loss due to inertia caused by 
curvature of the vessel, turbulence, changes in 
flow velocity during in- and outflow from the 
prosthesis, as well as disturbance of streamline 
flow at the anastomotic angle (LJP=Kx t x v2 ). 

Depending upon the graft's position within the cir
culatory system (supra-aortic, pelvic, lower leg re
gion) as well as its dimensions, the frictional resis
tance may increase considerably (e.g., in pros
theses below the knee joint with diameters less 
than 4 mm). Also, the loss of kinetic energy may 
be greater for abrupt changes of diameter in the 
pelvic arteries. In every case, the energy loss 
through friction, as calculated by Poiseuille's law, 
is considered to be minimal because these kinetic 
energy losses are not taken into account in prac
tice. Therefore, the prosthesis is chosen on the one 
hand according to mathematical considerations 
and on the other according to instantaneous con
ditions within the circulatory system. Besides cer
tain qualities of wall structure, the practical re
quirements which a bypass graft must fulfill are 
highly contradictory from a physical point of view 
[2,3,4, 7, 8, 9]. On the one hand, frictional resis
tance should be as low as possible so that the pres
sure does not drop too much, but on the other 
hand, flow velocity should not be too low (danger 
of thrombosis). Kinetic energy losses through in
flow and outflow phenomena such as turbulence 
should be avoided. The anastomotic angle between 
the bypass graft and its parent artery should be 
as acute as possible in relation to the radius of 
the prosthesis. An additional difficulty consists in 
the different functional behavior of a prosthesis 
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at rest and during exercise. For example, in the 
pelvic region, where blood flow varies substantial
ly according to physical activity, a prosthesis 
might function superbly at rest, but lead to severe 
obstruction of blood flow during hyperemia under 
exercising conditions. The correct choice of the 
prosthetic diameter must always be the best com
promise between mathematical considerations and 
practical requirements. 

Thus, theoretically, the widest possible lumen 
should be used, since frictional resistance increases 
inversely with the fourth power of the radius (see 
Eq. 1). Furthermore, formation of pseudo- and 
neointima inside Dacron prostheses causes the ini
tial diameter to the reduced by about 1-1.5 mm; 
calculation shows that in an 8-mm prosthesis this 
degree of narrowing would produce a 216% in
crease in frictional resistance. On the other hand, 
if the diameter is too large, flow velocity, which 
is directly proportional to the second power of 
the radius, is significantly reduced [2]. 

(7) 

Calculations reveal that a 7-mm prosthesis has a 
flow velocity almost three times as high as that 
in a 12-mm prosthesis. On the other hand, with 
increased flow velocity the effects of outflow phe
nomena at the distal anastomosis are intensified 
when the bloodstream emerges from the narrow 
prosthesis into the wider artery. The energy loss 
(P) is proportional to the square of the difference 
in velocity (Vl -V2) 

K 
LJP=2" x p x (Vl - vz)2 (see reference 3). 

If the kinetic energy loss due to inflow and outflow 
phenomena is to be kept low, the prosthetic lumen 
at the upper anastomosis should be smaller than 
the lumen of the parent artery and the lumen at 
the distal anastomosis should be larger, because 
with such an arrangement there is less turbulence 
and less disturbance of the blood flow [2]. 

Therefore, an 8-10-mm Dacron bypass graft 
in occluded pelvic arteries is the best compromise 
between frictional resistance, flow velocity, and 
turbulence. Even if the whole internal surface of 
the prosthesis is narrowed by 1-1.5 mm through 
the formation of neointima, the frictional resis
tance in these arteries will not be too great. 

By contrast, resistance can be a very critical 
problem in femoropopliteal vein bypass grafts. 
The saphenous vein is 4-6 mm in diameter. Ac
cording to Poiseuille's equation [1] a graft 30 cm 
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long will cause a drop in pressure under resting 
conditions (100 ml/min) and during active hyper
emia (500 ml/min) of about 9 and 14 mmHg, re
spectively. A decrease in diameter of 3 mm pro
duces a fall in pressure at rest of 14 mmHg and 
during hyperemia a drop of as much as 44 mmHg. 
This means that the frictional resistance of a nar
row graft in the femoropopliteal segment can be 
just as high as in existing collaterals. Early graft 
thrombosis is inevitable. Therefore, the diameter 
of a femoropopliteal graft should never be smaller 
than 4 mm [12]. 

D. Technique of Anastomosis 

I. Angle in End-to-side Anastomoses 

In contrast to an end-to-end anastomosis, an end
to-side anastomosis causes energy losses due to 
kinetic and frictional forces which are proportion
al to the anastomotic angle (C() between bypass 
graft and parent artery, and the quotient of the 
radius of curvature (rk) and the prosthetic diame
ter (rp). 

AP", C( x rk/r p (8) 

Although the energy loss at the anastomotic angle 
is low, one may conclude that in practice an end
to-end anastomosis should be performed whenever 
possible, and in cases where an end-to-side anasto
mosis must be constructed the anastomotic angle 
should be as small as possible, e.g., less than 45°. 

ll. Configuration of the Anastomoses 

When attached obliquely by end-to-side anasto
mosis, a graft will be elliptical in cross-section. 
Such elliptical distortion of a cylinder whose longi
tudinal radius (ra) remains constant causes fric
tional resistance to increase as the transverse radi
us (rb) decreases. 

(9) 

The smallest frictional resistance is achieved when 
the transverse diameter of the elliptical anastomo
sis and the diameter of the cylindrical prosthesis 
are equal. Therefore, slanting the prosthesis, which 
is necessary to achieve an acute angle, should not 
be extended so far that narrowing of the transverse 
diameter takes place (Fig. 3.3). 
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Fig. 3.3a, b. The obliquely cut end-to-side anastomosis. 
Proper oblique tailoring changes the circular shape of 
the prosthetic orifice (diameter 1 em) to an elliptical 
shape with a longitudinal diameter of 2 cm and a trans
verse diameter of 1 cm at the anastomosis (a). Such an 
elliptical orifice has the same flow resistance as a circular 
prosthesis. However, if the anastomosis is too oblique, 
(b) and narrowing of the orifice changes the transverse 
radius from 1 em to 0.5 cm, flow resistance increases 
by a factor of 4.4 (after STRANDNESS and SUMNER [12]) 

ill. Special Characteristics of a Bifurcation 
Prosthesis 

In a bifurcation graft, an energy loss is produced 
either through friction or inertia. If an energy loss 
through frictional resistance is to be kept as low 
as possible, according to Poiseuille's law (see Eq. 
2), the quotient of the radii r21r1 =0.884, and then 
the quotient of the diameters is 2 A21 A 1 = 1.414. 

If, on the other hand, a change in velocity along 
the prosthetic segment must be avoided, then 
the relationship between both diameters must be 
(2 A2 =A 1), i.e., the ratio r21r1 =0.707. Finally, 
if maximal transmission of pulsatile energy is nec
essary, so that reflection of pulsatile waves is 
avoided, the inflow impedance (Zo) should be 
equal to the impedance of both tubes (Z1); but 
this is only achieved if the ratio of both radii r21 
r1 =0.758 (Fig. 3.4). 

The customary bifurcation prostheses with r 21 
r1 =0.5 and 2 A21A1 =0.5 are unfavorable be
cause: frictional resistance at the bifurcation is in
creased by a factor of 8, flow velocity is doubled, 
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a 

Fig. 3.4a-«l. Dimensions of bifurcation prostheses. The 
ratio of the radii of both limbs of the prosthesis to the 
proximal radius of the prosthesis may be designed from 
different points of view: If a change in velocity is to 
be avoided, the diameter of the prosthesis Al and both 
diameters of the legs of the prosthesis A2 must be equal 
(AI =2 A2). In such a case the ratio '2/rl =0.707 (b). 
If a drop in pressure caused by frictional resistance along 
the bifurcation must be prevented, then, according to 
the Hagen-Poiseuille law (see Eq. 2), the following di
mensions are necessary: '2/rl =0,884 and 2 A2/Al = 
1.414. b If the inflow impedances ZO/ZI are equal, the 
ratio r2/'1 =0.758 (a). Thus, the dimensions of the pros
theses commonly available (d), with the arbitrarily cho
sen ratio '2/rl =0.5, are not suited to the creation of 
acceptable hemodynamic conditions. Prostheses with 
wider branches (e.g., 16/12 mm instead of 16/8) would 
be much more favorable (c) 

and about 50% of the pulsatile energy is reflected 
upward, generating a higher amplitUde of pulsatile 
waves above the terminal aorta and thereby pro
ducing an additional strain on the upper row of 
sutures (see below). In terms of physics, the com
mon bifurcation prosthesis with r2 /r 1 =0.5 is 
therefore not ideal. A ratio of 0.7 to 0.75 is much 
more desirable (e.g., 16/12 mm instead of 16/ 
8 mm). The main problem is not the increased fric
tional resistance, since flow in the pelvic area is 
very high, but rather the reflection of pulsatile en
ergy upward, which might be a common cause of 
the frequent anastomotic aneurysms in this region 
[1,4,8,9]. 

E. Significance of the Run-off 

The blood volume which flows through a bypass 
graft during a given time interval depends on the 
resistance of the graft (RT ) as well as the resistance 
of the calf (Rw) 

(10) 
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The resistance of the calf consists not only of the 
peripheral resistance of the arterioles and capillar
ies, but also the resistance of run-off vessels, such 
as the popliteal artery and crural arteries; for ex
ample, if the run-off consists of only one single 
lower leg artery which may also have multiple sten
oses along its course, run-off resistance will be
come the most decisive factor influencing the func
tion of the entire graft. It has already been shown 
quite often that the patency rate of a femoropopli
teal or crural bypass is strongly dependent on 
blood flow at rest and during dilatation with Papa
verine [13]. This blood flow is again directly de
pendent on the patency of the lower leg arteries 
as demonstrated angiographically. The differences 
in flow through a graft are, however, always more 
distinct during hyperemia than under resting con
ditions. 

Thus, bypass grafting is only indicated if there 
is angiographic evidence that at least one lower 
leg artery is patent and the patient's clinical symp
toms are severe (stage III-IV). 

All other previously discussed aspects of graft 
resistance, - diameter, anastomotic angle, anasto
motic diameter, etc. - are less important than the 
initial anatomic situation of the grafted artery. 

F. Conclusions 

Each surgical revascularization aims at normaliz
ing perfusion pressure and blood distribution at 
the level of the microcirculation. Each bypass graft 
has a higher resistance and therefore causes a high
er loss in energy than undiseased arterial segments. 
This resistance is the sum of different factors: fric
tional resistance (graft radius and graft length) and 
kinetic energy loss through curvature of the graft, 
the anastomotic angle, the transverse radius of the 
anastomosis, turbulence due to abrupt caliber 
changes from the parent artery to the prosthesis 
and vice versa. Thus, a compromise must always 
be made when looking for the right prosthesis. 
At the upper anastomosis, the diameter of the 
prosthesis should be equal to or somewhat smaller 
than that of the parent artery, and at the lower 
anastomosis it should be equal to or greater than 
that of the parent artery. The anastomotic angle 
should be as small as possible, which means that 
the bypass prosthesis should branch off from and 
reenter the parent artery at the most acute angle 
possible. However, the slant of the orifice should 
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not be too great since, in an elliptical anastomosis, 
the transverse diameter should be equal to the di
ameter of the prosthesis. Nevertheless, all of the 
factors listed above concern only technical details. 
Ultimately, the decisive parameter of blood flow 
through a prosthesis is the patency of the run-off 
vessels which must be assessed preoperatively by 
angiography. 

REFERENCES 

1. Boughner DR, Roach MR (1971) Effect of low fre
quency vibration on the arterial wall. Circ Res 29 : 136 

2. Daugherty HJ, Franzini JB (1965) Steady flow of in
compressible fluids in pipes. In: Fluid mechanics with 
engineering applications, 6th edn. McGraw-Hill, New 
York, p 191 

3. Deweg F (1979) Fluid mechanics of arterial flow. Exp 
Med Bioi 115:55 

4. Ferguson GG, Roach MR (1972) Flow conditions 
at bifurcations as determined in glass models with 
reference to the focal distribution of vascular lesions. 
In: Bergel DH (ed) Cardiovascular fluid dynamics, 
vol 2. Academic Press, London, p 141 

45 

5. Green H, Rapela CE, Conrad MC (1963) Resistance 
and capacitance phenomena in terminal vascular 
beds. In: Hamilton WF, Dow Ph (eds) Handbook 
of physiology. Circulation, vol 2. Washington, DC, 
p 935 

6. Heberer G, Rau G, Lahr HH (1966) Aorta und 
groBe Arterien. Springer, Berlin Heidelberg New 
York, p 56ff 

7. Kaminski DL, Barner HB, Dorighi JA, Kaiser GC, 
Willman VL (1972) Femoropopliteal bypass graft
ing. Arch Surg 104: 527 

8. Newman DL, Bowden LR, Gosling RG, Wille SD 
(1972) Impedance of aortic bifurcation grafts. J Car
diovasc Surg 13: 175 

9. Newman DL, Gosling RG, Bowden NLR, King DH 
(1973) Pressure amplitude increase on unmatching 
the aortopunction of the dog. Cardiovasc Res 7: 6 

10. Spencer MP, Denison AB (1963) Pulsatile blood 
flow in the vascular system. In: Hamilton WF, Dow 
Ph (eds) Handbook of physiology. Circulation, vol 
2, Washington, p 839 

11. Strandness DE, Snmner DS (1977) The effect of ge
ometry on arterial blood flow. In: Strandness, 
Sumner (eds) Hemodynamics for surgeons. Grune 
& Stratton, New York, p 96 

12. Strandness DE, Sumner DS (1977) Grafts and graft
ing. In: Strandness, Sumner (eds) Hemodynamics 
for surgeons. Grune & Stratton, New York, p 342 

13. Terry HJ (1972) The electromagnetic measurement 
of blood flow during arterial surgery. Biomed Eng 
7:466 



4 Technique of Vascular Surgery 

E.-D. SCHWILDEN and R.J.A.M. VAN DONGEN 

CONTENTS 

A. Preparation of Patients for Vascular Surgery 47 

B. Standard Vascular Instruments and Technical 
Aids. . . . . . . . . . 48 

C. Vascular Suture Material . 52 

D. Vascular Exposure. 53 

E. Vascular Clamping 55 

F. Arterial Ligature . 55 

G. Arteriotomy . . . 56 

H. Suture Techniques . 57 
I. Common Suture Techniques 57 

II. Suture Techniques Without Graft 
Material . . . . . . . . . . . 59 

III. Suture Techniques with Graft Material. 62 

I. Tissue Glues in Vascular Surgery 67 

K. Vascular Staplers 68 

References. . . . . . . . . . . 69 

A. Preparation of Patients 
for Vascular Surgery 

The majority of patients are older and have multi
ple risk factors especially because of arteriosclero
sis. Therefore, the diagnosis and treatment of pos
sible risk factors and concomitant diseases is an 
essential aspect of routine preoperative preparation 
(see p. 99, 191). Coagulation parameters have to 
be checked and, if necessary, therapeutic measures 
initiated preoperatively, intraoperatively, and/or 
postoperatively (see p. 104). Preoperatively, one 
should also discuss any necessary prophylaxis 
against infection. In case of a previously existing 
infection, the aim of preoperative preparation 
should be to determine the optimal time for vascu
lar reconstruction (see p. 166). 

The number of blood units requested usually 
depends on the experience of the surgeon. They 
may consist of donor blood or the patient's own 
blood prepared by isovolemic hemodilution. 

The local preparation of the operative area 
should include a very much wider area than the 

operative field itself. The preparation of a possible 
site for the harvest of an autologous vein graft 
is also important. In cases of curved incisions or 
incisions across skinfolds, especially in the area 
of the groin, the incision should be marked, but 
not by scratching with a knife or a needle. For 
prophylaxis against infections in peripheral vascu
lar surgery, the leg, including the groin, should 
be wrapped in an antiseptic dressing with polyvi
nylpyrrolidone-iodine solution the evening before 
the operation. 

Preparation on the table should provide posi
tioning for an optimal operative approach (head
down position, semithoracotomy position). Care 
must be taken to prevent decubital ulcers in pa
tients with arteriosclerosis, especially in those with 
poor soft-tissue condition. The first critical area 
is the sacral region, especially in the presence of 
stenosis of iliac arteries or when the arterial blood 
supply to the pelvis is occluded for a significant 
time during the operation. Prophylaxis against de
cubitus may be achieved by placing a soft pillow 
underneath the patient or by means of a vacuum 
pillow. Use of an electric cushion may lead to 
burning of the skin because of the insufficient heat 
transport which can accompany interruption of 
the blood supply. Thermoregulated heating cush
ions or switching off the heating cushion during 
the time of occluded blood flow reduces these 
risks. The second critical point for intraoperative 
pressure sores is the heel. It should be protected 
routinely by a soft cushion or a cotton wool dress
ing. For intraoperative inspection of the foot, the 
operating table should be equipped with a suitable 
cushion at the site of the heel. 

Continuous draining of the bladder is necessary 
during longer operations and in all cases where 
a full bladder might possibly impede the surgical 
procedures. Drainage of the bladder should be 
through a suprapubic catheter because of the well 
known postoperative complications from trans
urethral catheters. A suprapubic catheter, how
ever, is contraindicated whenever a possible com-
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plication from the puncture might involve the area 
of vascular reconstruction. 

Draping of the operative field should include ad
jacent regions in case the operative procedure has 
to be extended. In other words, if complications 
arise, exposure of adjacent regions should be possi
ble without any further manipulation. For all re
constructions possibly requiring a vein graft, the 
region chosen for removal of the graft should also 
be draped. A vein patch should only be removed 
from the region of the ankle. Total vein segments 
for short interposition or bypass are best removed 
from the inguinal region. When performing an in
guinal incision, special care must be taken in drap
ing the genital area. In case of a unilateral inguinal 
approach, the scrotum and penis should be fixed 
at the contralateral thigh using a sterile double 
gauze pad with an adhesive. Whenever it is ex
pected that the drapes might become soaked with 
fluid or blood, a water-resistant adhesive plastic 
material should be placed beneath the drapes. This 
adhesive plastic also protects the operative field 
from skin pockets due to fat or kinking. The gauze 
pads, which should always be double, will be fixed 
either by clamps or by the adhesive plastic used 
for skin draping. During the operation it may be 
wise to palpate the distal arteries for immediate 

a 

b 

Fig. 4.1 a, b. Possibilities for intraoperative control of 
the circulation by wrapping the foot with a transparent 
sterile plastic sac (a) or by inspection from the end of 
the operative table (b) 
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recognition of thromboembolic complications. 
Figure 4.1 a, b illustrates two possibilities for intra
operative control of circulation in the lower ex
tremity. 

B. Standard Vascular Instruments 
and Technical Aids 

During vascular reconstruction, the risk of dam
age by unsuitable instruments or by their inappro
priate use is especially high. Therefore, special in
struments for vascular surgery are indispensable. 
There are two requirements which must be full
filled by the instruments : function and optimal 
safety. 

One of the first requirements for sound tech
nique in vascular surgery is wide exposure of the 
operative field, allowing quick and precise recon
struction. For good exposure there are numerous 

Fig. 4.2. Atraumatic jaw profiles of vascular forceps 

a t b 

Fig. 4.3a-e. Scissors for vascular dissection (a) and for 
arteriotomy (b, c) 
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Fig. 4.4a-c. Jaw profiles of atraumatic vascular clamps 

and multiform retractors on the market. A suitable 
assortment of various models, properly used, can 
greatly facilitate both the operative approach and 
the intraoperative manipulations. 

The forceps for dissection of vessels should 
have different lengths because of the different 
depths of the operative field. The jaws should not 
traumatize the tissue, but they should grip it firmly 
and not let it slip. These features are best guaran
teed by the jaw profiles shown in Fig. 4.2. 

Vascular scissors should also be available in dif
ferent lengths. The scissors should allow the sur
geon to palpate the quality of the dissected tissue 
as with an extended finger. This may be achieved 
by rounded, slightly curved, and smoothly sliding 
blades (Fig. 4.3 a). A model with a counter curve 
may be of advantage in a deep operative field. 
Scissors with various angles (Fig. 4.3 b, c) are used 

a b d 

Fig. 4.5a-g. Common types of vascular clamps with var
ious branches and handles 
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for extension of arteriotomies and for partial inci
sion of vessel walls. 

Putting a band around a vessel is best per
formed with a moistened rubber catheter or silastic 
loops, the latter being available commercially. 

Vascular clamps for temporary occlusion of 
blood flow should fulfill the following require
ments: First, that they grip the vessel with absolute 
safety and with minimal trauma. Longitudinal and 
transverse rows of fine serrations, or teeth, on the 
inside (Fig. 4.4a) usually guarantee a firm grip and 
prevent slipping and the possibly disastrous conse
quences. The model devised by DARDIK is especial
ly atraumatic because the serration is extremely 
flat and a firm grip is assured by an additional 
row of teeth (Fig. 4.4 b). Clamps with a soft re
movable jaw profile (Fig. 4.4c) may be of great 
value for clamping extremely arteriosclerotic ves
sels. 

The second requirement is a sufficiently long 
lock, allowing soft closure of the clamp and a 
stepwise, pressure-adapted release of the blood 
flow. 

The third requirement, finally, is variety in the 
form and length of the handle and branches of 
the clamps. Such an assortment (Fig. 4.5) allows 
the surgeon to choose a clamp specifically suited 
to the particular operative approach and situs. 

g 
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b 

Fig. 4.6a-d. Atraumatic bulldog clamps with various 
clamping mechanisms 

d 

b 
a c 

Fig. 4.7a--e. Instruments for open and semiclosed throm
boendarterectomy 

a 
d 

Fig. 4.8a-d. Intraoperative use of vascular olives 
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For cross-clamping smaller vessels, straight or 
curved so-called bulldog clamps of various sizes 
are preferred (Fig. 4.6). The clamping pressure is 
imparted by the elasticity of the metal (Fig. 4.6a), 
by a coil spring (Fig. 4.6b), or by a circular rubber 
band (Fig. 4.6c), depending on the model. 

Those with adjustable springs are especially 
atraumatic (Fig. 4.6d). The pressure of the clamp 
should be chosen so that compression is extremely 
soft, just enough to occlude the vessel. In order 
to prevent a suture from being caught in the 
spring, the latter can be covered by a plastic cap 
made out of an infusion line (Fig. 4.6d). 

The instruments shown in Fig. 4.7 are used for 
open and semiclosed thromboendarterectomy; 
e.g., scalpel, scissors, sharp spoon, spatula, and 
a set of ring strippers of various sizes. A stripper 
with an oval-shaped ring facilitates the dissection. 

Vascular olives of various sizes (Fig. 4.8 a) may 
be used as dilators (Fig. 4.8 b), for intraoperative 
intraluminal control of anastomoses (Fig. 4.8c) or 
as a guide when suturing a small defect in a vessel 
wall or a graft (Fig. 4.8 d). They may also be used 
for intraluminal occlusion (see p. 55). 

Balloon-tipped catheters (Fig. 4.9 a) of various 
sizes are important instruments for indirect thromb
ectomy and embolectomy. Older or partially ad
herent material may well be removed with an uro
logic Dormia catheter (Fig. 4.9b). Balloon-tipped 
catheters equipped with a lock may also be used 
for intraluminal occlusion (see p. 175,241). 

The requirements of a vascular needle holder 
are, first, not to damage the curve of the very fine 
vascular needles and, second, to avoid twisting of 
the needle in the jaws of the needle holder. A very 
finely profiled short jaw made of hard metal 
(Fig. 4.10) best guarantees these features. 

a b 
Fig. 4.9a, b. Catheters for indirect thrombectomy and 
embolectomy 
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Alliong the technical aids not usually found 
among the standard vascular instruments, but of 
great importance under certain circumstances, are 
the so-called temporary bypasses. They are used 
for the reconstruction of vessels for which the cir
culatory area tolerates only a brief interruption 
of the blood flow (e.g., carotid artery). In traumat
ic vascular surgery such bypasses are used for tem
porary restoration of the circulation whenever re
construction takes longer or another procedure 
has priority, or to avoid possible severe ischemic 
damage during the transport of a patient to a spe
cialized center. 

In emergency cases, a plastic tube of appro
priate size made out of an infusion line may be 
used as an intraluminal shunt for the carotid artery 
or for arteries of the extremities. Commercially 
available shunts of various lengths and diameters 
lie either completely within the lumen, as so-called 
inlying shunts (Fig. 4.11 a), or partially outside the 
vessel, forming a circle (Fig. 4.11 b) or an omega 
loop (Fig. 4.11 c), so-called outlying shunts. They 
facilitate intraluminal manipulations at the site of 
the arteriotomy. Kinking of shunt loops is avoided 
by spirals within the shunt wall. The shunt ends 
are rounded and thickened. 

The sealing and the shunt fixation within the 
vessel is performed either by a tourniquet 
(Fig. 4.12a, b) or by a special clamp (Fig. 4.12c). 
Newer shunts are equipped with inflatable bal
loons or cuffs at the tip, which will interrupt the 
blood flow and simultaneously fix the shunt within 
the vessel (Fig. 4.13). This obviates the need for 
a clamp or a tourniquet, which may traumatize 
the vessel wall. To avoid intraoperative throm
boembolic complications the shunts may be rinsed 
or perfused continuously via an additional line. 

a b 

Fig. 4.Ua-c. Intraluminal shunts 

Fig. 4.12a-c. Methods of shunt fixation 

Fig. 4.10. F6rm and jaw profile of a vascular needle holder Fig. 4.13. Shunt with intraluminal balloon fixation 
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This also allows application of drugs and perhaps 
injection of contrast medium for angiography. 

In emergencies or elective operations at the de
scending aorta or at the innominate artery (trau
ma, aneurysm) a so-called Gott shunt in the form 
of an aortoaortic, aortofemoral, or aortobrachio
cephalic shunt may be used as an alternative to 
simple cross-clamping or extracorporeal circula
tion. The material is PVC. Its inner surface is coat
ed with a heparin complex, providing an anti
thrombogenic surface. The shunt is inserted into 
the vessel through an arteriotomy. 

c. Vascular Suture Material 

The suture material for vascular surgery has to 
withstand the same hemodynamic forces as the re
constructed vessel itself. It should be inert to avoid 
infections. A high tensile strength and elasticity 
should be guaranteed. Simultaneously, the suture 
must glide well, and the knot must stay tight. The 
quality of the suture is dependent upon the materi
al, the structure, and the size of the suture materi
al. 

The use of absorbable suture material, so-called 
temporary sutures, is still in its experimental 
phase. Absorbable material may only be used for 
suturing autogenous material, as only the suture 
of living vessels will heal without support by per
manent sutures. 

The basic material of absorbable sutures is hy
drolyzable and consists of polyglycolic acid or 
polyglactin in the case of braided material. These 
materials are not suitable for vascular surgery be
cause of their rapid absorption and consequent 
rapid loss of tensile strength and their braided 
structure. With the development in 1981 of the 
aliphatic polyester, polydioxanon, a synthetic 
monofilament absorbable material became avail
able which, because of its significantly lower ab
sorption rate and the smaller resulting loss of ten
sile strength, opens up new prospects for the fu
ture. These prospects include an increase of vascu
lar anastomosis in children and the possibility of 
more favorable results in cases of sepsis. 

In the majority of vascular reconstructions, the 
long-term safety of the suture depends on the 
strength of the suture material. Therefore, nonab
sorbable suture is the material of choice. The ma
jor de~elopment among the so-called permanent 
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suture materials is the monofilament polypropy
lene or polybutylene suture. Its ease of penetration 
and its high tensile strength enables smooth pene
tration through each tissue and therefore signifi
cantly reduces suture hole bleeding. Furthermore, 
this material allows one to tighten an already loose 
running suture, the so-called distance suture tech
nique, without difficulty (see p. 61). This technique 
may be used, for instance, for difficult posterior 
wall sutures or after removal of intraluminal 
shunts. Its biologic inertness and extremely mini
mal foreign body reaction as well as the fact that 
it does not act as a wick, provide some resistance 
to bacterial contamination. One drawback is its 
low resistance to mechanical damage, for instance, 
by forceps or clamps, with the risk of suture dis
ruption. Another disadvantage is its elasticity, of
ten resulting in loops and kinking. The knot is 
relatively unsafe because of the ease of gliding. 
Security may be ensured by a sufficient number 
of knots (5-7) and an exact technique of knotting. 

The braided nonabsorbable suture mostly con
sists of polyester made of high quality Dacron. 
The disadvantage of this suture is that it does not 
penetrate smoothly through the tissue. This" saw
ing" effect is intensified by dried blood. Further
more, its ability to act as a wick may favor infec
tions. An additional outer coating of the thread 
significantly reduces these disadvantages. 

The size of the suture to be used is dependent 
on the size of the vessel and the condition of the 
vessel wall. The scheme in Table 4.1 may give a 
frame of reference for choosing the size of suture 
for the various vascular regions. The sutures are 

Table 4.1. Suture size designations commonly used in 
various vascular regions according to the old conven
tional classification of the United States Pharmacopoeia 
(USP) and according to the classification of the new 
European Pharmacopoeia (ph. Eur.). The latter is metric 
and gives the suture diameter as 1/10 mm 

Vascular region 

Thoracic aorta 

Abdominal aorta, aortic branches 

Iliac artery 

Femoral artery, brachial artery 

Carotid bifurcation, renal 
artery, visceral artery, lower 
extremity artery, forearm artery 

Suture diameter 

USP Ph. Eur. 

3--0 2 

4-0 1.5 

5--0 

6-0 0.7 

7--0 0.5 
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swaged onto atraumatic, usually circular needles. 
Different sizes may facilitate the suture technique 
in various situations. A special configuration or 
serration of the body of the needle and a trocarlike 
piercing tip guarantee a secure seating for the nee
dle holder and atraumatic penetration of the nee
dle through the vascular wall, especially in vessels 
with extreme calcification or scars. Sometimes 
double-armed sutures may be advantageous. 

D. Vascular Exposure 

The exposure of a vessel requires exact anatomic 
knowledge and a subtile operative technique. First, 
an incision of the vascular sheet is performed over 

Fig. 4.14. Beginning the exposure of the vessel by longi
tudinal incision of the periadventitial tissue and subse
quent isolation of the vessel in all directions 

Fig. 4.15. Technique of temporary occlusion of branches 
by a tourniquet 
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the anterior wall of the artery, which usually has 
no branches. 

Dissection continues by removing the periad
ventitial tissue, staying close to the arterial wall 
and proceeding proximally and distally on both 
sides (Fig. 4.14). The dissection is easier if both 
the surrounding tissue and the adventitia of the 
vessel are picked up and traction is applied gently 
to each. The vessel wall itself has to be handled 
with maximal care, and squeezing by forceps has 
to be avoided. This dissection may be difficult 
whenever endangitis has caused inflammatory re
actions, when hematomas following angiography, 
old trauma, or previous operations have caused 
fibrotic reactions, and also in the case of aneu
rysms, which usually adhere to the surrounding 
structures, especially the vein. 

When dissecting the artery, especially laterally, 
each string should be considered as a possible 
branch of the artery and should be preserved. Tem
porary occlusion of such small branches is per
formed by so-called tourniquets (Fig. 4.15) and 
controlled by the weight of a hemostat. If there 
is a branch at the posterior wall of the vessel and 
exposure is difficult the technique of "blind dou
ble-encircling at a distance" (Fig. 4.16) is useful. 
This will avoid damage to the branch. Following 
sufficient dissection of the artery at both sides, 
the dissection clamp is passed underneath the ves
sel and a tape is placed around it. When using 

Fig. 4.16. Technique of "blind 
double-encircling at a distance" 
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this procedure, special attention must be paid to 
the posterior collaterals, and the approach should 
always be from the side next to the vein (Fig. 4.17). 

In this way, inadvertent injury to a posterior 
branch or to the major vein can be avoided. Pass
ing the tape around the vessel is best performed 
by using a moistened rubber catheter or the so
called vessel loops that are commercially available. 
Simple sutures or textile tapes are not recom
mended because of the danger of cutting into the 
vessel wall or the possibility of twisting the vessel 
and possibly causing fracture of a plaque. The first 
dissection of a major vessel should be performed 
proximally in the area of intended vessel occlusion. 
This area, as well as the distal tape around the 
major artery, should be sufficiently far from the 
segment to be reconstructed or from the site of 
the anastomosis to insure that the later occlusion 
will not impair the reconstruction. In case of bleed
ing during the distal dissection, blood loss is di
minished by traction on the proximal tape or by 
clamping with a hemostat. As in the case of major 
arteries a tape is also put around larger branches 
or bifurcations, and they are prepared for cross
clamping. During this procedure, the proximal and 
distal tapes around the major artery may be care
fully drawn upward, allowing one to encircle the 
branch much more easily (Fig. 4.18). If the expo
sure of a branch is difficult, the tape may be passed 
around "blind at a distance. " 

In case of inadvertent injury to a small arterial 
branch or to small veins, a ligation, or suture liga
tion, is called for. Care should be taken not to 
cause a purse-string effect or to leave a stump that 
might lead to local thrombosis (Fig. 4.19). 

When a tributary is torn out of the major vessel, 
the lesion is closed by interrupted sutures 
(Fig. 4.20a) or by an atraumatic suture ligature 
(Fig. 4.20b). Lesions of the major artery or larger 
branches, as well as lesions of the concomitant 
major vein, must be corrected by vascular suture 
under good visibility. One should beware of blind 
suture or blind clamping. The bleeding site should 
be occluded with the finger or a cotton applicator; 
efferent and afferent arteries should then be iso
lated and clamped; finally, after complete hemo
stasis, the lesion of the vessel wall should be prop
erly sutured. In case of injuries to the vein, com
pression of the vein distally and proximally by 
means of a cotton applicator will usually stop the 
bleeding and provide sufficient exposure. 
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Fig. 4.17. Technique of passing a tape around the major 
artery, approaching from the venous side with a dissect
ing clamp 

Fig. 4.18. Technique of passing a tape around major 
arterial branches or bifurcations 

a 

c ~~~~~ 
Fig. 4.19a-c. Correct (a) and wrong (b, c) suture ligation 
of arterial branches 

". a b ~~~~~ 

Fig. 4.20a, b. Techniques of hemostasis of arterial 
branches after lesions or evulsions 
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E. Vascular Clamping 

A requirement for an optimal vascular suture is 
complete hemostasis by temporary occlusion of 
the blood flow. Of utmost importance is the avoid
ance of additional lesions, i.e. , lesions of the intima 
that might result from repeated or otherwise un
necessary manipulation. Occlusion of the blood 
flow can be achieved by various techniques: 

1. Partial tangential clamping (Fig. 4.21). This 
is done using appropriate vascular clamps. Except 
for anastomoses of the ascending aorta, the aortic 
arch, and perhaps the descending aorta, there is 
hardly a situation where a complete occlusion of 

Fig. 4.21. Partial tangential clamping of the vessel by 
a Satin sky clamp 

~ig. 4.22 .. Correct a~d wrong technique for cross-clamp
mg a partially artenosclerotic vessel 

Fig. ~.23 .. Technique of occluding the blood flow by a 
combmatlOn of cross-clamping and intraluminal balloon 
or olive occlusion 
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the blood flow will not be tolerated for the period 
of reconstruction. Tangential clamping is still fre
quently performed for an end-to-side anastomosis 
at the abdominal aorta and carries the risk that 
the often significantly sclerotic intima will be in
jured and dissected by the clamp. Another disad
vantage is the difficulty of exposing the vessel lu
men owing to the compressed vessel walls. This 
may complicate a correct suture technique, 
especially as regards the spacing of the stitches. 
Furthermore, there is the danger that the clamp 
may slip. 

2. Cross-clamping. The advantage of this tech
nique is that it can be used at each site and pro
vides a sufficient exposure of the vascular segment 
to be reconstructed. The risk of injury to the vessel 
wall is less when the clamp is placed at a site free 
of arteriosclerosis. But since this is seldom the 
case, placement of the clamp must be appropriate 
to the pathology of the arterial wall. This means 
that the soft part of the arterial wall should be 
pressed against the arteriosclerotic part so that the 
plaque will not be fractured (Fig. 4.22). 

3. Intraluminal occlusion (Fig. 4.23). This may 
be performed by balloon-tipped catheters or olives 
of appropriate sizes. In emergency cases, a simple 
Foley urinary catheter may also be used. Intralu
minal occlusion is recommended: (1) for thin ves
sel walls which may easily be injured by clamps, 
for instance following open endarterectomy, (2) 
in case of difficult and time-consuming or risky 
dissection for cross-clamping, for instance in re
peat operations or inflammatory conditions, (3) 
III the case of unexpected bleeding, when dissection 
for cross-clamping requires a cost-significant 
amount of time and would therefore cause great 
blood loss. 

F. Arterial Ligature 

Because of the severe consequences of a slipped 
ligature, the ligation should be done in such a way 
that slipping is virtually impossible. Furthermore, 
because of the danger of cutting through the ar
tery, the ligature should not be placed in the 
groove left by a clamp and should be tied slowly 
and carefully. 

Because of these risks, smaller arteries should 
be tied by suture ligature. Middle-sized arteries 
are ligated twice; here the central ligature, which 
is a suture ligature, secures the peripheral ligation 
(Fig. 4.24a). 
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Fig. 4.24a-d. Arterial ligature technique 

When ligating a bifurcation, a small remaining 
bridge of the bifurcation will prevent the ligature 
from slipping off (Fig. 4.24b). If the lumen of the 
artery is wide, both ends are closed by a two-layer 
continuous suture (Fig. 4.24c) or by a two-layer 
horizontal mattress suture (see p. 338). If the 
stump is rather short, or if there is a danger that 
the clamp may slip off, this risk can be met by 
stepwise division and suture (Fig. 4.24d). 

G. Arteriotomy 

Arteriotomy may be performed longitudinally or 
transversely. A longitudinal arteriotomy can al
ways be employed. The indication for a transverse 
incision, however, is restricted mainly to indirect 
embolectomies in healthy vessels. Its advantage is 
that it can be closed by direct suture, without a 
time-consuming patch graft. But it can also lead 
to problems: for one thing, exposure of the lumen, 
particularly in small vessels, is difficult; further
more, in case of local complications, e.g., dissec
tion of the intima or loosening of a plaque, consid
erable difficulties can result from the need to ex
tend the incision for an endarterectomy or a by
pass. The area of the arteriotomy itself should be 
free of adventitia, as it may cause difficulties for 
exact placement of the stitches or incisions. The 
arteriotomy is facilitated if the vascular segment 
is filled with blood. 
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a 

Fig. 4.25a, b. Technique of stitch incision of the vessel 
by scalpel and its extension with angled vascular scissors 

When the blood flow has been interrupted, the 
segment may be filled by transmural injection of 
heparinized saline solution. 

The arteriotomy is initiated by an incision using 
a scalpel with the blade upward. The direction of 
the incision should be away from the surgeon 
(Fig. 4.2Sa). In this way, injury to the posterior 
wall of the vessel may be avoided. It is important 
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to know that the incision should be performed 
at right angles through all layers to prevent dissec
tion. The extension of the incision is made by an
gled scissors. The blade of the scissors inside the 
vessel (especially arteriosclerotic vessels) should 
not leave the lumen throughout the entire length 
of the incision in order to avoid dissection 
(Fig. 4.25 b). 

H. Suture Techniques 

I. Common Suture Techniques 

The basic principle of every functional intact su
ture should be that both vessel ends are exactly 
approximated in such a way that no leakage occurs 
and the patency of the lumen is guaranteed. This 
is achieved by eversion of the vessel wall with inti
ma-to-intima approximation. The following tech
niques may be used: 

1. The continuous over-and-over suture 
(Fig. 4.26a). This is the standard method and 
may be used for any reconstruction. 

2. The interrupted suture (Fig. 4.26b). This is in-
dicated for circular end-to-end anastomosis of 
smaller vessels and for arterial sutures in young 
patients, as it allows the anastomosis to grow. 
Disadvantages are possible bleeding between 
stitches and time-consuming knotting. 

3. The interrupted horizontal mattress suture 
(Fig.4.26c). Advantages are strength and ab
sence of leakage owing to the broad intima-to
intima approximation. This suture is therefore 
recommended for great arteries near the heart. 
One disadvantage is the danger of a purse
string effect, especially in the case of a circular 
anastomosis of smaller vessels. 

4. The continuous horizontal mattress suture 
(Fig. 4.26d). This has the same advantages and 
disadvantages as the interrupted horizontal 
mattress suture. If the suture line is not secure, 
a second anastomotic layer may be called for. 
The second layer will be a simple continuous 
suture, grasping only the everted rim of the first 
layer (Fig. 4.26e). 

5. Noneverting, trans luminal suture (Fig. 4.27). 
This is used mainly if the operative field is rath
er deep and the exposure of the posterior wall 
for an end-to-end or end-to-side anastomosis 

a 

c 

e 

Fig. 4.26a-e. Suture techniques in vascular surgery 

is difficult. Fig. 4.27. Noneverting transluminal suture technique 
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Fig. 4.28a-c. Technique for passing a suture through 
the vessel wall using a needle holder and forceps (a) 
the needle is grasped and partially pulled through by 
a forceps (b), and correct positioning of the needle holder 
for the next suture (c) 

For any vascular suture, the following technical 
details have to be considered, as they may decide 
the success or failure of a vascular reconstruction. 
As instruments for vascular suture, only a needle 
holder and a forceps should be used. Unnecessary 
corrections of the needle within the needle holder 
or grasping the needle by the finger should be 
avoided. The technique with needle holder and for
ceps is demonstrated in Fig. 4.28. The use of the 
needle holder by itself is shown in Fig. 4.29. 

The direction of the needle through the vascular 
wall should be performed in accordance with its 
curvature. Any other manipulations significantly 
enlarge the stitch hole. An exact right-angled pas
sage through all layers and without distortion of 
the needle is best performed when the tip of the 
needle holder is placed in the middle of the needle. 
Passage may be facilitated by traction on or press
ing against the appropriate wall. Traction should 
only be applied to the adventitia (Fig.4.30a). 
Grasping the whole wall may cause lesions of the 
endothelium, dissection of plaques, or rupture of 
the intima (Fig. 4.30b). Pressure against the wall 
should only be applied with a closed forceps 
against the direction of the stitch (Fig. 4.30c). 

The direction of the suture is dependent upon 
the condition of the arterial wall, the reconstruc
tion, and the suture material. The following facts 
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Fig. 4.29a-c. Technique for passing a suture through 
the vessel wall using a needle holder alone (a), the needle 
is grasped and partially pulled through by the reposi
tioned needle holder (b), and correct positioning of the 
needle holder for the following suture (c) 

should be taken into consideration: In arterioscler
otic vessels penetration from the outside into the 
lumen may cause dissection of plaques or intima 
(Fig. 4.31 a). 

When using autologous venous material the ad
ventitia of the vein may be dragged into the suture 
hole (Fig. 4.31 b). This is even more likely to result 
where braided suture material is used. With an 
eye toward this phenomenon, the following tech
nique, adapted to local pathology, is recom
mended: 

1. When suturing alloplastic material and artery, 
the direction of the suture should always be 

. from the prosthesis toward the artery and con
sequently from the inside of the artery out. 

2. When suturing vein and artery, the suture direc
tion should be from the artery to the vein, 
which usually presents no problems following 
endarterectomy. If the risk of possible dissec
tion of the intima or plaque seems too high, 
even when applying pressure from inside with 
closed forceps, then the direction of the stitch 
should be the reverse, from the vein to the ar
tery. In such cases only a monofilament smooth 
suture should be used, so as to reduce the risk 
of dragging adventitial tissue into the anasto
mosis. 
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Fig. 4.30a--c. Correct (a, c) and incorrect (b) ways of 
passing a suture through the vessel wall 

The suture should not be grasped by instruments, 
but by the fingers, and should be kept at a right 
angle to the vascular wall (Fig. 4.32a). In this way, 
one avoids enlarging the stitch hole or even tearing 
the wall (Fig.4.32b). The suture itself is kept 
under elastic tension. If it is too loose, bleeding 
between the sutures may occur. On the other hand, 
too much tension may cause tears or stenoses. The 
exact placement of the suture loop during a run
ning suture is performed by a closed forceps 
(Fig. 4.33a). If a loop is placed incorrectly, it can 
be loosened with the back of a needle and replaced 
correctly again using the closed forceps 
(Fig. 4.33 b). If the suture is grasped by a forceps, 
it may be damaged, leading to a break in the suture 
and bleeding from the anastomosis (Fig. 4.33c). 

a b 

Fig. 4.3la, b. Potential hazard to (a) artery and (b) vein 
placing a suture from the outside in 

59 

a b 

Fig. 4.32a, b. Correct (a) and incorrect (b) direction of 
the suture 

Fig. 4.33a--c. Right and wrong technique for placement 
and correction of a suture loop 

II. Suture Techniques Without Graft Material 

The direct suture of the vessel may be used for 
closure of an arteriotomy; it can also be employed 
following tangential resection of aneurysms and 
for certain types of injuries, as well as for numer
ous anastomotic techniques. All of the different 
suture techniques may be applied, depending upon 
the size of the vessel and the local condition of 
the arterial wall. 

1. Direct Closure of the Arteriotomy 

Closure of a transverse arteriotomy is carried 
out using either a row of interrupted sutures 
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Fig. 4.34a, b. Suture techniques for closure of a trans
verse arteriotomy 

Fig. 4.35. Technique of closure of a longitudinal arterio
tomy 

(Fig. 4.34a) or an everting continuous suture 
(Fig. 4.34 b). lfthe continuous suture is pulled too 
tightly, a purse-string effect, narrowing the lumen, 
may occur. Therefore, gentle tension should be ap
plied to the sutures by pulling each strand of the 
suture in opposite directions. In order to avoid 
kinking at the closure, the edges should be grasped 
as little as possible, especially those of smaller ves
sels. This may often be impossible because of path
ologically altered vessel walls. In this case, a trans
verse arteriotomy and suture of the small vessels 
should be avoided. Everting mattress sutures ag
gravate such stenoses and therefore should only 
be used for closure of transverse arteriotomies of 
great vessels close to the heart. 

Direct closure of a longitudinal arteriotomy is 
usually performed with a continuous over-and
over suture. But first a suture must be placed at 
each corner and gentle traction should be applied 
(Fig. 4.35). An "hourglass constriction" created 
by this suture line is unavoidable, even in healthy 
vessels and with subtile technique. The resulting 
hemodynamic properties are directly related to the 
size of the vessel. This risk is even greater where, 
in the presence of arteriosclerosis or following end
arterectomy, bigger" bites" of the vessel wall have 
to be taken, and it is not reduced significantly 
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when the suture is performed using an olive or 
a temporary inlying shunt. Therefore, the closure 
of the arteriotomy of small and middle-sized ves
sels should usually be done using a patch graft 
(see p. 62). In view of its disadvantages, a direct 
suture should be used only if there is a high risk 
of infection, a necessarily short operation time, 
or the likelihood of impaired healing of the graft. 

2. Direct Anastomotic Techniques 

a) End-to-end Anastomosis. A direct end-to-end 
anastomosis is indicated for traumatic or complete 
iatrogenic vascular transsection, resections of a 
short stenosis or of elongated vessels, and possibly 
for some types of dialysis shunts. The end-to-end 
anastomosis of large arteries is done using a cir
cumferential suture. The two ends are cut trans
versely (Fig. 4.36a). The anastomosis of small or 
middle-sized vessels should be S-shaped (Fig. 
4.36 b) to achieve a larger diameter and to avoid 
a stenosis. 

The diameter of the anastomosis will be the 
greater the more obliquely the vessel is cut and 
the suture placed. If the lumina of the segments 
are not equal, adaptation may be achieved by bev
eling the segments differently, by leaving larger 
intervals between sutures on the larger vessel 
(Fig.4.36c), or by making a wedge-shaped inci
sion at the end of the smaller segment (Fig. 4.36d). 

a 

Fig. 4.36a-d. Types of end-to-end anastomosis of con
gruent (a, b) and incongruent lumina (c, d) 
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Interrupted, continuous, or mattress sutures are 
the common techniques for anastomosis. In accor
dance with the principles of direct vascular suture, 
interrupted sutures should be used in small vessels 
and running sutures only in greater vessels. Where 
interrupted sutures are used, pressure may cause 
the anastomosis to dilate. However, the diameter 
of an anastomosis completed using a running su
ture is related to the length of the suture. When 
both vascular segments are mobile, the anastomot
ic technique is the so-called rotation method. Us
ing the method of "suture rotation", two tied 
corner sutures are inserted at corresponding sites 
on the circumference. When a circumferential 
anastomosis is performed and both ends are suffi-
ciently mobile, these two corner sutures should be Fig. 4.37. " Suture rotation " technique 
placed on the lateral side of the circumference. 
When the anastomosis is oblique or following 
wedge-shaped incision, the corner sutures are usu
ally placed in the middle of the anterior and poste
rior wall. Rotating the vessel ends by turning the 
corner sutures through 180° or 90°, respectively, 
rotates the posterior wall of the artery around to 
the front, thereby affording optimal direct vision 
for either continuous or interrupted sutures 
(Fig. 4.37). When the posterior wall has been su
tured, the stays are released, and the vessel rotates 
back to its normal position. The anterior wall is 
then sutured. 

When it is not possible to move the vessel ends 
because they may be torn, the vessel end can be 
rotated in either direction, using clamps (" clamp 
rotation "). In this way, the posterior wall can be 
brought around to the front one half at a time 
and thus sutured in two stages (Fig. 4.38). 

If the two segments to be anastomosed are not 
mobile, suture of the posterior wall can be done Fig. 4.38. "Clamp rotation " technique 

by means of a noneverting, transluminal suture 
(see p. 57). Alternatively, the suture at a distance 
(Fig. 4.39), with a continous over-and-over suture 
for small vessels and a horizontal mattress suture 
for larger vessels, may be used. For this type of 
technique an optimally gliding monofilament su
ture should always be chosen. When the suture 
is tied later, the two segments should be brought 
together by approximating the clamps. 

b) End-to-side Anastomosis. The end-to-side or 
side-to-end anastomosis is seldom done by direct 
suturing. Typical indications are reinsertions of 
branches, porto systemic anastomoses, and some
times dialysis shunts. The advantage of this tech
nique is that luminal incongruities are not impor- Fig. 4.39. Technique of" suture at a distance" 
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tant, and the diameter of the anastomosis can be 
varied by beveling the end of the segment to be 
implanted. The anastomosis is usually performed 
using a continuous suture. The suture row begins 
with either a double-threaded suture or two sepa
rate ones in the middle of the posterior wall and 
continues, by means of everting sutures, around 
to the front, where it is tied in the middle of the 
anterior wall. The suture should be kept under 
tension and parallel to the longitudinal axis of the 
main artery. This allows exact placement of the 
suture and eversion of the posterior wall 
(Fig. 4.40). If the operative field is deep and the 
approach difficult, then the so-called "suture at 
a distance" or the "noneverting transluminal su
ture" may be used. 

c) Side-to-side Anastomosis. The only indications 
for this anastomosis as a direct suture are porto
systemic anastomoses or dialysis shunts. The tech
nique is not different from the end-to-side anasto
mosis. This means that if there is good exposure, 
the everting continuous suture is performed. If the 
operative approach is difficult, the "suture at a 
distance" or the "noneverting transluminal su
ture" should be employed. 

m. Suture Techniques with Graft Material 

1. Closure of Arteriotomy with Patch Angioplasty 

The aim of closing an arteriotomy by patch angio
plasty is to avoid stenosis of a longitudinal incision 
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<l Fig. 4.40. Technique of end-to-side anastomosis with 
everting continuous over-and-over suture of the posteri
or wall 

--------------

o 
o 

Fig. 4.41 a, b. Correct (a) and incorrect (b) patch width 

by enlarging the lumen. A direct longitudinal su
ture may create a stenosis, especially in small ves
sels with pathologic changes. In such cases, there
fore, a patch graft should always be employed. 
The patch will compensate for shrinking of the 
lumen as a result of excessive healing processes 
following thromboendarterectomy. 

Where the vessel is already stenosed, a direct 
enlargement of the stenosis is effected by the patch. 
The patch can consist of: alloplastic material, an 
already obliterated vessel segment secondarily re
opened by thromboendarterectomy (obliterated 
superficial femoral artery), an arterial segment re
placeable by a graft (external iliac artery), autolo
gous vein. The patch has to be of such a size that 
the artery will regain its original diameter or be
come slightly greater (Fig. 4.41 a) following release 
of the clamps. If the patch is too small, the same 
disadvantages will be encountered as after a direct 
suture. If it is too wide, there will be an nonphysio
logical bulging, causing turbulence, thrombus for
mation, and the risk of an aneurysm (Fig. 4.41 b). 
The shape of the patch should be longitudinal -
oval with the ends either bluntly rounded 
(Fig. 4.42a) or angled (Fig. 4.42 b). If the end of 
the patch is pointed, the purse-string effect may 

n. c 
Fig. 4.42a--c. Correct (a, b) and incorrect (c) preparation 
of the end of the patch 
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Fig. 4.43. rrect and in-
correct manipulation \ hilc 
har t: ·ting the cin 

cause constriction ofthe vessel (Fig. 4.42c). A patch 
with four right angles is usually not satisfactory. 

a) Harvest and Preparation of Autogenous Vein 
Graft. The graft of choice is the greater saphenous 
vein. But it should be obtained from the distal 
segment, above the inner malleolus, (Fig. 4.43 a) 
rather than from the femoral site. The latter seg
ment of the vein should be saved for other pur
poses. Caution is in order, however, where signifi
cant arterial occlusive disease of the leg is present 
which might impair proper healing of the surgical 
wound at the distal harvest site. In such cases it 
may be possible to use a proximal tributary of 
the greater saphenous vein, the smaller saphenous 
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comes the spasm of the venous wall that usually 
occurs and also identifies open tributaries, which 
are either ligated or excised when the vein is cut 
longitudinally. A surplus of periadventitial tissue 
is removed when the vessel is filled. Following lon
gitudinal incision and any necessary resection of 
valves, the patch is trimmed to the appropriate 
width, but for the time being only one end is tai
lored (see p. 62). 

b) Technique of Patch Graft Angioplasty. A patch 
graft angioplasty begins with fixation of the patch 
using two or three interrupted sutures at the most 
critical point, usually the distal corner of the arter
iotomy. The other end of the patch, which is at 
first excessively long and will later be cut away 
and disposed of, is held by means of a hemostat. 
This keeps the patch under gentle traction and 
allows it to be moved without damaging the en
dothelium by forceps (Fig. 4.44a). Then the patch 
is fixed by continuous suture beginning on the side 
opposite the surgeon and continuing almost to the 
proximal corner of the anastomosis. The proximal 
end of the patch is then cut and the surplus materi
al and the clamp removed (Fig. 4.44 b). The con-

vein, or the cephalic vein. a 
The harvesting of a segment of the greater sa

phenous vein should be performed as atraumati
cally as possible. One should be especially careful 
not to harm the endothelium. After exposure of 
the vein, a dissecting clamp is passed under it, thus 
allowing placement of a "vessel loop. " During the b 
following sharp dissection of the surrounding tis- --------------
sue, the venous segment is moved only by means 
of this loop and must not be grasped by forceps 
or clamps (Fig. 4.43 b), as this would cause frac
tures of the endothelium - the most common site 
of thrombus formation - and might also cause late 
stenosis as a result of fibrotic shrinking. 

After harvest of the venous segment, which 
should be somewhat longer than the arteriotomy, 
a round-tipped cannula is introduced in the distal 
end and the vein flushed with heparinized blood. 
Next, the segment is carefully dilated; this over- Fig. 4.44a-c. Venous patch graft technique 
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tmuous suture is brought around the proximal 
comer to the middle of the arteriotomy on the 
surgeon's side. A second continuous suture starts 
from the distal comer and completes the patch 
graft (Fig. 4.44c). Before placing the last stitches, 
the remaining gap allows control, and eventual di
lation of the end of the patch or the comer of 
the arteriotomy by instruments. Furthermore, the 
area of run-in and run-off can be checked and 
cleaned by flushing. 

2. Anastomotic Techniques with Graft Material 

a) End-to-end Anastomoses. Graft material is typi
cally used for bypass operations with proximal or 
distal exclusion and graft interpositions. They can 
be performed using the direct anastomotic tech
niques detailed earlier (see p. 60) and also by em
ploying the following technical modifications: 

1. Partially circumferential anastomosis with a 
dilatation patch in the anterior wall. The major 
artery to be anastomosed and an appropriate pre
pared transplant are incised longitudinally in the 
middle of the anterior wall for about 1.5-2 cm. 

The opposing comers are approximated by in
terrupted sutures (Fig. 4.45a). If there is a great 
difference between the diameters of the two ves
sels, an appropriate wedge-shaped resection is per
formed on the vessel with the larger diameter 
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Fig. 4.45a-c. Technique of partially circumferential end
to-end anastomosis with patch graft of the anterior wall 
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Fig. 4.46a, b. Technique of a partially circumferential 
end-to-end anastomosis with wedge-shaped patch graft 
of the anterior wall 

(Fig. 4.45 b). After rotating both vessels according 
to the method earlier described (see p. 61), the pos
terior wall of greater vessels is anastomosed by 
a running suture, that of small and middle-sized 
vessels by interrupted sutures. The vessels are then 
rotated back, and the anastomosis of the anterior 
wall is completed by the patch graft (Fig. 4.45c). 
When the diameters of the lumina are different, 
the patch should be tapered, resulting in a smooth 
funnel-shaped anastomotic area. 

2. The partially circumferential anastomosis 
with a wedge-shaped patch graft in the anterior 
wall. This form is used for end-to-end anastomoses 
of prostheses to smaller arteries. A longitudinal 
incision about 1.5- 2 cm long is made in the anteri
or wall of the arterial stump. The opposing end 
of the prosthesis is trimmed to create a wedge con
figuration (Fig. 4.46a). The size of the wedge de
pends on the luminal discrepancy. The row of su
tures begins with two interrupted sutures or one 
double-armed suture in the middle of the posterior 
wall and runs around the anastomosis, as indicat
ed in Fig.4.46b. If the prosthesis is mobile, the 
posterior wall is sutured, drawing the transplant 
up. If the prosthesis is already fixed, the anastomo
sis is performed using comer sutures or clamp ro
tation. An end-to-end anastomosis of grafts to 
large arteries (for instance infrarenal aorta) may 
be secured additionally by a sheath of graft materi
al (Fig. 4.47). This sheath favors hemostasis at the 
anastomosis and prevents bulging of the aorta due 
to the pulsating blood flow with possible second
ary development of an anastomotic aneurysm. 
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Fig. 4.47. Securing an end-to-end anastomosis by a 
sheath of prosthetic material 
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Fig. 4.48. Parameters for hemodynamiclly favorable end
to-side anastomosis 
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Fig. 4.49a, b. Correct (a) and incorrect (b) preparation 
at the site of graft insertion 

.. ' 

a 

Fig. 4.50a, h. Technique of end-to-side anastomosis 
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b) End-to-side Anastomosis. Today, the end-to-side 
anastomosis is the most frequently used recon
struction method in vascular surgery, owing to the 
increasing use of grafts for bypass procedures. The 
advantage is that luminal discrepancies do not 
pose a problem and the cross-section of the anas
tomosis can be selected optimally by appropriate 
beveling of the graft end. Blood-flow properties 
at an anastomosis bypassing larger vessels are bet
ter the more acute the angle of entry in relation 
to the run-off segment. The angle of entry should 
never be greater than 45°. It is determined by the 
length of the incision anastomosed to the graft. 
This incision should be at least three times the 
diameter of the segment of the recipient artery. 
The incision should be longer, especially in smaller 
arteries, to achieve a cone-shaped anastomosis 
and, consequently, favorable hemodynamics 
(Fig. 4.48). 

An oval excision of the recipient artery makes 
no sense, because it diminishes the enlarging effect 
achieved by the graft (Fig. 4.49). The suture begins 
at the most critical point of the anastomosis, at 
the "heel", with two or three interrupted sutures 
(Fig. 4.50a). The suture continues to the end of 
the arteriotomy on the side away from the sur
geon. The end of the transplant is then cut and 
the suture continued around to the middle of the 
anastomosis on the surgeon's side. A second con
tinuous suture completes the anastomosis 
(Fig. 4.50 b). If the end of the graft is too pointed, 
or if too much of the arterial wall is grasped, or 
if the suture is pulled too tight, constriction of 
the vessel at the end of the graft may occur 
(Fig. 4.51 a). These hemodynamically adverse ef
fects can be avoided by appropriate preparation 
of the graft and by the use of interrupted sutures 
instead of a running suture at this critical point 
(Fig. 4.51 b) . 

The second drawback to such beveled end-to
side anastomoses is a possible constricting of the 
graft at the angle of the entry or exit, caused by 
the suture line (Fig. 4.51 a). Often simple dissection 
of the strangulating adventitia is sufficient to free 
the stenosis. Otherwise, a patch angioplasty has 
to be performed (Fig. 4.51 b). 

When using a vein graft, the diameter of the 
graft may be extended at this critical point by 
creating a small "collar" out of a tributary 
(Fig. 4.52). 

When anastomosing a bypass to major 
branches (organ arteries), the technique is essen
tially the same as described under the direct suture 



e 

66 

.. 
b 

Fig. 4.51 a, b. Stenosis of the anastomosis by constriction 
of the artery or the graft (a) and prophylaxis or correc
tion by correct preparation of the graft or by a patch 
plasty (b), respectively 

Fig. 4.54a-g. Technique of extension of the orifice by 
means of various vein configurations (a-d), by excision 
of the greater saphenous vein providing a collar of femo
ral vein (e), or by a partially circumferential anastomosis 
using a patch graft (f, g) 
\l 

a 
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Fig. 4.52. Technique of extending the orifice of a graft 
by creating a "collar" out of a tributary ("boot-shaped 
anastomosis ") 

Fig. 4.53. Extension of the graft orifice with a small 
bifurcation prosthesis 
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techniques (see p. 60). The suture of the posterior 
wall is usually even easier because of the mobility 
of the graft. From the perspective of hemodynam
ics the disadvantage of this type of reconstruction 
is the right-angle exit of the graft from the artery; 
it is usually unavoidable and causes a sudden 
change of direction in the blood flow. Maximizing 
the diameter of the anastomosis may diminish this 
negative effect. 

The orifice of the graft may be extended by 
appropriate tailoring of a bifurcation prosthesis 
(Fig. 4.53). Figure 4.54 illustrates ways of extend
ing vein graft orifices by making use of variations 
in vein anatomy. 

c) Side-to-side Anastomoses. Side-to-side anasto
moses with grafts are only indicated under certain 
circumstances, e.g., double bridging grafts for re
constructions of both renal and/or visceral arteries 
or for long aorto- or iliopopliteal bypasses with 
simultaneous revascularization of the hypogastric 
artery or profunda femoris artery by means of a 
side-to-side anastomosis. The technique used is es
sentially the same as the direct suture techniques. 

I. Tissue Glues in Vascular Surgery 

Tissue glues have been used experimentally and 
clinically in vascular surgery since early in the 
1960s. A tissue glue must fulfill numerous require
ments. Important characteristics are: sterilizabi
lity, storage stability, ease of handling, rapid har
dening, and low heat production during polymeri
zation. In regard to long-term effects, there should 
be a sufficient adhesive capacity and durability 
combined with complete absorption. There should 
be no toxicity, no major local reaction, and above 
all no carcinogenesis. Three types of tissue glues 
have been developed which fulfill the requirements 
in varying degrees and have been used clinically 
in vascular surgery. 

1. Polymerizing Cyanoacrylic Acid Ester 
[6, 8,10, 12, 13,22] 

First synthesized in 1949, the extraordinary adhe
sive capacity of this compound was discovered 
only by chance 10 years later [6]. Structurally 
speaking, it is an alkyl ester of 2-cyanoacrylic acid. 
The substance comes in plastic ampules in a watery 
monomer form. It polymerizes to become a hard 

67 

substance, most rapidly in the presence of anions, 
especially hydroxyl ions, and also in the presence 
of water or tissue fluid. The polymerization time 
may be altered and regulated by the addition of 
inhibitors. Thin layers of glue are completely ab
sorbed within a short time. The absorption of mas
sive deposits, however, may take a long time. 
Cyanoacrylic acid esters were of experimental and, 
sporadically, also of clinical significance for the 
performance of microvascular anastomoses until 
the beginning of the 1970s. The technique was very 
difficult and did not always allow a sufficiently 
rapid approximation of the vascular segments. Nu
merous instruments served to facilitate the manip
ulations; however, tissue glues never became fully 
established. There were experiments with outer 
splints of Dacron patches coated with glue, slit 
polyethylene tubes and adhesive rings, inner 
splints using polyethylene tubes and soluble hol
low cylinders, and finally various gluing devices. 

2. Gelatin - Resorcin - Formaldehyde [3, 27] 

This glue, consisting of a mixture of gelatin, resor
cinol, and formaldehyde was developed in 1965 
[3]. The condensation of resorcinol and formalde
hyde forms a matrix for the gelatin, resulting in 
tight adhesions. A final verdict on this glue cannot 
be given because of too little experience. 

3. Fibrin Glue [1,11,16,17,20,29] 

This substance currently has the greatest clinical 
importance. Fibrin glue was first used in 1972 [20]. 
It consists of a biologic double-component glue, 
one component being highly purified, highly con
centrated human fibrinogen and the second com
ponent being a solution of aprotinin - CaCI -
thrombin. The gluing process completes the end 
phase of the coagulation. The effective principle 
is the coagulation of fibrinogen by thrombin at 
the tissue surface. This process is enhanced by 
CaCl. The high content of factor XIII induces op
timal crosslinking and stability of the fibrin pro
duced and guarantees appropriate mechanical sta
bility and adhesive power of the fibrin meshwork. 
Fibrinolytic processes will be blocked by the addi
tion of the inhibitor aprotinin. 

Areas of indication for the use of fibrin glues 
include: 

a) Sealing of Fabric Prostheses. Sealing may be
come necessary as an emergency measure follow-
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ing release of the clamps if there is rebleeding from 
an adequately preclotted prosthesis owing to the 
so-called "defibrination syndrome," to local fi
brinolysis, or to manufacturing defects. As a pri
mary prophylactic sealant for non-preclotted pros
thesis, fibrin glue may be used in cases involving 
extracorporeal circulation and also in cases of 
blood loss resulting from coagulation defects, e.g., 
following perforation of an aortic aneurysm, or 
from other causes. This primary sealing allows the 
use of biologically superior, porous prostheses in 
areas where usually only prostheses of greater den
sity are used because of the expected blood loss 
(aortic arch, thoracic aorta). 

Advantages are: reduced blood loss, especially 
where transfusion blood is in short supply; re
duced risk of rebleeding; shorter operation time, 
especially in patients at risk; and shorter clamping 
time. The technique is to apply both glue compo
nents to the prosthesis continuously, one after the 
other, and to rub them in with the prosthesis 
straightened. Afterward, the prosthesis is flushed 
with saline solution, thereby eliminating the in
creased thrombogenicity of its inner surface. The 
cost of fibrin glue is about half that of the prosthe
sis itself. 

b) Local Control of Hemorrhage. Local control of 
hemorrhage by fibrin glues may be used for bleed
ing from suture holes or from the anastomosis, 
especially when the bleeding site is either difficult 
to expose for surgical suture or not suitable for 
suture owing to fragility of the vessel wall. The 
glue is not placed directly onto the bleeding site, 
but a carrier such as collagen fleece or collagen 
fascia is used. The drier the site of application, 
the more effective sealing is. One must avoid con
tact with the intima; otherwise local thromboem
bolic complications are likely to occur. 

c) Microvascular Anastomosis. Fibrin glue may be 
used either as an adjuvant for the suture in a com
bined suture - glue technique or as a complete 
suture replacement in a sutureless microvascular 
anastomosis. 

These techniques are still quite difficult; once 
they are perfected, however, one can expect the 
following beneficial results: a simplification of 
anastomotic technique; a shortening of operating 
and clamping time; improvement of implanted su
ture material; and avoidance of cicatricial stenosis. 

d) Graft Fixation. This is indicated when the length 
of the graft has been incorrectly calculated owing 
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to changes in organ position during graft implan
tation, with resultant kinking of the prosthesis. 
Thus, for example, fixation at an appropriate site 
may prevent kinking of an aortocoronary bypass. 

Besides their significant costs, fibrin glues also 
involve certain risks. The risk of transmitting hep
atitis cannot yet be excluded, despite the fact that 
donor selection and supervision insure a high level 
of safety for the currently available operations. In
cidental penetration of the glue into the vascular 
lumen causes lesions of the endothelium and local 
thromboembolic complications. Doubts still re
main regarding healing and other long-term effects 
of the glued graft. 

In summary, tissue glues are of value and are 
in some cases vital aids to vascular surgery. The 
techniques of gluing, however, have not yet been 
perfected, and therefore one cannot completely de
lineate their possibilities. 

K. Vascular Staplers 
[2,5,9, 14, 1~ 18,21,23,25,26] 

The purpose of vascular staplers is to simplify and 
speed up a technically very difficult and time-con
suming hand anastomosis, especially where 
smaller vessels are involved. 

The first experiments with sutureless vascular 
anastomosis were carried out by PAYR [23]. His 
method of end-to-end anastomosis of vessels was 
to pull one end of the vessel through a ring or 
cylinder of absorbable magnesium and to evert it. 
The other end of the vessel was pulled over it, 
providing broad contact of both intima surfaces. 
Both vessel segments were fixed by sutures tied 
to the prosthesis. The unavoidable step effect pro
duced at the anastomosis was compensated for by 
continuing proliferation of the intima. 

The method of Payr was subsequently modified 
in many ways, especially in the mid-1950s, using 
other materials (vitallium, tantalum, silastic, Tef
lon, fibrin) and removable slit-ring prostheses [25]. 
Despite the improvements brought about using 
this method, sutureless vascular anastomoses are 
still in the experimental stage and so far have not 
been used clinically because of the high local com
plication rate (thrombosis, cicatricial stenosis, ar
rosion). 

The first vascular stapler was developed by a 
group of Russian engineers and physicists between 
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1945 and 1950. ANDROSOV [2] experimentally and 
clinically tested vascular staplers in vascular trau
matology. The stapler was developed especially for 
the anastomosis of smaller vessels with a diameter 
down to 1.5 mm. The operative principle is that 
the ends of the two vessels are freed of surrounding 
tissue, grasped by a holder, and everted. With the 
aid of the holder, the everted vascular stumps are 
then precisely adapted to one another and then 
joined together by a ring of V-shaped staples of 
tantalum. Technically simplified and improved 
versions of the Russian model have been devel
oped in America and Japan, but these improved 
versions, like the basic Russian prototype, have 
failed to achieve clinical significance [5, 14, 15, 
18,26]. 

A somewhat different basic concept is embod
ied in Nakayama's model, which is considerably 
easier to handle. With this stapler, too, eversion 
of both vessel stumps is necessary. Each stump 
is pulled through a tantalum ring equipped with 
six ultra-fine spikes and holes. Then the rings are 
pressed together and secured with special clamps. 
The spikes of the one ring are automatically 
pressed into the holes of the opposite ring and 
fixed by turning them back (Fig. 4.55). If these 
fine spikes have been previously distorted, the 
anastomosis fails. The rings remain in situ and 
lie loose within the tissue after approximately 1 
month. 

On the whole, there has been relatively little 
interest in vascular stapling devices since their de-

Fig. 4.55. Basic concent of the stapler model of 
Nakayama 
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velopment. Except for certain special indications 
in the traumatology of small vessels, their use is 
restricted to the experimental laboratory. The de
velopment of modern microsurgery is chiefly re
sponsible for this. Another limiting factor is the 
complicated handling and time-consuming servic
ing of vascular staplers and the local difficulties 
in cases of deep, limited operative approach. Final
ly, the necessary eversion of the vessel wall pre
cludes the use of vascular staplers for reconstruc
tive surgery in arteriosclerosis, because in an arte
riosclerotic vessel eversion is either impossible or 
would be likely to cause lesions of the intima. 
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The most outstanding characteristic of vascular re
construction is its very low tolerance of errors. In 
general, it can be said that surgical risk is increased 
by shortcomings in the following areas: choice of 
the optimal time for surgery; choice of the most 
appropriate procedure; and correct execution. 
This is especially true in vascular surgery, particu
larly where vascular substitutes [trans- or im
plants] are involved. In such cases, failure and life
threatening complications are not limited to the 
early postoperative phase, but often continue to 
cast a shadow over the later postoperative period 
as well. Knowledge of this fateful relationship be
tween the quality of reconstruction and long-term 
success has led to a search for new methods of 
quality control. 

In the analysis of the risk factors in vascular 
reconstructions the surgeon ranks highest, followed 
by shortcomings in the observance of empirically 
established, approved principles. As a conse
quence, the specialized training of vascular sur
geons has been strictly regulated, and its quality 
continuously improved. The vascular surgeon 
guaranties the quality of the procedure: he is ex
pected to put scientific knowledge into practice 
and to guarantee the quality of his work. These 

expectations can only be fulfilled if the surgeon 
is well acquainted with the results of epidemiologic 
studies concerning the natural course of certain 
vascular diseases, with pathophysiology including 
hemodynamics, and with the interpretation and 
assessment of diagnostic findings, especially those 
based on noninvasive methods. In addition, the 
surgeon must perform self-critical quality control, 
using documentation and biostatistics. Surgeons 
should be fully competent to perform standard as 
well as low-risk alternative surgical procedures, in
cluding ancillary measures for improving and 
maintaining surgical results. They should be ac
quainted with the prophylaxis and treatment of 
infection. Finally, they should be able to prevent 
and treat peri operative complications. 

Based on our own personal experience, the 
most important guidelines for surgical technique 
are the following: 

1. The priority of function over exact anatomic cor
rection 

2. The strict observance of hemodynamic principles 
3. The lowering of surgical risk by applying an 

atraumatic and meticulous technique 

The first guideline is confirmed by extra-anatomic 
bypasses. Anastomotic techniques and other possi
bilities of improving blood flow must be mastered 
theoretically before they are applied practically. 
To think in terms of collateral systems means to 
eliminate all possibility of complications: a care
fully planned clamping technique avoids stagna
tion of blood flow with the resulting increased risk 
of thromboembolism. At the same time, preserva
tion of collateral blood flow is an effective protec
tive measure against peripheral ischemia. 

Careful handling of tissue prevents local compli
cations such as compression or injury of neighbor
ing structures, intimal dissection or fracture, ther
mal or osmotic disturbances, compression of by
pass grafts due to faulty graft alignment, and local 
as well as distant thromboembolic episodes. 
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The surgeon's familiarity with a particular vas
cular substitute is of great importance during and 
after its implantation. Knowledge of specific in
structions by the manufacturer guards against fail
ure and complications [23]. This is an extremely 
important point, especially with new products. 
For, to ignore a manufacturer's instructions is in 
effect to disregard the technical progress embodied 
in such products. 

The structural quality that a vascular surgery 
department should deliver cannot be defined ex
actly. At the very least, there should be well-func
tioning working units with appropriate personnel 
and equipment as well as an extensive number of 
cases involving a wide range of vascular diseases, 
thereby offering an optimal situation for teaching 
and for the enhancement of professional skill. 
Close contact and cooperation with colleagues in 
other specialties - e.g., angiology and angioradi
ology, internal medicine, cardiology, neurology, 
ophthalmology, otolaryngology, and orthopedic 
surgery - guarantees not only the best preoperative 
management but also excellent postoperative fol
low-up control. 

High quality of result in vascular surgery can 
be achieved only if organization and quality of 
treatment are constantly improved [21]. The exten
sion of reconstructive surgery far into the periph
eral dimension has brought with it problems of 
inadequate blood flow in cases of high resistance 
and in long bypass grafts passing over joints. Add
ed to these are new problems arising from the sur
gical management of elderly or multimorbid pa
tients previously outside the range of such therapy. 
All of these new problems require the creative ap
plication of rigorous principles in individual cases. 

B. Reconstructive Procedures 

Vascular reconstructions aim at restoring the acute
ly or chronically impaired or completely inter
rupted function of the circulatory system within 
various tissues of the body, or preventing these 
pathologic states. Accordingly, the procedures can 
be classified as: 

1. Operations which remove obstructions with or 
without the resection of wall segments (disobli
teration) 

2. Maneuvers which by angioplasty correct patho
logic conditions by preserving or utilizing layers 
of the vascular wall 
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3. Procedures which use grafts to fortify, widen, 
substitute, or bypass diseased arterial segments 

This chapter outlines the basic elements with re
spect to their practical application. 

I. DisobliteratioD 

1. Thromboembolectomy (see also p. 364) 

Embolism is one of the most common indications 
for an emergency operation, the others being vas
cular injury and ruptured aneurysms. The logical 
strategy and quick success of a correctly per
formed embolectomy should not lead one to un
derestimate the dangers and possibilities for error 
which this procedure entails. This is also true of 
acute thrombotic occlusions, e.g., following vascu
lar injury. However, these situations as well as 
complications following a reconstructive proce
dure, should be managed primarily by a vascular 
instead of a general surgeon. 

The importance of percutaneous aspiration thromboem
bolectomy cannot be judged at the present time [28]. 

Today, basic instruments for vascular procedures, 
such as atraumatic clamps, forceps, balloon cathe
ters of different sizes, and ultrafine suture material, 
are available everywhere. Dilating balloon cathe
ters made of latex or PVC make extraction possi
ble from any site to which access is easily gained 
if the obstruction site cannot be precisely localized 
according to clinical criteria. 

As an example, let us take the lower extremity, which 
is the most frequent site of occlusions. Access to the 
femoral bifurcation is easily achieved and suturing in 
this area can be done without difficulty. Adequate, but 
not too extensive exposure makes a safe and quick opera
tion possible. The lateral approach preserves the lymph 
nodes, and careful dissection leaves nerves (femoral sa
phenous nerves) and veins (common femoral, saphenous 
veins) untouched. Initial clamping is only necessary if 
inspection and delicate palpation indicate residual blood 
flow within the vessel. Thus, fragmentation of a fresh 
thrombus, which could be extracted easily as a whole, 
is avoided. A transverse arteriotomy of the anterior wall 
0.5-1 em above the origin of the profunda femoris artery 
can be sutured more quickly than a longitudinal incision 
in which patch angioplasty may also be necessary. How
ever, in a transverse incision, more care must be taken 
to prevent dissection or tearing. Following incision, one 
should check the age, structure, and adherence of the 
thrombus by careful dilatation and flushing with hepa
rinized solution. A fresh, coherent clot can often be 
"milked" by a careful, uniform pull with several forceps, 
making sure that branches of the thrombus are also re
moved from the tributaries of the outflow tract. Back-
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bleeding generally indicates successful removal of the 
thrombus. Then, the run-off may be tested by flushing 
with heparinized saline solution. Suction should merely 
ensure clear vision, not remove the detritus. The whole 
or fragmented thrombus is spread out on gauze covering 
the thrombectomized segment and should only be dis
carded after its beginning and end have been identified 
completetly. 

If extraction is not accomplished by this simple meth
od, a balloon catheter is inserted carefully. Obstructions 
along its way can be localized by markings on the cathe
ter. As soon as the catheter penetrates the thrombus, 
the balloon is dilated by instilling the correct amount 
of fluid according to its size. Bursting by overdilating 
the balloon may lead to embolism of.the remaining frag
ments. Advancement, filling, and retrieval must be per
formed without scraping defects and dissection. At the 
introduction site, the catheter is always moved parallel 
to the axis of the vessel in order to prevent mechanical 
injury and tearing at the comers of the wound. The 
thrombi pulled out by the catheter are arranged in a 
row, as described above, to make sure that the thrombot
ic material has been removed completely. 

The number of passages of the catheter through the 
vessel depends on the extent and amount of thrombotic 
material. For peripheral segments thinner catheters are 
introduced. Following each passage, heparinized solu
tion is slowly injected to prevent embolism. 

Older, partially or totally adherent thrombi cannot 
be extracted by a balloon catheter alone. In such cases 
a ring stripper made of flexible wire, which is slipped 
over the thrombus, if possible under direct vision, has 
a much greater scraping effect. To prevent embolism 
of stripped particles, the outflow tract can be blocked 
by introducing a balloon catheter and advancing it 
through the ring stripper. This is called the "Rififi method." 

Observing the sequence of peripheral thrombectomy 
followed by disobliteration of the proximal segment has 
the advantage that the former procedure can usually 
be performed without interference from a clamp on the 
inflow tract. 

Extraction of the thrombus from proximal segments 
is done in the same manner. However, one can utilize 
the increased retrograde blood flow to flush out the 
thrombus. If a balloon catheter or a ring stripper is em
ployed, the necessary length is estimated by measuring 
it alongside the course of the vessel before insertion (aor
tic bifurcation is located at the level of the umbilicus) 
and the pulse of the contralateral femoral artery is 
checked to identify disruption and distal migration of 
the thrombus. 

The suture must include all layers. This not only guar
antees secure closure, but also saves time. Before placing 
the last stitch one should allow bleeding to remove possi
ble residues of the thrombus, which can be identified 
by holding gauze over the bleeding site. When the sur
geon has checked the suture, blood flow can slowly be 
restored under continuous monitoring of blood pressure. 
This prevents sudden drops in blood pressure due to 
fluid loss into the maximally dilated ischemic peripheral 
vascular bed, which are especially dangerous in patients 
with cardiac risk factors. Steady digital pressure and, 
if necessary, a supplementary suture of the adventitia 
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can prevent needless blood loss. A suction drain does 
not replace careful hemostasis. 

The most common causes of failure to restore ade
quate blood flow are an impaired run-otT due to 
thrombi or dissection of vascular wall structures. 
These failures can be prevented only by con
sistency in surgical technique and by the continu
ous control and documentation of results, begin
ning intraoperatively with palpation and inspec
tion and continuing postoperatively in follow-up 
examinations using Doppler techniques for pres
sure measurement. 

Today, the indication for arterial embolectomy 
within the extremities is no longer dependent on 
the interval of time since the manifestation of 
symptoms (6 h limit), but on the reversibility of 
ischemia. In delayed embolectomy, one may en
counter extensive obstruction of peripheral vessels 
and branches following proximal and distal exten
sion of the thrombus. Therefore, one should al
ways be prepared to perform an additional inci
sion at a crural artery. Whether or not local 
thrombolysis, by means of an intraoperatively in
troduced catheter, shows better results in such 
cases, remains uncertain at the moment. 

Where preoperative differentiation between an 
embolism and the acute thrombosis of a preexisting 
arteriosclerotic lesion was uncertain, or where, 
during embolectomy, complete thrombosis of a 
high grade arteriosclerotic obstruction may be 
found, disobliteration or bypass grafting must be 
performed in every case, even in emergencies. One 
should not wait until further diagnostic measures 
are performed. This also applies to acute throm
botic occlusions in aneurysmal disease. This patho
logic condition must be considered if an extraordi
narily large amount of thrombotic material is ex
truded and the thrombi are not of the same age. 

2. Endarterectomy and Thromboendarterectomy 

Flow obstruction due to an intimal lesion or 
thrombus formation may be relieved by excision 
and removal of the obliterating material, leaving 
the outer layers of the vascular wall intact. Mor
phologically, the structure of the vascular wall in 
arteriosclerotic disease exhibits two regions with 
ditTerent physical characteristics, a sclerotic inner 
core and an undiseased elastic outer cover. In ad
vanced arteriosclerosis (" mature", flaky athero
matous debris) a preformed dissection plane exists, 
making subintimal and subadventitial dissection 
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with an elevator or a fine mosquito (Halsted) 
clamp easy. Because most atheromatous plaques 
extend into the media, dissection should preferably 
be performed near the adventitia. 

Treatment by disobliteration depends on the 
type of vascular wall, the dimensions of the artery, 
and its pathomorphology. Unsuitable for this pro
cedure are inflammatory and immature arterio
sclerotic lesions, aneurysmal changes, the popliteal 
artery, and the delicate crural arteries. Calcified 
incrustations do not usually pose insoluble prob
lems as long as the remaining outer layer is unaf
fected and it is possible to dissect the calcified in
ner core without injuring the outer layer. Even 
in seemingly hypoplastic, occluded, or nonpulsat
ing narrow vessels, a normal diameter may be re
gained as the outer layer expands following remov
al of the obstruction. 

Unfortunately, transmural vascular scars fol
lowing previous diagnostic or radiologic punctures 
may often limit disobliteration or even make it 
completely impossible. The latter is the case at the 
site of a previous reconstruction. 

Disobliteration may be open or semiclosed, de
pending on the length of the obstruction. 

However, certain errors and hazards are com
mon with all methods of endarterectomy. It is of
ten difficult to find the ideal dissection plane and 
to stay in the plane once dissection is commenced. 
This leads to the formation of flaps and debris 
which are left behind with the possibility of ob
structing blood flow and causing early occlusion. 
Ascertaining that the arterial sclerotic plaque has 
been removed completely and flushing with saline 
in the direction of blood flow may help to avoid 
these errors. To date, arterioscopy has not been 
widely used. At the distal and proximal boundaries 
of the endarterectomized segment, changes in cali
ber may act as valves, causing turbulence or nar
rowing. In such a case, disobliteration is continued 
beyond the plaque, or the remaining thickened 
layer is flattened with fine curved scissors. Cleav
age too close to the adventitia may cause intraop
erative hemorrhage, making a time consuming cor
rection necessary. Even after a correctly performed 
endarterectomy, a relative dilatation of the disoblit
erated segment in comparison with the neighbor
ing nonendarterectomized segments results. This 
generates a thrombogenic hemodynamic situa
tion imitating aneurysmal changes. Finally, the 
disobliterating instruments are always moved 
along the boundary between hard core and tender 
outer layer. The surgeon needs a more sensitive 
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and delicate touch and a more perfect control of 
the dissecting instruments during manipulations of 
the vascular wall than during implantation of a 
vascular prosthesis. This should be considered 
when choosing the method for vascular recon
struction. 

a) Direct Endarterectomy with Direct Suture. Ideal 
locations for direct disobliteration are the com
monest sites of arteriosclerotic plaques at the ori
gins of branches of the internal carotid artery, ce
liac, superior mesentric, and renal arteries, and at 
the femoral bifurcation. The advantage at these 
sites is that they afford a good view of the distal 
end of the incision and also good exposure of bi
furcations. The arteriotomy is extended beyond 
the palpable or visible edge of the plaque so that 
the distal protruding margin of the intima is ex
posed. Ideally, the plaque extends gradually and 
without abrupt interruptions onto the normal inti
mal surface. If an intimal flap or protrusion re
mains, many supplementary maneuvers are recom
mended, such as applying steady pressure until 
natural fixation prevents protrusion of the intima 
into the lumen. Transfixation by suturing the flaps 
to the vessel wall may cause additional injury to 
the vessel and is helpful only if the measures pre
viously mentioned fail. The proximal intimal flap 
does not cause many problems because its edge 
is held down by the flow, in a manner reminiscent 
of a roofing shingle. 

If the lumen is wide enough following removal 
of the inner core, the continuity of the artery can 
be restored by direct suture. Suturing should begin 
at the distal end of the incision. The flushing ma
neuver can be performed when the suture reaches 
the central portion of the incision, where the wall 
is not likely to tear easily. 

An alternative method is the eversion technique. 
Today, it is helpful in only a few situations. When 
kinking of the carotid artery is present with simul
taneous stenosis at its origin, one transects the in
ternal carotid artery at its origin. Its outer layers 
are everted and peeled back until the whole dis
eased inner core with the arteriosclerotic plaque 
can be removed without an intimal flap remaining. 
The internal carotid artery is then anastomosed 
to the distal end of the common carotid artery. 
In a variant method of profundaplasty, the oc
cluded superficial femoral artery is transected sev
eral centimeters distal to its origin and disobliterat
ed according to the eversion technique. It is anas
tomosed distal to the stenotic origin of the prof un-
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da femoris artery instead of performing a time
consuming patch graft angioplasty. 

b) .D!rect Disobliteration with Patch Angioplasty. 
Ongmally, a patch was used only to prevent possi
ble narrowing and stricture of a longitudinal su
ture or to replace a damaged region of the vascular 
wa!l. Today, ~t is a prophylactic measure to prevent 
stncture dunng healing of a vascular suture [13]. 
Its advantages are that it overpasses incongruities 
and bridges abrupt changes in caliber. Disadvan
tages are, on the one hand, the amount of time 
needed to complete it, when compared with the 
simple direct suture, and on the other, the negative 
features of the material used for the patch: with 
~ynth~tic materi~l, an increased susceptibility to 
mfectIon, and WIth autogenous vein patches, pro
gressive dilatation or shrinking as a result of inti
ma hyperplasia. 

Technically, one starts with an everting horizon
tal mattress suture at the distal end of the arteriot
omy so that the narrowest site of the reconstruc
tion can always be inspected from the inside. The 
stitch is directed away from the patch to the inter
nal surface of the vascular wall; the patch is at
tached in such a way that it acts as a washer to 
prevent these sutures from tearing out. 

Complications may occur if the patch is too 
large, which may lead to an iatrogenic aneurysm. 
!he. correct width of an autogenous vein patch 
IS ~Ifficult to determine because of its elasticity. 
ThIs can only be learned through practice and ex
perience. Compensating by taking larger bites dur
ing suturing may lead to narrowing of the patch. 

Available patch materials include superficial au
togenous veins (at the ankle) and various specially 
developed synthetic graft materials (see p. 78). 

c) Indirect Semiclosed Endarterectomy. Indication: 
Open disobliteration with patch angioplasty in 
long occluded segments of the femoral artery was 
aba~don~d in. favor of the semiclosed technique 
of dlsobhteratIon, which today is only rarely indi
cated. Isolated or extensive aortoiliac obstructions 
are the primary indications for disobliteration with 
a ring stripper. 

The advantage of the procedure is that it can 
be per~ormed by an experienced surgeon quickly 
and WIthout the potential risks associated with 
synthetic vascular prostheses. There is no leakage 
as in the case of porous vascular prostheses. There 
is as a drawback, however, a certain dependence 
on the morphological structure as well as the vul
nerability of the remaining outer wall layers. 
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Technique: A standard aortoiliac disoblitera
ti~:m can usually be performed without patch an
glOplasty. Adequate exposure is achieved by a 
transverse vessel incision. The correct plane of 
cleavage is then determined. Following circumfer
ential dissection, the ring of the stripper, which 
should only be slightly larger than the inner core 
is passed over the core and advanced by a combi~ 
nation of rotary and gentle pushing movements. 
Through a second incision above the distal bifur
cation, the inner core can be carefully divided and 
extracted. Intimal flaps are handled in the same 
way as described above. Continuous suture of the 
i~cisions should be done while applying slight trac
tion on the stay sutures so that no stricture can 
form after blood flow is restored. 

Common errors and complications: Loose frag
ments of the vascular wall, atheromatous debris 
clots, intimal flaps, and unrecognized thinning of 
t~e vascular ~all are the main causes of complica
tIons. A metIculous operative technique, constant 
control by palpation, and thorough irrigation of 
the disobliterated segment are the best preventive 
measures. 

Special applications of indirect disobliteration 
are retrograde transfemoral disobliteration of the 
external iliac artery and endarterectomy of the ab
dominal aorta. The former is performed only in 
exceptional cases. It is an alternate method with 
a lower surgical risk. There are no objections to 
the latter as a blind method since the obstructive 
plug is quickly and smoothly removed under direct 
vision with the help of the Vollmar disoblitero
tome. 

d) Complications and Modifications. Numerous an
atomic and instrumental variations of disoblitera
tion, such as anterograde endarterectomy of the 
superficial femoral artery and common carotid ar
teries, the application of pneumatic or hydraulic 
methods, or the use of an oscillotome have been 
abandoned. The first results of using a laser for 
the disobliteration of peripheral arteries have been 
reported [7]. The combination of disobliteration 
with bypass grafting is still the most commonly 
used reconstruction. Local endarterectomy is per
formed at the site of anastomosis between graft 
~nd host artery. Disobliteration of the host artery 
IS less commonly performed in a sequential bypass. 
Sometimes, it is used to salvage reconstructions 
in which the length of the venous graft is not ade
quate. 
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ll. Angioplasty 

This term comprehends all surgical procedures 
which correct pathologic changes in caliber in the 
vessel wall while preserving the original wall com
ponents and the topography of the artery. Their 
importance varies, but knowledge of these meth
ods may be helpful in some special situations. 

1. Plication 

The restoration of a normal caliber by reducing 
the transverse diameter of the vessel was one of 
the first reconstructive procedures ever performed. 
Today, aneurysmorrhaphy according to MATAS is 
done only in localized saccular aneurysms, where 
replacement by a synthetic prosthesis must be 
avoided, e.g., in cases of an increased risk of infec
tion or in lateral suture of the dilated central por
tion of a chronic arteriovenous fistula. Lateral an
eurysmorrhaphy of saccular thoracic aneurysms is 
now a thing of the past. 

2. Straightening 

A still widely applied technique is the correction 
of congenital or degenerative elongations, most 
commonly seen in the internal carotid and verte
bral arteries, and less often in the common iliac 
artery. 

Leaving aside muscle flaps and arteriopexy to 
eliminate kinking, which are merely palliative mea
sures, three surgical techniques are available for 
straightening. A loop of the internal carotid artery 
can be straightened by means of several adjacent 
longitudinal plications. The advocates of this 
method state that such a technique leads to only 
limited shortening without impairment of blood 
flow. The second preferred method is to divide 
the vessel at its origin and reinsert it proximal to 
the initial origin end-to-side. This technique not 
only straightens the vessel accurately, but also al
lows for the simultaneous removal of stenoses at 
the origin under direct vision. The third possibility 
is shortening of the artery by resecting the portion 
which is most severely diseased and reanastomos
ing both stumps end-to-end. 

3. Transposition, Transposition Flap 

Stenoses near the origins of organ arteries may 
be relieved by transposition. This is a very elegant 
method of correction in obstructions situated at 
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the origins of the renal and superior mesenteric 
arteries. Transposition of the subclavian artery to 
the common carotid artery, following disoblitera
tion if necessary, has long been our procedure of 
choice. 

The stenosis in a coarctation of the aorta may 
be relieved by creating a transposition flap out 
of the left subclavian artery. The end-to-side inser
tion of a disobliterated superficial femoral artery 
has already been pointed out as a possible varia
tion in profundaplasty. 

Reimplantation of a short vascular stump may 
cause technical difficulties. As a rule, one should 
always suture first those portions of the wall which 
are most difficult to approximate. In the open su
ture technique, smooth, monofilament sutures are 
used to complete adaptation following suture of 
the back wall. 

4. External Reinforcement 

Recently, wrapping of aortic abdominal aneu
rysms has been suggested again, but has not been 
accepted as a method of reducing surgical risk. 
However, today the use of a sleeve, which may 
consist of different materials, is still common to 
reinforce the suture line. For example, porous vas
cular prostheses are put around the anastomosis. 
If only a portion of the vascular wall shows poten
tial weakness, a small strip of Teflon felt sutured 
to this site may be adequate (see p. 338). Strips 
of fascia are obsolete. Woven prostheses inhibit 
migration and incorporation of fibroblasts. 
Doppler sonographic controls are recommended 
after such repairs. 

5. Reentry Technique 

This form of treatment tries to convert the double 
lumen of a dissecting aneurysm into a single one. 
The blood flow through the false lumen is con
ducted into the main aortic lumen by excising a 
small window of tissue out of the dividing mem
brane. Further dissection is prevented by suturing 
both walls directly to one another or connecting 
them with fibrin glue (see p. 358). 

6. Decompression 

The removal of external obstructions has increased 
with better knowledge of their pathophysiology. 
Originally, the phenomenon of posts ten otic dilata
tion caused by external compression was known 
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only in patients with an accessory cervical rib and 
occlusions beneath the adductor tendons. Today, 
we know the most frequent sites of intermittent 
or chronic narrowing of the vascular lumen that 
can lead to hemodynamic disorders, thromboem
bolic complications, or aneurysmal dilatation. 
These are at the origins of the celiac trunk, renal 
artery, and especially the popliteal artery (see 
p. 575). Compression following healing of a bone 
fracture is relatively uncommon. 

The operative techniques employed in these dis
orders are discussed in the appropriate chapters. 
It is necessary to dissect sharply, owing to periar
terial fibrosis, and to perform vascular reconstruc
tion if arteriolysis is impossible or unsatisfactory. 
Alternatives other than operative decompression 
are not known, except in the treatment of cystic 
adventitial degeneration, in which percutaneous 
aspiration is performed by radiologic intervention. 

7. Fixation 

After blood flow has been restored, vascular re
constructions may have a tendency to kink. This 
may occur if the reconstructed arterial segment, 
for example, becomes redundant after removal of 
the supporting arteriosclerotic plug at the carotid 
bifurcation or after implantation of a graft that 
is too long. Small errors may be corrected by 
adapting the neighboring tissue firmly around the 
vessel. This gives enough support in most cases. 
Direct fixation of the vessel to its surrounding tis
sues with supplementary sutures should be done 
only in exceptional cases, as the vessel wall tears 
easily in these situations. 

8. Dilatation 

Dilatation of the outflow tract following recon
structive procedures has been done routinely for 
a long time. Bougienage of inaccessible portions 
of an artery, e.g., fibromuscular dysplasia of the 
subcranial internal carotid artery is a standard 
technique today. Advances in interventional radiol
ogy have not only changed the indications for 
treatment in different diseases, but have also 
brought about a new surgical strategy in oblitera
tive arteriopathies. Only the simultaneous applica
tion of intraoperative transluminal dilatation dur
ing reconstructions of the arterial system will be 
discussed at this point. 

Intraoperative transluminal dilatation (ITA) is 
applied in stenoses of the inflow or outflow tract 
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in which removal is not absolutely indicated, is 
too time consuming, or correction is unsuitable 
for technical reasons. 

Angioradiologic principles are applied in these 
maneuvers. A metal guide is not obligatory. There 
are two types of catheters available for dilatation, 
the Griintzig and Olbert catheters. Fogarty cathe
ters are not suited because the balloons expand 
uncontrollably in all directions. 

In intraoperative dilatation of fibromuscular 
stenoses of the carotid artery the disruption and 
migration of thrombi do not occur. This danger 
cannot be excluded if the procedure is done percu
taneously with the direction of blood flow. 

Postoperative percutaneous dilatation of remain
ing and recurrent stenoses is possible in selected 
cases. When such a procedure is planned, we con
sider close cooperation with a vascular surgeon 
mandatory. The surgeon's knowledge of patho
genesis, pathomorphology, and their risks is a val
uable aid. 

9. Methods of Vascular Obliteration 

These aim at achieving permanent, secure occlu
sion of a particular vascular segment or vascular 
stump. 

The induction of thrombosis had been performed 
long before the resection of abdominal aortic an
eurysms. It was reintroduced for treatment of high 
risk patients without resection under the protec
tion of an extra-anatomic bypass. In smaller and 
peripheral arteries, percutaneous therapeutic embo
lization replaces surgical ligation. Fluids, such as 
fibrin or acrylic glues or particles such as micro
spheres or spirals, are used, e.g., in congenital an
giodysplasia, acquired arteriovenous fistula (see 
p. 223), aneurysms, including false aneurysms, and 
cancer. 

As a last resort reliable obliteration of large 
vascular stumps still causes problems, especially in 
the abdominal aorta, when insecure anastomotic 
conditions are present or an infection makes re
moval of the prosthesis necessary. The absorbable 
synthetic suture material used today keeps its ten
sile strength for a prolonged period of time and 
then deteriorates slowly. This is a significant im
provement over materials used in the past which 
were readily absorbed or acted as foreign bodies. 
Covering with vital periaortal tissue or an omen
tum flap improves the prognosis. However, this 
cannot be guaranteed. 
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to. Adjuvant Flow Augmentation 

The construction of additional peripheral anasto
moses ultimately leads to a reduction of run-off 
resistance. Multiple anastomoses of long bypass 
grafts with several peripheral arteries, as in a se
quential bypass, or shunts between arteries and the 
venous low pressure system, belong to this catego
ry. The thromboprotective effect of an increased 
blood flow in venous reconstructions and long ar
terial bypass grafts is evident. However, the pe
ripheral circulatory effect of artificial arteriove
nous fistulae has not yet been completely clarified. 

m. Reconstruction by Vascular Replacement 

Vascular replacement has become the main com
ponent in vascular surgery. Its applications are nu
merous, and its requirements differ greatly. First, 
the following review outlines the practically essen
tial surgical and technical concepts. Then the biol
ogy and problems of vascular replacement are dis
cussed. 

1. Enlargement of the Lumen, 
Partial Replacement 

The most common purpose of patch grafts is to 
increase the size of a vascular lumen prophylacti
cally following any longitudinal suture. These 
grafts are also used in repairing local vascular wall 
defects following vessel injury, intraoperative mis
haps, or after abandoning a bypass procedure. 
Furthermore, partial replacement allows vital, 
growing sectors of a congenitally hypoplastic seg
ment to develop, e.g., in the correction of juvenile 
aortic coarctation. The harmonization of an anasto
mosis to overcome a disparity by the incorporation 
of a small, well-fitting patch, as described by VAN 

DONGEN, has already been discussed elsewhere (see 
p.63). 

2. Interposition and Substitution 

Today, total resection and substitution are obliga
tory only in pathologic changes that affect the 
outer layers of the vascular wall, such as cancer, 
vascular tears of various origin, and high grade 
thinning of the vascular wall due to chronic hyper
volemic circulatory conditions in long-standing ar
teriovenous fistula. In the abdominal aorta, substi
tution presents hemodynamic and anatomic ad
vantages as an alternative to bypass grafting. 
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Partial resection and substitution are indicated
when sections of the vascular wall in which tribu
taries branch off must be preserved by any means. 
For instance, during the resection of thoracic aor
tic aneurysms it may be employed to prevent spinal 
ischemia. It is also indicated in the resection of 
aneurysms of the aortic arch and thoracoabdomi
nal aorta with preservation of visceral of supra
aortal branches (see p. 318). This technique is fur
ther applicable in the reimplantation of the interior 
mesenteric artery or the origin of the deep femoral 
artery. 

A second variation of partial resection is partial 
aneurysmectomy. Thrombus and atheromatous 
material is scooped out from within the aneurysm, 
and the continuity of the artery is reestablished 
by the interposition of a straight tube prosthesis. 
Quick dissection within the preformed plane of 
cleavage, preservation of the outer wall layers, as 
well as avoiding an extra anastomosis are the main 
advantages of the" minimal dissection method. " 

A third variation is the inlay graft technique 
applied in emergency, life-threatening situations, 
where time and the amount of blood loss play 
a crucial role (see p. 344). In dissecting aneurysms 
of the thoracic or abdominal aorta as well as in 
typical abdominal aortic aneurysms, a prosthesis 
with reduced porosity is positioned within the orig
inallumen and anchored without sutures by a liga
ture placed around cloth-covered stainless steel 
rings [6, 9]. Making a prosthesis fit the actual ana
tomic conditions by moving the distal ring into 
the right position is usually no problem. However, 
the attachment to the iliac arteries may cause diffi
culties. 

Another concept of internal stabilization is the 
percutaneous transluminal implantation of metal 
spirals which may be attached by controlled elastic 
expansion [18]. Until now, there are only a few 
reports on the application of this very interesting 
percutaneous inlay technique. 

3. Bypass Grafting Techniques 

Vascular replacement makes it possible to imitate 
natural principles of collateral systems. Bypass 
grafting was originally conceived by JEGER in 1913 
[14] as a functional way of bridging anatomic flow 
obstructions and was realized by KUNIN in 1948 
[15] with a venous graft in an orthotopic position. 
Later on, bypassing of problematic zones, e.g., 
sites of infection following vascular reconstruc
tion, with extra-anatomic grafts was developed. 
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Meanwhile, the technique of extra-anatomic by
pass has established itself as a sound alternative 
with acceptable results. It is employed in patients 
in whom direct reconstruction is combined with 
high risk, e.g., elimination of aortoiliac occlusions 
or aneurysms in patients of poor general condi
tion, in extrathoracic bypass of a symptomatic oc
clusion of the subclavian artery, or in the bridging 
of a popliteal aneurysm. 

Technically, the principle of bypass has numer
ous advantages. Exposure is limited to the area 
of the anastomoses. Alignment of the graft and 
its course to the distal anastomosis can be con
structed by subcutaneous tunneling. There should 
be no tension on the graft as it passes through 
the tissue. Collaterals are preserved. An end-to
side anastomosis makes it possible to connect lu
mina with differing calibers. Finally, because of 
its simplicity, bypass grafting can be applied every
where. 

The technique of implantation, positioning of 
the bypass, and secondary changes of the graft 
and its host artery may lead to complications. Cor
rect construction of the anastomotic angle and di
ameter is necessary. Otherwise, narrowing at the 
take-off of the graft or an aneurysmal sac with 
the danger of tearing at the suture line will devel
op. While placing the graft in the subcutaneous 
tunnel, twisting, kinking and external compression 
by neighboring tendons, fascia, or scars must be 
avoided. The graft must not be too long, and ten
sion should be absent as well. A good knowledge 
of hemodynamics (no competitive flow, no steal 
constellation, no situations causing turbulent flow) 
and a good visual estimation in order to make 
the grafts of different elasticity fit are necessary. 

4. Combinations and Alternatives 

Competing anatomic and pathomorphological re
quirements often make it necessary to combine 
techniques of vascular disobliteration and graft
ing. The situations requiring combined methods 
are discussed in the section on special topics. 

5. Vascular Access 

A specific application of vascular reconstructive 
techniques is the extra-anatomic end-to-side inter
position of shunts between arteries and veins for 
chronic intermittent hemodialysis. The vein graft 
or prosthesis must withstand increased blood flow 

79 

and is mechanically impaired by frequent punc
tures with large cannulas. It also carries an in
creased risk of infection (see Chap. 25, p. 659). 

C. Vascular Replacement 

I. General Remarks 

Vascular replacement is almost as old as the cir
cumferential arterial suture. Its principles - har
vesting technique, preservation, morphological 
and functional fate - had already been systemati
cally investigated during the first decade of this 
century. For decades, only autogenous veins were 
used clinically. The successful replacement of aor
tic and arterial segments with homologous trans
plants and the creation of blood vessel banks to 
provide a supply of such transplants have come 
about only since 1948. 

At the beginning of the era of reconstructive 
vascular surgery two basic discoveries were made: 

1. The maintenance of the graft's function as a 
blood conduit was not dependent upon its vital
ity, which prior to that time had been the main 
goal of transplantation. 

2. The replacement of small arteries and veins 
posed problems. 

Meanwhile, advances in the manufacturing of syn
thetic prostheses made it possible to produce grafts 
fulfilling specific anatomic and technical require
ments in large arteries. With some limitations, 
these are also suited to medium-sized arteries as 
well as veins. 

The systematic search for biologic grafts with 
the same characteristics as medium and small ar
teries was not very successful. Because the manu
facture of non-autogenic grafts makes devitaliza
tion of tissue necessary, they were called biopros
theses or implants. 

Present efforts are concentrated on gaining a 
better understanding of hemostasis and resistance 
to thrombosis and their influence on the vessel 
wall (endothelium). These efforts are a result of 
experience with the inhibition of platelet aggrega
tion to secure long-term postoperative patency. 

The requirements which grafts must fulfill are 
multiple. Generally, they should be reliable, well 
tolerated by the surrounding tissues, not easily de
formable, immunologically inert, and non-carcino-



80 

genic. Furthermore, they must fulfill the microbio
logic requirements and must be available in the 
sizes required. They should be easy to handle and 
should incorporate themselves permanently into 
the surrounding tissues. They should prevent 
thrombus formation and be insensitive to degener
ation and degradation by their environment. The 
different behavior of each material within the body 
led to the introduction of the term" scale of biolog
ic acceptance." In addition to long-term results, 
however, other aspects frequently take clinical 
priority. Short life expectancy or limited general 
operability of the patient may change the indica
tion for certain vascular reconstructions. In such 
cases, lowering surgical risk ranks highest [9]. 

II. Autogenous Grafts 

1. Arterial Grafts 

The body's own arterial segments with their pre
served viability and mechanical endurance are at 
the top of the list of grafts having the best biologic 
acceptance and tolerance. However, only short or 
small arterial segments can be transplanted freely. 
They can either be removed without replacement 
(internal iliac, splenic, internal thoracic [10], radi
al, epigastric arteries), or in very special cases ex
changed with a vascular prosthesis (external iliac 
artery). Indications for transplantation exist during 
the period of growth, in potentially infected vascu
lar injuries [25], and in the extracorporal correc
tion of stenoses of the renal arteries. 

2. Venous Grafts 

a) Basic Principles. Practically speaking, the most 
important biologic graft is the greater saphenous 
vein which can be used in many situations because 
of its length and range of diameters [3, 11]. 

Its use is limited in aortic, renal, and iliac posi
tions because of its delicate wall structure. It is 
commonly (20%-30%) unavailable for primary 
interposition or bypass owing to varicosis, pre
vious phlebitis, or previous treatment of varices. 
If further operations are necessary following re
construction with a greater saphenous vein graft, 
alternative veins must be found such as the greater 
saphenous vein of the other leg, the basilic, ce
phalic, and smaller saphenous veins, and even the 
femoral vein [1, 24]. Various techniques oflength
eningor widening vein grafts, e.g., for the replace-
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ment of large veins, have been described. These 
are done in emergency situations if no other alter
natives are available. 

Often, extension by means of a synthetic pros
thesis (composite graft) or connection to a disoblit
erated superficial femoral artery are possible. 
Patch grafts can also be harvested from tributaries 
of the saphenous vein or by resecting only a short 
malleolar saphenous vein segment. 

b) Incorporation. The morphologic changes within 
grafts which influence their clinical and functional 
performance can be classified into six groups: 

1. Proliferation of the intima with concentric nar
rowing at the anastomosis or along the whole 
length of the prosthesis 

2. Arteriosclerosis 
3. Fibrosis of the venous valves 
4. Fibrotic scars following a traumatic operating 

technique 
5. Stenosis at the origin of a tributary as a result 

of a ligature or suture at that point 
6. Aneurysmal degeneration 

Although LEXER claimed in 1907 [16] that the re
section of an aneurysm and replacement with an 
autogenous vein graft was the ideal operation, to
day biopathologic research has led to a more real
istic assessment. However, the autogenous saphen
ous vein graft is still unsurpassed, and its effective
ness constitutes the standard for determining the 
suitability of the newly developed prostheses. 

c) Technique of Transplantation. Whether or not 
a vein can be used for grafting is judged intraoper
atively. Its gross macroscopic appearance is evalu
ated, but always with the awareness that touching 
the vein may lead to contraction. Harvesting must 
be performed using a meticulous technique. To 
prevent injury of the endothelium the graft must 
not be pulled too tightly or squeezed. The graft 
should only be picked up by the adventitia [17]. 
Flushing of the graft overcomes spasms and de
tects leakage. However, normal physiologic pres
sure should never be exceeded during this maneu
ver [4]. To prevent osmotic injury, buffered hepa
rinized saline solutions are recommended. The 
graft should stay in contact with the wound as 
long as possible. This minimizes warm ischemic 
time. 

d) Errors and Complications. Insufficiently restric
tive patient selection for the implantation of a great 
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saphenous vein graft is one of the first errors which 
can be made. Examples are: uneconomic harvest
ing, uncertainty of results, usage instead of an
other equivalent prosthesis (dialysis shunt), and 
implantation in an unsuitable position which may 
jeopardize the graft's function. 

During resection, any injury may lead to an 
anastomotic stricture later on. Therefore, small 
branches of the graft should be ligated far enough 
away from the main stem. During implantation, 
twisting of the vessel must be avoided. Pulling the 
graft through a tunneler with a smooth inside sur
face is preferred to positioning the graft using a 
long clamp. 

3. Semiautogenous Grafts 

The theoretically very interesting concept of auto
genous arteriogenesis by SPARKS 1973 [27] deserves 
to be mentioned at this point, even though this 
method has proved impractical without further de
velopment. Likewise, the attempt to induce arte
riogenesis over a prosthetic frame consisting of ab
sorbable synthetic fibers has as yet found no clini
cal application. 

m. Allogenic Grafts 

1. Arterial Allografts 

The implantation of allografts following resection 
of long isthmic stenoses (1948), aortic occlusions, 
and abdominal aortic aneurysms (1950/51) initiat
ed the first period of progress in modem vascular 
surgery. However, because of aneurysmal compli
cations, these arterial allograft techniques were 
soon abandoned in favor of the newly developed 
synthetic prostheses. 

2. Venous Allografts 

Hopes that allogenic transplantation of veins 
would lead to a never-ending supply of biologic 
grafts with the same advantages as a saphenous 
vein graft have not been fulfilled. The grafts were 
harvested during stripping and were implanted in 
a fresh or preserved state [2]. In contrast to arterial 
allografts, they show little antigenicity. They may 
possibly find application in secondary operations 
or as arteriovenous shunts and may also be able 
to offset shortages in the supply of synthetic pros
theses. 
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3. Umbilical Vein Allografts 

Of the allogenic biologic grafts, the human umbili
cal vein is still widely used clinically. By tanning 
with glutaraldehyde as described by DARDIK, it 
is changed into an immunologically inactive blood 
conduit which is supported by a net made of Dac
ron. Thus, the wall is thick and sensitive to incor
rect handling. A scalpel is used to trim the prosthe
sis as needed. Because it is stored in alcohol, care
ful irrigation prior to its implantation is manda
tory. Routine follow-up examinations at intervals 
are recommended for early detection of aneurysms. 

IV. Xenogenic Bioprostheses 

1. Arterial Xenografts 

The immunologic barrier to the transplantation 
of viable arteries from slaughtered animals to hu
mans proved insurmountable. However, by apply
ing complicated techniques, some investigators did 
succeed in converting carotid arteries of calves and 
cows into bovine bioprostheses, which were manu
factured and offered in standard sizes. Although 
early results and suitability of the graft for easy 
implantation were good, aneurysms commonly de
veloped. This led to rejection of the grafts and 
discontinuation of their production. 

2. Semixenogenic Grafts 

New types of biosynthetic prostheses are bovine, 
glutaraldehyde fixed blood conduits, reinforced 
with a net of polyester, which are grown in situ 
on the backs of sheep using the mandril method, 
as described initially by SPARKS (see p. 81). The 
internal surface of the graft is covered by a cellular 
layer of neointima, which makes it suitable for 
the grafting of smaller arteries. Even though final 
assessment of the clinical results presently avail
able is not yet possible, bovine grafts probably 
are of historical interest only. 

V. Synthetic Prostheses 

1. Special Requirements 

In practical terms, synthetic prostheses are the 
most important conduits now being used in vascu
lar reconstruction. This is due to their wide spec
trum and frequency of clinical application [29, 30, 
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33,34]. The requirements which an ideal prosthesis 
must fulfill have been defined many times: 

- Unlimited production of a wide variety of stan
dard qualities, dimensions, and configurations 

- Easy and long-term storage and reliable steril
izability in routine surgical management 

- Mechanical durability in everyday life 
- Biologic compatibility thanks to biochemically 

inert and non-blastogenic materials, without in
duction of a foreign body reaction during the 
healing process 

- Resistance to thrombosis, even under conditions 
of poor flow and low pressure 

- Secure and uncomplicated surgical implantation 
owing to easy penetration of the material during 
suture, flexibility, good anchorage of suture ma
terials, impermeability, twisting and kinking sta
bility, and easy replacement in reoperations 

- Economical aspects: it should at least be resteril
izable and capable of being tailored with mini
mal waste of material 

Surprisingly enough, these conditions have been 
fulfilled to a large extent. Yet, some tasks for the 
future are specified in this negative list: 

- Absence of thrombogenicity on the basis of en
dothelialization rather than physical character
istics and capability of being implanted in im
portant vessels of small size 

- Permanent flexibility instead of fibrotic rigidity 
- Resistance to infection, and finally - although 

impractical at the moment 
- A growing prosthesis 

2. Concept and Categories 

The evolution of synthetic prostheses is not only 
the history of numerous unsuccessful attempts at 
replacing vessels, but also the maturation of the 
concept of arteriogenesis which converts porous 
flexible tubes consisting of suitable synthetic 
fibers into functioning blood conduits by capsula
tion with soft tissue components. Materials and 
manufacturing techniques make numerous combi
nations possible which differ with respect to per
meability of blood during implantation. 

3. Material, Structure, and Modifications 

It is surprising that despite extensive testing with 
very different substances, the material of modem 
prostheses has remained the same for more than 
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30 years, namely, Dacron and - following the solu
tion of several problems in textile manufacturing 
and advances in the production of synthetics -
Teflon [22]. The mechanical, electrophysical, 
chemical, and biochemical properties of polymers 
meet most of the basic and specific requirements 
for synthetic prostheses. Physical bonding of both 
substances by the polymerization of Teflon onto 
microporous woven Dacron microfiber prostheses 
(plasma TFE) presents a possible improvement in 
the future, but at the moment it cannot be assessed 
clinically. The same is true for the interesting de
velopment of transluminally implanted metal pros
theses, as described by MAAS et al. [18]. 

Proper structure should not be thought of mere
ly as a key factor in the implantation procedure; 
structure also plays a crucial role - equal to that 
of the material - in promoting the incorporation, 
and therefore the longevity, of the prosthesis. To
day's generation of prostheses consists of knitted 
or woven Dacron or Teflon and of microporous 
extruded PTFE (Teflon). Easier and more rapid 
fibroblast invasion, facilitated by using highly po
rous prostheses (healing porosity), is preferred to 
higher impermeability of the prosthesis during im
plantation (implantation porosity). 

Modifications: The implantation porosity of a 
prosthesis can be modified either by structure or 
by application. Tightly woven prostheses prevent 
blood loss during operations with the heart-lung 
machine. ePTFE prostheses are initially imperme
able. Sealing grafts with fibrin, albumin, or gela
tine reduces blood loss during implantation and 
exposes the prosthetic frame following absorption. 
Parts of the trimmed grafts remaining after the 
operation, however, cannot be resterilized. 

The firm anchorage of sutures is attained by 
coating the outer and inner surfaces of the prosthe
sis or both with velour. A modified method of 
textile processing is employed for this purpose. 
Stability against kinking and collapse, achieved by 
crimping the prosthesis, makes implantation easi
er. As in the cartilage structure of the trachea, 
externally attached rings or spirals consisting of 
radiopaque polypropylene fabric support joint
spanning prostheses. They are sometimes a hin
drance in reintervention. To avoid twisting, mark
ing lines are drawn on the external surface of the 
prosthesis. 

The improvement of prosthesis resistance to 
thrombosis is of crucial importance in the recon
struction of medium and small arteries. The results 
of many attempts to influence the interaction be-
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tween the inner surface of the prosthesis and the 
blood components (electrophysically, heparin 
bonding, hydrophobic polymers, etc.) show that 
endothelial seeding is the most promising method. 
However, this technique has not yet found wide
spread clinical applications, so that drug therapy 
is still the only way of preventing thrombosis. 

Similar developments are seen in the improve
ment of prosthesis resistance to infection. Antibiot
ic bonding techniques have not replaced peri opera
tive antibiotic therapy. The smallest bacterial ad
herence is seen in ePTFE prostheses. 

Further improvements aim at the structural sta
bility of the prostheses by elaborate knitting tech
niques to prevent dilatation after implantation. 
Also, the hemodynamic properties have been per
fected and surgical implantation simplified. 

4. Incorporation 

The incorporation of a synthetic prosthesis within 
the human body is a very complex process. Only 
some practically important findings shall be dis
cussed here. 

The idealized conception of former experimen
tal investigators that the synthetic frame is pene
trated and covered by connective tissue, leading 
to an outer and an inner intimalike capsule cannot 
be applied to humans. Except for the fixation of 
the outer velour surface to the surrounding tissues, 
active incorporation, including endothelialization, 
is only present to some degree at the site of the 
anastomosis. The large surfaces of the prosthetic 
body are lined with a layer of fibrin of varying 
thickness. This is attached to the velour fibers. In 
contrast to animals, in which such coating with 
fibrin represents a transitional stage in the forma
tion of neointima, in humans this fibrin film re
mains in a state of equilibrium between flowing 
blood and the prosthetic surface without progres
sive thickening. This explains the maintenance of 
function, despite incomplete incorporation on the 
one hand and the fine vulnerable balance between 
external and hematogenous complications on the 
other. 

5. Specific Prosthetic Complications 

The pathology of prostheses, a risk inherent in sci
entific progress, begins with the worsening of com
mon vascular complications as they are found in 
all types of reconstruction. Besides the risk of 
thromboembolic occlusion following intimal dis-
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section, susceptibility to infection poses a great 
problem. Though the modern generation of pros
theses allows for a differentiated treatment, de
pending on the location of the infection close to 
or for away from the anastomosis, the foreign 
body character of the prosthesis itself decides the 
final outcome. Late infections may not only occur 
as a consequence of arrosion into neighboring bac
teria-containing structures such as intestines, 
bronchi, ureter, but also by hematogenic spread, 
leading to septic symptoms in patients with pros
theses. Such a complication is extremely severe and 
needs very special intensive treatment. Another 
difficulty is the explantation of an infected velour 
prosthesis which is very firmly embedded in con
nective tissue. 

At the anastomosis, partial and total disruption 
at the suture line (pulsating hematoma or avul
sion) caused by technical errors is usually limited 
to the early postoperative period. On the other 
hand, a false aneurysm is a typical late complica
tion [8]. Its pathogenesis, diagnosis, and treatment 
are discussed elsewhere (see p. 173). A common 
cause of early reocclusions is intimal hyperplasia 
which, however, may also occur in patients with
out synthetic prostheses solely on the basis of 
hemodynamic disorders, e.g., following carotid 
disobliteration or autogenous vein bypass. 

Other specific complications in synthetic pros
theses are structural defects. These can be caused 
either by dilatation of the synthetic texture or by 
the more dangerous disintegration following frag
mentation and disruption of synthetic fibers. Such 
defects are usually attributable to errors made dur
ing manufacture or handling; they seldom result 
from the simple wearing out of the prosthetic ma
terial itself[20]. 

Within the prosthetic bed, disorders of incorpo
ration are: incomplete attachment to the surround
ing connective tissue and diapedetic hemorrhage 
due to an unabsorbed hematoma and periprosthet
ic seroma or "incompatibility." A true immuno
logic reaction is less probable. Prolonged infec
tions were not seen in such cases. Incorporation 
was achieved by exchanging the prosthesis with 
a synthetic graft of a different material. Peri pros
the tic fibrosis can lead to rigidity and compression, 
e.g., of the ureter. Arrosions of structures immedi
ately surrounding the suture line usually lead to 
septic complications. They can also occur at a dis
tance from the anastomosis. Finally, because neo
plasms have been reported in the vicinity of syn
thetic prostheses, the question has once again been 
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raised as to whether synthetic grafts induce tumor 
growth [32]. This discussion, however, has had no 
effect on the use of synthetic prostheses in vascular 
surgery. 

6. Technique of Implantation 

The most relevant practical questions concerning 
implantation of the prosthesis are summarized in 
the checklist below: 

1. Is the assortment complete? 
- Standard sizes, standard variations? 
- Has the demand been calculated? Is it eco-

nomical? 
2. Storage: 

- Have the prostheses been stored correctly 
(temperature, humidity, exposure to light, 
etc.)? 

- Inventory, order list? 
- Are the resterilized prostheses appropriately 

marked? 
3. Sterilization: 

- Have the manufacturer's instructions been 
observed? 

- How should the prosthesis be packaged? 
- Steam sterilization? 
- Maximum storage time? 
- Correct labeling: type of prosthesis, number, 

length, diameter, date of sterilization? 
4. Operating nurse: 

- Has the prosthesis been removed from the 
package under strict aseptic conditions? 

- Have the data been checked? Tracer label? 
- Keep the prostheses covered until they are 

implanted! 
- Present the prostheses only on a clean, sterile 

cloth! 
- Touch and tailor it only with clean instru

ments! 
- Save unused parts of the prosthesis for rester

ilization or use them for training purposes 
following disinfection. 

5. Surgeon: 
- Check the indication for surgery: Is there no 

alternative? 
- Choice of prosthesis: type, diameter to fit the 

host artery, porosity? 
- Suture material: "Standard" or a special 

needle - suture combination? 
- Has the prosthesis been measured for correct 

length? 
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- Has a safety centimeter been added? In an 
ePTFE prosthesis high precision is necessary! 

- Is the angle of take-off appropriate? 
- Has the prosthesis been trimmed exactly? 

Has it been checked for any damage? 
- Should preclotting be performed according 

to the standard method or an alternative 
technique [12]? 

- Are the distances between the stitches ade
quate to prevent fraying of the prosthesis and 
tearing of the edge of the host vessel? 

- Are the edges of the anastomosis everted and 
approximated enough to guarantee tight clo
sure? 

- Is the suture technique adapted to the type 
of suture material used? 

- Are supplementary sutures practical and nec
essary? 

- Are the vessels clamped carefully, is undue 
strain impossible? 

- Have the flushing maneuvers prior to restora
tion of blood flow been done carefully and 
without large blood loss? 

- Has complete hemostasis been obtained in 
the operative field? 

- Are the prostheses surrounded by living tis
sue? 

- Is drainage necessary? 
- Have the results of the reconstruction been 

checked? 
- Is a correction necessary? 
- Has the particular procedure been explained 

to the resident in training? 
- Was a sketch made of the operative situs for 

purposes of documentation? 
- Were notes made on the course of the opera

tion? 
- Were the results and potential complications 

written down? 

6. Ward physician: 
- Inform and instruct the patient! 

7. Postoperative Care 

a) Postoperative Treatment. The basic principles of 
postoperative treatment are modified according to 
the specific regional and pathologic situation of 
the reconstructed vessel in each patient. Early mo
bilization is preferred. However, in joint-spanning 
procedures, in difficult anastomoses, and in high
risk patients it may be postponed for 1-2 days, 
depending on the patient's condition. Antibiotics 
in single-shot or short-term administration [31] 
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and anticoagulants or antiaggregants, respectively 
[5], are administered following the usual guide
lines. Adjuvant measures such as the improvement 
of microcirculation during the immediate post
operative period are not generally accepted. 

b) Basic Prophylactic Measures in Vascular Dis
ease. These measures are an absolute necessity in 
preventing the progression of the underlying arte
rial disease as well as secondary pathologic 
changes within the reconstructed segment. 

c) Guidelines for the Patient with a Prosthetic 
Graft. The patient should be instructed to protect 
the reconstructed segment from mechanical over
stretching, compression, or kinking without limit
ing normal everyday activities. Furthermore, the 
patient should avoid positions which cause stasis 
and should conscientiously check the pulse. The 
patient should be informed that in the event of 
weakening of the pulse or other signs of reduced 
blood circulation, a service operation (see p.460) 
can avoid extensive surgical reintervention. If the 
patient consults a physician because of any symp
toms, the patient should inform the physician of 
the implanted prosthesis. The patient should avoid 
injections in the area of the inguinal lymph nodes 
(insulin injections), to prevent possible bacterial 
contamination of the graft. If a puncture of the 
prosthesis for diagnostic or therapeutic reasons is 
ever planned, the patient should insist on alterna
tives having a lower risk. Such punctures are by 
no means harmless, as is often asserted by some 
authors [23], who seem to ignore the potential ha
zards of prosthetic graft pathology. 

d) The Physician's Duties in Caring for the Patient 
with a Vascular Prosthesis. Patients with vascular 
reconstructions, especially vascular replacement, 
need lifetime follow-up care. This starts with the 
passing on of information to the patient and to 
the family physician. Follow-up examinations 
should be planned at regular intervals. During 
clinical examination, attention must be paid to the 
region of the anastomosis and the course of the 
prosthesis by checking for expansive pulsation, 
condition of the skin above the suture site, etc. 
In addition, noninvasive imaging techniques 
should be used more often, especially sonography, 
and, if necessary, computerized tomography. Fur
ther diagnostic procedures such as intravenous 
pyelography, X-rays of the gastrointestinal tract, 
gastroscopy, etc., should be considered if symp-
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toms following aortoiliac reconstructions lead one 
to suspect a complication. If symptoms are obscure 
and the clinical course is atypical, one should al
ways think first of a possible complication and 
try to exclude it. A good example is recurrent gas
trointestinal hemorrhage as a manifestation of 
either a late infection or a gastroenteric fistula at 
the aortic anastomosis (see p. 177). 
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A. Development of Microvascular Surgery 

With modem techniques of vascular surgery, very 
good results can be achieved in large vessels. How
ever, these methods have not been successful in 
vessels smaller than 3 mm in diameter. Here, total
ly new surgical techniques had to be developed. 
Magnifying instruments were needed because care
ful manipulation of the very fine structures was 
not possible with the naked eye. Magnifying 
glasses, and especially the operating microscope, 
led to the breakthrough. At the same time, fine 
instruments and suture materials were developed. 

Following the first attempts to anastomose such 
small vessels successfully [18], the rapid further 
development of these methods during the last two 

decades has led to their application in many differ
ent fields of clinical medicine. BUNCKE et al. were 
the first to report [10] on reimplantations of body 
parts in animal experiments. The first reimplanta
tion in humans was done by TAMAI [19] in 1965. 
The first to report on vascularized free flaps were 
DANIEL and TAYLOR [13], after HARII [16] had al
ready done such transplantations in humans. 

Today these techniques are found in two main 
clinical fields: the reimplantation of peripheral
body segments and tissue transplantation. 

Beyond this, the technique of microvascular 
surgery has spread into almost all surgical disci
plines because of the possibility of operating on 
anatomic structures with the finest atraumatic 
methods. This has led to refined surgical tech
niques such as recanalization operations of the 
fallopian tubes, spermatic ducts, etc. 

B. Equipment 

I. Operating Microscope 

The simplest instrument for magnification is the 
magnifying glass which can be used up to a magni
fication of x 6. Beyond this, an operating micro
scope is needed. Following its introduction by Ny
LEN (1935) in the field of otolaryngology, it was 
used in ophthalmology. Further development, al
ways in close contact with clinical needs, has made 
operating microscopes available today which can 
be put together in a modular fashion so that they 
can be adjusted to each and every situation. In 
microvascular surgery, the OPMI 2 and the OPMI 
7D of the Zeiss Company have proved especially 
reliable. The most important features of an operat
ing microscope are: 

1. Good mobility and an adequate distance from 
the operating area 

2. Binocular steroscopic vision for surgeon and 
assistant 
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3. A well-illuminated operating area 
4. Continuous adjustment of magnification, as 

well as focusing by foot pedals 
5. Photographic or video facilities 

Further information can be obtained from the 
manufacturers. 

n. Operating Chair (Fig. 6.1) 

Special operating chairs have been developed in 
order to guarantee steady handling of microsurgi
cal instruments without fatigue. Their main advan
tages are that they have adjustable armrests. These 
support the forearm from the elbow to the wrist, 
allowing the surgeon to handle the instruments in 
a very secure and steady manner. Furthermore, 
one can smoothly adjust the height of the chair 
in a vertical direction, which is especially impor
tant when operating with a microscope. 

In. Instruments (Fig. 6.2a-j) 

On the one hand the basic instruments in micro
vascular surgery are very simple, while on the 
other hand they are of very high precision. 

Mainly, two straight and one curved watch
maker's forceps (jeweler'S forceps) of about 12 cm 
in length are used. The microsurgical needle holder 
cannot be locked. Only very little pressure should 
be needed to close the holder. Its form should be 
round so that delicate handling of the needle with 
the fingertips is possible without turning the hand. 

Furthermore, one needs straight and curved 
bulldog scissors. Of great importance are the vessel 
clamps which are needed for temporary occlusion 
of the vessel stumps. The pressure on the vessel 
wall should be as light as possible in order to avoid 
vessel wall injury. However, the clamp has to oc
clude the vessel securely and have a good grip so 
that it does not slip off when touched, owing to 
the extraordinary flexibility of the vessel wall. 
Beyond this, its outer surface should be smooth 
and compact and also closed so that no suture 
material becomes entangled. 

Experimental studies have shown that a closing 
pressure of 20 gjmm 2 is a good compromise 
among all of the requirements listed above. 

Some surgeons use a vessel adapter. Such an 
adapter serves to stabilize the ends of both vessels 

Fig. 6.1. 
Operating chair 
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and to approximate them so that a tensionless su
ture is possible. The great tension between the dis
tal and proximal ends is usually overcome by a 
slight twisting of the vessel stumps during approxi
mation. This allows the suturing to be done; how
ever, after removing the instrument, the tension 
on the anastomosis is too great. According to our 
experience this usually leads to thrombosis. Be
cause many adapters do not have a device for fine 
regulation of clamping pressure, we only use such 
adapters in experiments or for training, and never 
in routine procedures. 

For exact cutting of very small vessels and nerve 
endings, special scissors with a guillotine-like cut
ting edge have proven very useful. Unlike normal 
scissors, which keep pushing the tissue forward, 
these totally encircle the small structures. When 
using these scissors, fixation with forceps is not 
needed. In very thin-walled veins, it is often very 
difficult to obtain a full view of the lumen because 
the front and back walls stick together. A special 
spreading instrument has proven very useful in 
overcoming these difficulties. 

Bipolar coagulation is extremely important in 
microvascular surgery as it is the only method of 
effecting a precision hemostasis of the very delicate 
vessels. 
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Fig. 6.2a-j. Basic microsurgical instruments. a--c For
ceps, d, e scissors, f round needle with sharpened point, 
g, h vascular clamps, i vessel adapter, according to 
BIEMER, j vessel-spreading instrument, according to 
BIEMER 

IV. Suture Materials 

In microvascular surgery, the suture materials used 
are monofilament polyamide or nylon sutures in 
sizes 10 x 0 or 11 x 0 (25 or 15 11m thick). Sutures 
12 x 0 in size (about 10 11m thick with metal-coated 
points; O'BRIEN 1973) are not usually used in rou
tine procedures. They are sometimes employed in 
lymphatic - venous anastomoses or in experiments 
on very small laboratory animals. 

Recently, absorbable polyglycol sutures in these 
sizes have become available. Their clinical use still 
has to be tested. First investigations show that 
when used for nerve sutures they are not absorbed 
soon enough and are therefore an obstacle to 
growing axons. 

These suture materials come with swaged-on 
round needles that have a 3/8 circle (BV4-, BV6-
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needles from the Ethicon Company). For a better 
grasp by the needle holder, modem needles are 
flattened over their posterior third. Some surgeons 
prefer sharpened needle points. 

C. ~crosutureTechniques 

I. General Remarks 

Experimental training on a model or an animal 
is always necessary before practicing and learning 
microvascular surgical techniques. Working under 
the microscope requires special training if one is 
to be able to manipulate the microsurgical instru
ments blindly and confidently in the small magni
fied operating field. Even the assistant must have 
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great precision and manual skill in these proce
dures as it is possible to jeopardize or destroy the 
success of the whole operation by one clumsy 
movement or through false handling of the vessels. 

The small vessels are always picked up by the 
adventitia, using jeweler's forceps. Touching the 
intima should always be avoided. The knots are 
tied only instrumentally. The knots are always tied 
under direct vision, that is, until both edges of 
the vessel are adapted well. One can use the long 
sutures (about 20-25 cm) available commercially 
or short ones 5-7 em in length. When using long 
sutures the needle must be released and put down 
after every stitch and the whole length of the su
ture pulled through the tissue. For the next stitch, 
the needle must again be picked up and grasped 
by the needle holder. In our experience, this tech
nique is very time-consuming and leads to entangle
ment and fixation of the suture. This is why we 
cut the suture down to 5-7 em. This allows for 
the needle to be held at all times and for a complete 
exposure of the whole suture during the sewing 
process. It is a basic principle to avoid tension 
at the anastomosis. We do this by incorporating 
the weakest point of the suture into the tying pro
cess which at the same time provides a good indi
cation of the tension at the anastomosis. This 
weakest point is the segment where the needle is 
fixed to the suture material. If during the tying 
process both vessel edges cannot be adapted far 
enough and the suture tears at its weakest point, 
then the tension is too great. Under such circum
stances the vessel stumps have to be approximated 
by further preparation, or a venous graft has to 
be interposed. 

Anastomoses near vascular bifurcations or 
curves have to be avoided (turbulence). Further
more, a small vessel should never be connected 
to a larger vessel as considerable turbulence may 
occur here as well. Although in the early days of 
microvascular surgery only end-to-end anasto
moses were performed, today the end-to-side anas
tomosis is preferred, especially in tissue transplan
tations. The view during suturing is improved by 
putting a colored rubber or plastic strip under the 
vessel. 

II. End-to-end Anastomosis (Fig. 6.3a-i) 

In an end-to-end anastomosis of small arteries, a 
right-angled dissection plane is chosen instead of 
an oblique one as with larger vessels (Fig.6.3a). 
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The vascular stumps are occluded with clamps and 
stabilized (some surgeons achieve stabilization by 
using a double-clamp adapter.) To complete the 
suture, both vascular edges have to lie next to each 
other without tension. The periadventitial tissue 
and the adventitia are retracted in order to prevent 
them from falling into the lumen. The vascular 
lumen is carefully dilated with a jeweler's forceps 
(Fig. 6.3 b). This gives a better view and eliminates 
spastic narrowing of the vessel. With this tech
nique, one can compensate some differences in the 
diameter of the two vessel ends. Afterward, the 
lumina are flushed with a warm heparinized nor
mal saline (10 units/ml; Fig. 6.3c). The anastomo
sis is completed with interrupted sutures tied in
strumentally in the order 2, 1, 1, always using 
square knots. The needle holder is held like a pen. 
The suture should not be longer than 5-6 cm so 
that its whole length is visible within the operating 
field. The needle is inserted tangentially, not verti
cally, and, as with a skin suture, from the outside 
inward through all layers of the vessel wall, includ
ing the intima (Fig. 6.3d). Inserting the needle tan
gentially almost completely eliminates the danger 
of catching the back wall of the vessel. The dis
tance of the suture from the vascular edges should 
be about twice the wall thickness. 

When pushing the needle through, one has to 
be very careful to avoid catching the posterior 
wall. The stitch is completed by inserting the su
ture through the wall of the opposite stump from 
the inside to the outside. The needle is picked up 
by a microforceps, and the suture is pulled through 
until its end is clearly visible and has reached an 
accessible position. 

When the needle is raised toward the lens of 
the microscope and then returned to the operating 
area, a loop is created which is directed toward 
the needle holder (Fig. 6.3e). This makes it easier 
to tie the knot. The vessel edges are approximated 
until they touch each other. One end of the suture 
is kept long in order to use it as a stay suture 
later on. 

The second suture is placed at a distance of 
about 1200 (COBBETT [11] asymmetric biangula
tion; Fig. 6.3f). Now, when traction is placed on 
both stay sutures, the posterior walls are pulled 
apart so that the surgeon has a better view of the 
anastomosis and can avoid accidentally catching 
the anterior wall when suturing the posterior wall. 

The suture of the front wall is now completed 
(Fig. 6.3 g). The vessel is then rotated by turning 
the double clamp or both vascular clamps 
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Fig. 6.3a-i. Microsurgical end-to-end anastomosis 
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(Fig. 6.3 h). If rotation is not possible for spatial 
or anatomic reasons, the posterior wall may be 
sutured by means of a climbing technique in which 
each previously tied suture is left long and used 
for traction. 

Basically, arteries and veins are sutured in the 
same fashion. Because the pressure in a vein is 
much lower than in an artery, only 4-6 stitches 
are needed to complete the anastomosis of a vein 
1 mm in diameter. In an artery of the same size, 
8- 10 stiches are required. 

After completion of the anastomosis, first the 
distal and then the proximal clamps are removed. 
For a few minutes the anastomosis is covered with 
gauze in order to achieve hemostasis. Final closure 
is achieved later by means of a platelet thrombus 
(Fig. 6.3 i). 

ill. End-to-side Anastomosis (Fig. 6.4a, b) 

Experiments show that angulation at the anasto
mosis between the vessel and the lumen being su
tured to it is not of great importance. This is why 
the right-angled anastomosis technique is pre
ferred. 

An oval patch large enough for the anastomosis 
is cut out of the wall of the host vessel. Some 
authors recommend only a transverse incision 
which becomes a round hole under the tension 
of the vascular wall (Fig. 6.4a). 

First, two sutures are placed 1800 from each 
other at both corners of the incision (Fig. 6.4 b). 
If the vessel cannot be rotated for direct visualiza-
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tion of the back wall, the back wall should be 
sutured first, followed by the front wall. It is advis
able to place the last 2-3 sutures without tying 
them immediately. This makes it possible to main
tain a better view during completion of the anasto
mosis. 

The end-to-side anastomosis has the advantage 
that differences in diameter no longer matter and 
main vessels do not have to be transected during 
anastomoses of grafts. 

IV. Telescopic Anastomosis (Fig. 6.5a--c) 

As microsurgical techniques were being developed, 
there were many attempts to simplify suture tech
niques so as to speed up the anastomosis and 
achieve hemostasis sooner, thereby minimizing 
blood loss. For example the attempt was made 
to stabilize the anastomosis with 2-3 stay sutures 
and prevent leakage by filling the spaces in be
tween with fibrin glue [21]. To facilitate hemosta
sis, plastic strips were wrapped around the anasto
mosis for a few minutes, or sometimes even a vein 
segment was slipped over the anastomosis. How
ever, these techniques were never of any clinical 
value. The best solution seems to be the telescopic 
anastomosis which is performed by pulling a sec
tion of the vessel into the opposite lumen in the 
direction of blood flow (see Fig. 6.5a). Stabiliza
tion is established by two corner sutures placed 

Fig. 6.4a, b. Microsurgical end-to-side anastomosis 
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Fig. 6.S a--c. Telescopic anastomosis 

exactly opposite to one another (Fig. 6.5b, c). The 
telescopic anastomosis is suited to situations in 
which the distal vessel is of greater diameter than 
the proximal one. Otherwise, kinking and distor
tion of the invaginated vessel is possible. Further
more, this suture technique is successful only if 
completed in the direction of blood flow. Because 
in tissue transplantation and reimplantation the 
distal vessel is usually smaller than the proximal 
one, the telescopic anastomosis has limited indica
tions. Beyond that, the end-to-side anastomosis is 
preferred because it preserves the continuity of the 
larger vessel. 

V. Anastomosis of Vessels with Different 
Diameters (Fig. 6.6a-d) 

Whenever possible, only vessels of the same or 
nearly the same diameter should anastomosed to 
one another. If this is not possible for anatomic 
reasons and if a direct end-to-end anastomosis 
seems too risky, one of the following techniques 
should be applied: 

a) Dilatation (Fig. 6.6a) 
b) Fishmouth incision (Fig. 6.6b) 
c) Oblique transection (Fig. 6.6c) 
d) Venous graft interposition (Fig. 6.6d) 

When using the fishmouth method it is often very 
difficult to achieve an exact adaptation of both 
vessel ends. 

If the edge of the smaller vessel is cut obliquely, 
the anastomosis may develop kinking later on, 
which can lead to thrombosis. 

Therefore, we recommend the interposition of 
a venous graft. Because of the great elasticity of 
the walls of the vein, one end of the graft can 
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Fig. 6.6a-d. Anastomosis of vessels with different diame
ters. a Variable dilatation, b fishmouth incision, c ob
lique transection, d interposition of a venous graft after 
its ends have been dilated to fit the different calibers 
of the host vessel 

be dilated to about three times the size of the other 
end. This ensures nonturbulent continuous blood 
flow at the anastomosis. 

VI. Venous Graft Interposition 

Venous graft interposition plays an important role 
in microvascular surgery for such clinical applica
tions as reimplantation and tissue transplantation. 

Indications for microvenous graft interpositions 
are as follows: 
1. Vascular defects 
2. Tension at the anastomosis 
3. Vascular shunts 
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4. Anastomosis of vessels with different diameters 
5. Difficult anastomoses of very short vessels lo

cated deep in the wound (difficult to achieve 
good suture of the back walls by turning the 
vessel over because rotation is not possible) 

Donor sites for small vein grafts : The best areas 
for obtaining rnicrovenous grafts are the volar side 
of the wrist or the dorsum of the foot. There, one 
finds a clearly visible and easily dissectable venous 
network with vessels in suitable sizes, about 1-
3 mm in diameter. They protrude when only slight
lyobstructed. 

Technique of small vein graft interposition: Be
fore implantation of the grafts, exact ligation of 
all tributaries must be carried out carefully; other
wise, clots will form at these sites. 

Careful ligation is best performed under the mi
croscope using 10 x 0 nylon purse-string ligatures. 
The graft must not be damaged, and the surround
ing tissue must be removed. It should be kept 
moist with normal saline to prevent drying out. 
Where venous grafts are used between arteries, the 
veins must be reversed before insertion because 
of their valves. 

Rules for venous graft interpositions: 
1. Equivalent diameter 
2. Correct length of graft 
3. Removal of periadventitial tissue 
4. Exact ligation of tributaries 
5. No angulation of arterialized vein grafts 

Before harvesting a vein graft, one should carefully 
estimate its diameter since spastic contraction of
ten occurs following dissection. In such cases, 
pseudoaneurysmal dilatation may result after the 
spasm has subsided, often revealing a graft too 
great in diameter. 

In oblique arteriovenous - arterial connections, 
distortion of the arterial stump must be avoided. 
Otherwise, pulsation causes straightening of the 
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arteries, followed by tWIstmg and narrowing of 
the vein graft. In conjunction with the acute angle 
at the anastomosis, thrombosis may occur at this 
site. 

VU. Lympbatic Vessels 

After accomplishing the successful anastomosis of 
small blood vessels, the next logical step was to 
try to connect lymphatic vessels using the same 
microscopic techniques. Indications for such oper
ations were congenital and secondary lymphede
ma, such as lymphedema of the arm following rad
ical mastectomy or axillary irradiation. 

In the former group, the application of micro
surgery is limited by agenesis of the lymphatic vas
culature, especially of the collecting vessel. In the 
latter group, interrupted lymphatic vessel must be 
reconstructed or bypassed. Basically, there are two 
ways of accomplishing this:' 

1. Drainage of the lymph into the venous system 
(lymphatic - venous anastomosis) 

2. Bypass of the interrupted lymphatic vessel by 
autogenous lymphatic or venous graft (see 
p. 798). 

D. Functional Tests for Anastomoses 
(Fig.6.7a-c) 

After completing a small vessel anastomosis, it is 
often very difficult to decide if there is blood flow 
through the vascular connection. Peripheral arteri
al and venous return may fill the vessel on both 

Fig. 6.7a-c. Functional test of the anastomosis using 
two jeweler'S forceps 
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sides of the anastomosis, making this assessment 
even more difficult. Furthermore, a transmitted ar
terial pulse wave may simulate arterial pulsation 
distal to the suture line. The best proof of good 
flow at the anastomosis is, of course, visible perfu
sion of a reimplanted finger or of a transplanted 
tissue block. However, because this process is often 
delayed, a method of immediate assessment is 
needed. 

The simplest technique is to express a portion 
of the vessel in the direction of the blood flow 
using a microsurgical forceps while at the same 
time occluding the vessel just distal to the anasto
mosis with a second forceps (Fig. 6.7 a). Then, with 
pressure still on the first forceps, so as to maintain 
occlusion and prevent possible reflux, the pressure 
on the second forceps is released; if the anastomo
sis is intact, the vessel segment will be filled. The 
time needed for complete filling can be used for 
assessing a free or obstructed blood flow 
(Fig. 6.7b, c). One can distinguish between a local
ized or a transmitted pulsation by exerting tension 
on the pulsating vessel part in the direction of the 
segment to be examined. Such tension interrupts 
the transmission, and the tension release intensifies 
autonomous localized pulsation. 

E. Thrombosis and Thrombectomy 

Naturally, the severest complication in microvas
cular surgery is thrombosis at the suture line. 

Expressing thrombotic material in the direction 
of blood flow is usually not successful because the 
cause of thrombosis is not eliminated. Therefore, 
recurrence is frequent. 

Causes of thrombosis: 
1. Unrepaired vascular wall damage, especially to 

the intima 
2. Traumatic suture technique 
3. Catching the back wall 
4. Inverted adventitia 
5. Anastomosis under tension 
6. Connection of a vein to an artery 
7. Unintended suturing and fixation of valves in 

the veins 
8. A nearby tributary (formation of turbulence) 

Therefore, it is necessary to resect the anastomotic 
site together with a small portion of the vessel 
containing the thrombus. A venous graft is then 
usually needed in most cases to bridge the defect. 
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Total occlusion of the anastomosis should al
ways be detected as early as possible and should 
be corrected immediately. Stasis very quickly leads 
to enlargement of the thrombus which may spread 
into the capillary bed and become irreversible. In 
such a case, the smallest Fogarty catheter or flush
ing with heparinized normal saline may help. 

If there is only an obstruction of the venous 
outflow and this cannot be eliminated, it is possi
ble to prevent dangerous stasis in replants and 
transplants by other methods: 

1. By exsanguination 
2. By applying leeches 

The blood which cannot flow through the venous 
system can be drained into the wound dressing 
through evenly distributed skin incisions. The 
measure is supported by systemic heparinization 
of the patient. It must be taken into account that 
this procedure may provoke severe bleeding which 
must be under constant observation by measuring 
hemoglobin and hematocrit levels. If necessary, 
blood transfusions must be given. A more elegant 
method is the application of leeches at regular in
tervals. By sucking the blood they facilitate good 
drainage of the venous congestion. These manipu
lations must be carried out until the 6th to 8th 
postoperative day, after which the necessary vas
cular connections have developed by spontaneous 
capillary growth. Because large amounts of blood 
are usually lost and transfusions are necessary, 
these methods should be applied only under spe
cial conditions with a strict indication. 

F. Drug Therapy 

All pharmacologic alternatives are used in the pre
vention of thrombosis. 

Today, heparin is applied intraoperatively only 
as a local flushing agent, or it is given for a limited 
time (5000 units per 60 kg body weight). It is given 
postoperatively only in some instances where spe
cial indications in reimplantation surgery make it 
necessary (Chap. 14). Coumarin preparations have 
been given mainly as long-term preparations fol
lowing reimplantations in China. 

Dipyridamole and acetylsalicylic acid are given 
to block platelet aggregation. We give 20 mg dipyr
idamole intraoperatively and postoperatively as a 
compound preparation orally for 6 days (Asasan
tin, Thomae). Low molecular weight dextran 
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(Rheomacrodex, Knoll) has proven very efficient 
in improving microcirculation. This is also admin
istered before reestablishing blood flow. During 
the postoperative period, 500 ml is given daily for 
6 days in adults. Today, Promit (Knoll) must be 
given prior to dextran because of possible allergic 
reactions. 

However, drug therapy has lost its importance 
in microvascular surgery. Today, most operations 
are done without any adjuvant drugs. Refined 
technique provides better results than any medica
tion could ever achieve. 

G. Clinical Application 

I. Replantation of Peripheral Body Segments 
(Micro- or Small Replantation) 

In addition to the now relatively common reat
tachment of amputated hands, microsurgical re
plantation has also been employed with remark
able success in dealing with other, less common 
injuries, such as scalping, avulsion inuries to the 
face, and amputations of the penis or the foot 
(Chap. 14). 

ll. Vascularized Free Flaps 

Until now, defects of soft tissue or larger tissue 
parts such as bones, muscles, joints, thumbs, and 
long fingers could not be replaced at all. It is in 
this field that microvascular surgery has made an 
essential breakthrough and created new possibili
ties that surgeons for centuries could only dream 
of. The basic principle is to resect tissue or a tissue 
block together with its vascular supply and con
nect it to vessels at the site of the defect. The inten
sive study of the anatomy of peripheral nerve and 
vascular systems form the anatomic basis of this 
technique. Today, almost every loss can be re
placed using the right flap. We distinguish: 

Vascularized free flaps: 
a) Simple flaps, consisting of skin and subcutane

ous tissue 
b) Combined flaps: 

1. Myocutaneous flaps, consisting of muscles, 
skin, and subcutaneous tissue 

2. Osteocutaneus flaps, consisting of bone, 
skin, and subcutaneous tissue 
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3. So-called sensitive flaps, consisting of simple 
flaps together with their nerve supply 

4. Tendinocutaneous flaps, consisting of simple 
flaps with the corresponding tendons at
tached to them 

Single Tissues: The following tissues may be trans
planted: Muscles, epiphyses, thumbs, omentum, 
bones, parts of the gastrointestinal tract. 

Complex Transplants: Toes, two toes en bloc, 
or a combination of simple flaps with different 
single tissues as needed. Such transplants have re
placed other methods such as pediculated flaps 
which were formerly used to cover defects. 

ill. Surgery of the Lymphatic Vessels 

Today, there are many procedures which can be 
applied in this field (see p. 791 ff., 796 ff.). 
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7.1 General Procedures in the 
Management of the Vascular Surgical 
Patient 
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which naturally have a much higher general risk. 
In elective vascular surgery, the patient's individ
ual status must be considered. Besides preopera
tive reduction of local and general risk factors, 
a very important part of treatment as a whole is 
the postoperative therapy and follow-up. The lat
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in successful therapy. 
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Most patients who need vascular surgery have sev
eral risk factors and other diseases which raise the 
risk of anesthesia and surgery considerably [1]. 
The patient's preoperative condition is a very im
portant parameter of surgical risk as shown by 
the American Society of Anesthesiologists in over 
34000 patients (general overview in [11]). 

Especially in the group of vascular surgical pa
tients, preoperative risk is about two to three times 
higher than in general surgical patients [1]. Of 
course, this influences the surgeon's judgement of 
the patient's operability. 

In elective vascular surgery, it is possible to 
treat the patient preoperatively in cooperation 
with the internist and anesthesiologist. This is not 
the case if vascular operations have to be per
formed under urgent or emergency conditions, 

I. Improvement of Local Operating Conditions 

1. Weight Reduction 

Overweight raises the chance of local wound com
plications, especially deep wound infections with 
considerable risk to the extremity, or even to life. 
It also causes operative difficulties, thereby pro
longing the duration of surgery. If elective surgery 
is planned, there is usually enough time for the 
reduction of body weight. There are different ways 
of reducing weight which are mentioned on p. 103. 
Success depends on the patient's motivation, men
tality, and compliance; however, the physician has 
great influence on all of these. 

2. Prophylaxis Against Infections (see p. 166) 

The implantation of vascular prostheses must al
ways be approached as a highly aseptic procedure. 
That it usually is explains why wound and prosthe
sis infections are very rare (1 %-16%). General 
pre- and peri operative prophylaxis with antibiotics 
is not indicated [5]. 

However, deep infection of a surgical wound, 
usually in the inguinal region and orginating from 
an infection of a graft or anastomosis, is one of 
the most dangerous complications of any vascular 
reconstruction. Its consequences are dehiscence, 
anastomotic aneurysm (pseudo aneurysm), and 
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life-threatening septic thrombosis. The following 
measures may be undertaken to prevent such com
plications: 

- Hygiene of the inguinal region. If necessary local 
antibiotic, antimycotic, or antiseptic treatment 

- Preoperative antibiotic treatment (determina
tion of antimicrobial sensitivity!) of infected dis
tal necroses (danger of lymphatic spread of bac
teria from the groin) 

- No preoperative angiograms within the desig
nated operating area (arterial puncture, ifpossi
ble, on the opposite side) 

- Preoperative percutaneous transluminal angio
plasty attempts using, if possible, a cross-over 
technique from the contralateral side to preserve 
the operating area 
Treatment of defects of host defense (immune 
defects) and bacteremia of different etiology 
and, if necessary, antibiotic prophylaxis 

- Preoperative weight reduction (see p. 103) 

3. Treatment of Edema in Chronic Venous 
Insufficiency 

If a patient needing vascular surgery has chronic 
venous insufficiency, with or without visible ede
ma, it is important to eliminate congestion preop
eratively as such patients have a higher risk of 
developing deep vein thrombosis postoperatively. 
Raising the foot of the bed (20-30 cm) and com
pression (elastic bandages, intermittent mechanical 
pressure treatment with the Jobst apparatus) are 
the most important therapeutic measures. The 
principle of mechanical intermittent compression 
according to Jobst is that a boot surrounding the 
leg generates a certain pressure for a preselected 
length of time. Initially, treatment should com
mence with high compression to transport the in
terstitial fluid and inflammatory substances back 
into the vascular system (reabsorption pressure> 
filtration pressure). This goal is achieved best by 
a well-fitting nonstretchable pressure bandage. 

The situation becomes more difficult if the con
gested leg presents with occlusive arterial disease 
reducing arterial pressure. In such a case, there 
is danger of intensifying ischemia by additional 
compression. However, above a systolic arterial 
ankle pressure of 70/80 mmHg, the arterial perfu
sion of the leg will not be affected in a negative 
way. At lower arterial pressures, the degree of 
compression must be carefully chosen, and the pa
tient must be watched closely. Special care must 
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be taken if the patient has reduced sensitivity (e.g., 
polyneuropathy) as ischemic pain is not noticed 
in such cases. 

Mobilizing venous edema with diuretics should 
not be done (see p. 102). 

If operative procedures on the venous system 
are planned (vein stripping, etc.) the preoperative 
measures for eliminating congestion mentioned 
above are indispensable. Inflammations in the area 
of the superficial venous systems (superficial 
thrombophlebitis) must be eliminated by drainage 
procedures without ordering bed rest(!). If neces
sary, local and systemic antiphlogistic treatment 
should be applied. 

II. Improvement of General Operating Conditions 

1. Concomitant Diseases in Other Vascular 
Regions 

a) Coronary Arteries (see p. 191). In 3%-6% of 
all larger vascular operations, death is due to pri
mary cardiac causes [13]. This is primarily a result 
of coronary heart disease, which occurs with high 
frequency in patients with peripheral circulatory 
disorders. Reports on the incidence of coronary 
artery disease in patients with peripheral vascular 
disease vary, depending on the severity of occlusive 
arterial disease and the diagnostic criteria for coro
nary artery disease. Of all patients who are candi
dates for aortoiliac reconstruction, 35% have cor
onary artery disease as diagnosed by coronary ar
teriogram [12]. 

The internist's main concern should be to estimate 
cardiac risk preoperatively. The cardiac risk index 
[8] given in Tables 7.1.1 and 7.1.2 may help in this 
evaluation. A subtle and discriminating inquiry 
into the patient's history of illness as well as resting 
and exercise electrocardiograms are necessary di
agnostic procedures. However, sufficient interpre
tation of the exercise electrocardiogram on a 
bicycle ergometer is not always possible at the 
maximum exercising level because the patient's 
performance is limited by the occlusive arterial 
disease. If necessary, the ejection fraction must be 
determined by radionuclide ventriculography as a 
parameter for myocardial pumping capacity, and 
preoperative coronary angiograms must be per
formed. Especially prior to elective surgery, it must 
be judged whether cardiac function can be im
proved preoperatively (e.g., drug therapy). In 
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Table 7.1.1. Scoring system for the preoperative estima
tion of cardiac risk. (From [8]) 

Criteria 

Case history 
Older than 70 
Myocardial infarction within the last 

6 months 

Medical examination 
Gallop rhythm, prominent jugular veins 
Stenosis of the aortic valve 

Electrocardiogram 
All types of rhythm except sinus rhythm 
5 or more premature beats per minute 

General condition 
P02 60 mmHg or PC02 50 mm Hg 
K + 3 mmolfl or HCO; 20 mmolJI 
Urea nitrogen 50 mg % or 

creatinine 3 mg % 
SGOT increase or liver diseases 

Vascular surgery planned 
Intraperitoneal, intrathoracic, aortic 
Emergency operation 

Points 

5 
10 

12 
3 

7 
7 

3 

3 
4 

Table 7.1.2. According to the point catalogue in Ta
ble 7.1.1 the following risk groups can be classified. 
(From [8]) 

Group Points Complications Deaths 
(%) (%) 

1 0-5 0.7 0.2 
2 6-12 5 2 
3 13-25 11 2 
4 26 22 56 

emergency situations, these considerations are sec
ondary. However, together with the internist, one 
should ask if the patient's cardiac situation may 
be improved within 12 h (this time interval is de
pendent on the acuteness of the vascular situation. 

b) Cerebral Arteries (see also p. 193). Flow ob
struction within the supra-aortal cerebral arteries 
can be diagnosed by history, auscultation, palpa
tion, Doppler sonography, B-scan sonography, 
and angiographically by digital subtraction an
giography or conventional techniques. The inci
dence of hemodynamically effective supra-aortal 

flow obstructions together with simultaneous pe
ripheral obstructive arterial disease is 30%-35% 
in patients over 60-65 years old [17]. 

There is still great controversy as to what extent 
a concomitant arterial narrowing, especially within 
the internal carotid artery, is an anesthesiologic 
or surgical risk and whether such a lesion should 
be corrected prior to elective vascular surgery. The 
decision should be made after careful considera
tion of the clinical stage of cerebral arterial insuffi
ciency. 

Stage I. Generally, the spontaneous outcome of 
an asymptomatic stenosis of the internal carotid 
artery is not exactly known. The studies published 
covered too small a population and do not differ
entiate between localization and degree of stenosis, 
so that a general indication for a (prophylactic) 
operation cannot be concluded. Computer-tomo
graphically positive stage 1 patients and those with 
high grade stenoses, where the remaining diameter 
is less than 1.5-2 mm, are possibly at risk for 
transient ischemic attack (TIA) or cerebrovascular 
accident (CV A). Such patients should undergo 
endarterectomy if the operative mortality is not 
greater than 2% [4]. 

At the moment there are no figures [2, 18] 
which show how many patients undergoing elec
tive vascular surgery have a concomitant asympto
matic stenosis of the internal carotid artery and 
therefore a higher risk of having a TIA or CV A. 
The incidence of TIAs or CV As within a surgical 
patient group for which there is no data on the 
carotid arteries is no greater than in a group of 
patients with repaired carotid arteries. This fact 
raises doubts as to the general necessity of opera
tive correction of the carotid artery prior to vascu
lar surgery for other reasons [20]. Here, too, high 
grade and double-sided asymptomatic stenosis 
have to be judged differently. 

Stage II. Although many studies and reports em
phasize the benefit of carotid surgery in TIAs for 
the prevention of repeated attacks or complete 
CV As, the only controlled multicenter clinical 
study did not obtain clear results (general review 
in [15]). On the other hand, TIAs are obvious and 
impressive precursors of a neurologic deficit which 
may become manifest later on. Since the presence 
of TIAs implies greater likelihood of a CV A, the 
presumed stenosis of the carotid artery should be 
eliminated before other vascular procedures are 
performed. 
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Stages III and IV. Patients with a CV A or a pro
gressive reversible ischemic neurologic defect 
(PRIND) should, of course, not undergo vascular 
surgery if the 8-h mark has been passed. Later, 
the possibility of an extra-intracranial bypass may 
be discussed in each case (see p. 488). 

2. Further Important Diseases and Risk Factors 

a) Arterial Hypertension (see also p. 192). Preoper
ative control of arterial hypertension should only 
be done after full consideration of total circulatory 
homeostasis. Naturally, the rare secondary forms 
of hypertension should receive causal treatment, 
or, if this is not possible, then at least normal 
blood pressure values should be reached by drug 
therapy. Essential hypertension is treated accord
ing to the usual guidelines of medical antihyperten
sive therapy. It is difficult to devise a special preop
erative treatment scheme because sudden critical 
rises in blood pressure may occur intraoperatively 
(clamping syndrome, sympathetic hyperactivity, 
stimulation of the renin - angiotensin system), 
with the danger of acute left heart failure, a coro
nary infarct, intracerebral hemorrhage, or an anas
tomotic aneurysm as well as life-threatening drops 
in blood pressure (declamping syndrome, blood 
loss, vasovagal syndrome) with the danger of 
ischemic encephalomalacia. Compared with gener
al surgical patients, patients having vascular sur
gery react more often intraoperatively with sudden 
critical hypertensive episodes (17.7% compared 
with 5%) or a sudden drop in blood pressure 
(31.4% compared with 9.9% [1]). 

Basically, one can say that, preoperatively, hy
pertension should not be treated too rigorously 
because if hypertensive episodes occur during sur
gery, these can be brought under control more 
easily (clonidine, sodium nitroprusside, calcium 
antagonists) than a sudden drop in blood pressure, 
possibly with life-threatening shock symptoms. 
Less rigorously treated patients have a more stable 
blood pressure during the operation than untreat
ed patients. Preoperative antihypertensive therapy 
should be chosen in such a way that reductions 
of the extracellular space and electrolyte shifts (for 
example, potassium loss) are avoided. Diuretic 
therapy should be discontinued or changed 24-
48 h before the operation [6]. Monoamino oxidase 
inhibitors are contraindicated peri operatively be
cause they block necessary sympathetic counterreg
ulation. They reinforce the effect of barbiturates, 
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morphine, atropine, ganglion blockers, and anes
thetics [9]. Accordingly, reserpine, guanethidine, 
and methyldopa have more advantages because 
sympathetic activity is only partially suppressed. 
Beta-blockers, vasodilators (dihydralazine, prazo
sin, and others) and calcium antagonists may be 
considered more appropriate preoperatively, 
especially since they have a cardioprotective effect. 

b) Diabetes Mellitus. In diabetes treated orally 
(type II diabetes) therapy is discontinued on the 
day of the operation and glucose levels are con
stantly monitored. Corrections may be achieved 
by 5% glucose solutions given intravenously or 
by an adequate dose of regular insulin (levels 
> 250 mg %). In insulin dependent patients 
(especially in type I diabetes) total discontinuation 
of insulin substitution is not advisable because a 
basic requirement of about 1 unit/h insulin is 
needed, even though the patients have no food 
intake. It is advisable to reduce the morning dose 
on the day of the operation to about one half or 
one third of the patient's usual dose, administering 
it in 500 ml of a 5% levulose or 5% glucose solu
tion. 

c) Congestive Heart Failure. Preoperative treat
ment of myocardial insufficiency is the same as 
in internal medicine [3]. In clinically manifest car
diac insufficiency (stage III and IV CNYHA) -
other than tachyarrhythmia absoluta - the indica
tion for digitalis treatment is unquestionable [7]. 
Digitalization in stage II (signs of cardiac insuffi
ciency only under great exertion, free of symptoms 
under normal conditions) is controversial. How
ever, in view of the preoperative situation of a 
vascular surgical patient and the above-average in
cidence of hypertensive episodes (see p. 193) with 
sudden left heart failure and an abrupt increase 
of cardiac workload, preoperative digitalization 
cannot be rejected in general. On the other hand, 
routine preoperative (prophylactic) digitalization 
cannot be advocated today (overall review in [19]). 

d) COPD. A clinical and pathologic - anatomic 
explanation of the term COPD will not be given 
at this point. Pulmonary emphysema, chronic 
bronchitis, and bronchial asthma show etiologic 
and pathogenetic similarities and interconnections 
which are most difficult to distinguish. These dis
eases may manifest themselves in chronic respira
tory insufficiency, with or without right ventricu
lar strain, and this fact is of decisive importance 
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for the preoperative situation. Respiratory insuffi
ciency is defined as a disorder of external breathing 
(ventilation) which is documented by pathologic 
pulmonary function values. 

Some 60%-70% of surgical patients show 
pathologic spirometric and blood gas measure
ments. Obstructive ventilatory disorders are more 
common than restrictive ones. This is especially 
the case in vascular surgical patients because, natu
rally, the pulmonary risk factor nicotine is pre
dominant in this group. The necessity of postoper
ative artificial respiration, primarily due to pulmo
nary causes, is 9.1 % in the vascular surgery group, 
compared with 2.5% in the general surgery group 
[1 ]. 

Preoperative measures should be to quit smok
ing (elimination of mucous membrane irritants al
lowing for generation of the cilia), breathing exer
cises, aerosol administration (mucolytics and/or 
bronchodilators) and, in cases of infected sputum, 
antibiotic treatment. High grade obstructions 
(asthmatic or spastic bronchitis) make systemic 
bronchial dilatation necessary. Selected patients 
should acquaint themselves preoperatively with 
the method of intermittent positive pressure 
breathing ([14] see p. 313). 

e) Obesity. Besides diminishing local complica
tions (see p. 99), weight reduction in cases of obe
sity also improves general operating conditions. 
It has a positive influence on preexisting arterial 
hypertension or on diabetes mellitus. Experience 
shows that a reduction of body weight leads to 
a decrease in blood pressure and a better control 
of diabetic metabolism. Furthermore, diabetes 
mellitus may be converted to a less serious stage 
which may make insulin substitution unnecessary. 
All in all, one can obtain a drastic decrease of 
typical intraoperative and postoperative risks, 
which are present in vascular surgical patients at 
a much higher rate. 

The most efficient form of treatment is the so
called zero diet, with certain precautions and adju
vant therapeutic measures (intake of the daily min
imal requirement of calorie free fluids up to 31, 
potassium substitution, uric acid reduction, etc.). 
One can achieve a daily reduction in body fat of 
about 400 g, depending on initial body weight. The 
undesirable protein catabolism may be compensat
ed by daily administration of a protein mixture 
(Ulmer drink). 

For a patient prior to vascular surgery, a calo
rie-reduced diet is preferable. Daily weight reduc-

tion on a 300 kcal diet is only about 10%-15% 
less on average than with the zero diet (about 
350 g/day). Important advantages are the very low 
risk and the fact that the patient may remain under 
outpatient surveillance. 

f) Defects of Hemostasis. Vascular surgery is com
plicated by intraoperative or postoperative bleed
ing two to three times more frequently than gener
al surgery. Technical errors, wound infections, and 
clotting disorders are the main causes. Therefore, 
prior to every vascular operation, the function of 
hemostasis shou!d be checked. 

- Thromboplastin time (prothrombin time, 
Quick's value) for testing the exogenous coagu
lation system (factors VII, X, V, II, I) 

- The partial thromboplastin time to evaluate the 
function of the endogenous coagulation system 
(factors XII, XI, IX, VIII, X, V, II, I) 

- Plasma thrombin time (plasma thrombin coagu
lation time, thrombin time). This test evaluates 
the last phase of the coagulation cascade. Clot
ting disorders which are associated with a pro
longation of the thrombin time are as follows: 
1. Antithrombinemia with an increase in the 

products of fibrinogen-fibrin lysis (hyperfi
brinolysis) 

2. Dysfibrinogenemia 
3. Lack of fibrinogen 
4. Prolongation of the thrombin time under he

parin 

In the event of pathologic results of one of the 
above groups of tests, a single factor analysis must 
be performed for further evaluation. 

The number (and if necessary also the function) 
of the platelets should be checked routinely as a 
control of the cellular hemostatic system. This is 
especially necessary in patients who have had 
treatment with antiplatelet drugs. A prolonged 
bleeding time must be expected for up to 7 days 
after their discontinuation (see part IV "Prophy
laxis of Pneumonia and Thrombosis "). 
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C. Postoperative Management 

I. Postoperative Mobilization 

Many operations on the vascular system are exten
sive procedures. Nevertheless, it is important to 
mobilize the patient as early as possible since this 
is a very effective means of preventing pulmonary 
and thromboembolic complications. 

Following surgery on the peripheral venous sys
tem, the patient may usually get up out of bed 
in the evening of the day of surgery. 

II. Positioning 

Following operations on the carotid artery, or 
where there are symptoms of cardiac insufficiency 
at rest (dyspnea and/or congestion of the jugular 
veins), the patient should be lying in bed with the 
upper part of the body raised above the horizontal. 
After venous operations it is advisable to raise the 
foot of the bed on the day of the operation. 

In the case of a severe disorder of the arterial 
circulation (after incomplete or unsuccessful re
canalization), positioning the legs at a lower level, 
10-20 cm below the horizontal, provides for the 
best possible perfusion. 

Severe edema must be avoided because it im
pairs circulation. In case of edema of the lower 
legs one should elevate the legs if no symptoms 
of insufficient acral circulation are present (rest 
pain, increased pallor of the toes). 

To prevent decubital ulcer, the vulnerable parts 
(especially the heels) should be padded and re
lieved of pressure. In a poorly perfused foot one 
must prevent the development of necrosis by cush
ioning the leg below the knee. The danger of decu
bitus over the sacrum is increased in patients with 
occlusion of the pelvic arteries. 

Patients with postoperative paresis of the ex
tremities should be positioned as prescribed by 
BoBATH and mobilized early. 

ID. Treatment of Necrosis 

Local treatment of acral necrosis due to arterial 
circulatory disorders must be done with the utmost 
care postoperatively. In case of impaired compen
sation, pain is only a consequence of insufficient 
blood circulation. After successful surgery, it is 
usually due to bacterial infection. 
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To combat infection, which is almost always 
present at the margin of the necrosis, elimination 
of purulent retentions must be achieved first. If 
abscesses are present, they should be incised. The 
vital tissue should be freed of any debris (incrusta
tions, necroses, parts of fingernails) that can be 
removed without injury and pain. If possible, 
checks should be made every day. 

Secretions from lesions must be collected. This 
is best done with the help of a strip of linen, so 
that the tissue which is still intact is not macerated 
(especially interdigitally). If the secretion is strong, 
the wound dressings should be changed frequently, 
several times a day if necessary. 

Local edema prevents or delays healing of le
sions and dictates proper positioning (see above). 
If severe edema prevents a lesion from healing and 
the patient cannot tolerate horizontal positioning 
of the leg because of great pain, appropriate pain 
elimination is indicated. This is best done by peri
dural anesthesia, using a catheter. 

IV. Prophylaxis of Pneumonia and Thrombosis 

Prophylaxis of pneumonia is indicated after all 
more extensive vascular operations, especially in 
patients with chronic disease of the respiratory sys
tem (almost all heavy smokers): moistening of the 
air passages with an ultrasound atomizer, adminis
tration of secretolytic drugs in chronic bronchitis 
(for example with Mucosolvan i.v.). To improve 
pulmonary ventilation (prophylaxis of atelectasis), 
breathing exercises with an increase of dead space 
should be carried out three times daily in uncom
plicated cases without pulmonary insufficiency. 
This should be done only if the number of breaths 
per minute does not increase during exercise. 
Obese patients should be instructed to use inter
mittent positive pressure breathing to deepen their 
inspirations [14]. Patients with asthmatic bronchi
tis may sometimes need an antibiotic and/or a cor
ticosteroid besides bronchiolytic and secretolytic 
drugs (prophylaxis of thrombosis, p. 725). 

V. Rehabilitation 

Following reconstructive procedures on the arteri
al system, muscle atrophy and limitations of joint 
function are not infrequent. Directed physical 
therapy can be started prior to the operation and 
continued postoperatively for a few days. If arteri-
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al circulatory disorders are still present (e.g., occlu
sion of the femoral artery after reconstruction of 
the pelvic arteries), systematic walk training 
should commence, depending on compensation. 
Prior to or after operations on the peripheral ve
nous system, measures are sometimes needed to 
strengthen the skin and muscle pump. These are 
especially important in persons with stiff ankle 
joints and muscle atrophy following chronic in
flammations and ulcerations. 

In patients who have undergone vein surgery, 
the leg operated on should be wrapped with an 
elastic bandage until the inflammatory irritations 
subside. If a disturbance of venous return remains, 
this treatment should be continued. 
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The material of an occlusion of a large artery is 
always a blood clot if the obstruction did not origi
nate traumatically. It is either an embolus from 
somewhere else or a locally formed thrombus. As 
long as the fibrin of such clots is not organized, 
it can be totally dissolved by thrombolytic treat
ment. Thus, an embolus or a thrombus can be 
changed back into its initial blood components [3, 
4]. The organization of a clot occurs faster in nar
row and healthy arteries than in wide and arterio
sclerotic arteries. Beside these criteria there are ra
diologic criteria for determining the indication of 
thrombolytic treatment (Table 7.2.1) [5,9,10]. 

Today streptokinase and urokinase are avail
able for thrombolytic treatment. Streptokinase 
acts faster and more intensively than urokinase. 
Both actually change inactive plasminogen into 
proteolytically active plasmin. Treatment is sys
temic, that is, by intravenous infusion, or localized 
by direct infiltration of the obstruction with either 
thrombolytic substance [6]. 

Table 7.2.1. Criteria for assessing the possibility of lysis 
of intra-arterial clots 

Localization 

Time criteria 
Finger 
Lower leg, forearm 
Knee, thigh, upper arm 
Pelvis 
Abdominal aorta 

Radiologic criteria 
Parts of the thrombus sur
rounded by contrast medium 
Blurred, cloudy contours 

Maximum time limit 

A few days (weeks) 
A few weeks 
2-4 months 
6 months and older 
Years 

Systemic thrombolysis immediately activates 
the total circulating plasminogen, which attacks 
the thrombus from the outside (exogenous lysis), 
and at the same time acts proteolytically on the 
coagulation system. A very small portion of the 
intravenously given dose of about 2 million units 
streptokinase or urokinase penetrates the clot and 
activates the plasminogen accumulated within it, 
leading to endogenous lysis. This represents the 
main mechanism of thrombolysis [4]. Depending 
on the extent of the thrombus, systemic application 
of streptokinase may dissolve the clot within 0.5-5 
days. Urokinase takes twice as long. By infiltrating 
an arterial clot with streptokinase directly, one can 
dissolve it with only a few thousand units within 
several hours, even if it is very extensive. 

The advantages of systemic thrombolytic treat
ment are simultaneous lysis of all existing soluble 
thrombi and prevention of vascular lesions. The 
disadvantages are the higher risk of hemorrhage, 
provocation of systemic emboli, a large number 
of contraindications (Table 7.2.2), and a long time 
for successful thrombolysis to be accomplished [6]. 
The advantage of local low-dosage thrombolytic 
therapy is the lower risk of provoking bleeding 
or emboli in the arterial system, which in turn sig
nificantly reduces the number of contraindications 
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Table 7.2.2. Contraindications of thrombolytic therapy 

Systemic thrombolysis Local low dose 
thrombolysis 

Increased risk of hemorrhage 
Coagulopathies Coagulopathies 

All stomach and Bleeding stomach and 
intestinal ulcers intestinal ulcers 

Bleeding hemorrhoids 
kidney stones 
Fresh wounds or operation Polytrauma 

Hypertension Malignant hypertension 

Intramuscular injection 
(recent) 

Endocarditis lenta 
(mycotic aneurysm) 

Old age (more than 
70 years) 

CV A Recent recovery from 
CVA 

Embolic risk 
Mitral valve disease 

Dilatation of the heart 
+ arrhythmia 

Dilating arteriosclerosis Aneurysm as the cause 
of the occlusion 

(Table 7.2.2). Furthermore, this therapy restores 
blood flow as fast as an operative procedure could. 
The disadvantage of local thrombolysis is an un
avoidable trauma to the vessel, which may lead 
to further extension of the occlusion. In segmental 
occlusions, the risk of local macroemboli is present 
[6]. 

Indications for systemic thrombolic therapy 
which will not be discussed at this point are: acute 
and subacute acral ischemic syndrome, peripheral 
arterial (multiple) stenoses, or thrombotic occlu
sions, which fulfill the time and/or radiologic cri
teria for thrombolysis and, after careful considera
tion of the risks and positive outcome, do not pres
ent any contraindications. 
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B. Indications for Local Thrombolysis 

1. All acute, subacute, and chronic thrombotic fe
moropopliteal occlusions, including the trifur
cation, up to 8 months following obstruction. 

2. Embolic femoropopliteal occlusions, including 
trifurcation, for a period of 4-6 weeks if the 
surgeon refused embolectomy. 

3. Segmental femoropopliteal occlusions with a 
length >4 cm and poor compensation (stage 
lIb-IV) if systemic lysis is contraindicated and/ 
or the obstruction is older than 4 months. 

4. Embolic or thrombotic complications during or 
after primary transluminal angioplasty. 

5. Acute embolic or thrombotic occlusions of the 
renal artery, also as a complication of catheter 
dilatation. Rare cases of successful local lysis 
of acute mesenteric artery occlusions have been 
reported. The decision to perform such a proce
dure must be made with great caution because 
of the danger of severe hemorrhage. Attempts 
at local lysis of cerebral occlusions involve a 
high risk of embolism or hemorrhage and 
should be considered only in very desperate sit
uations (acute basilar artery occlusion). 

Following local thrombolysis, older stenoses which 
remain can be dilated with a catheter during the 
same procedure. Extensive segmental femoropop
liteal occlusions have an unfavorable long-term 
prognosis if they are treated by percutaneous 
transluminal angioplasty alone. Therefore, we 
start with local thrombolysis if the obstructions 
are longer than 4 cm. This regimen has several ad
vantages: 

1. It makes it easier to pass the guide wire through 
the thrombus by softening it. 

2. It removes the soluble portion of the clot, which 
in some cases may make catheter dilatation un
necessary. However, in many cases it will reduce 
the size of the occlusion down to a residual 
stenosis of much smaller size, which may then 
be eliminated by dilatation. A shorter dilatation 
segment means less trauma to the vessel and 
thus a lower risk of repeated clot formation. 

3. The lytic effect persists for some hours after 
the procedure, thus preventing reformation of 
the clot. 

Local lysis causes local hyperemia for more than 
1 day, which also counteracts clotting. 
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c. Preparation 

For the prophylaxis of early recurrent clot forma
tion the patient receives 1.0-1.5 g acetylsalicylic 
acid daily starting 1 day prior to the procedure 
and continuing for 3 days thereafter. It should not 
be given in combination with dipyridamole as dan
gerous drops in blood pressure have been observed 
following streptokinase treatment, which are prob
ably due to an enhancement of the vasodilating 
effects of thrombolytic treatment. Further preme
dication is not necessary. Prior to the procedure 
an intravenous infusion is started so that necessary 
injections can be given immediately; if resting pain 
is present, 30 mg pentazocin is given. 

D. Positioning 

The procedure is best performed on an angio
graphic table, but it can be done with any intensi
fying unit. It is important to place a soft foam 
rubber pad on the table because the patient may 
have to lie in a certain position for several hours. 

The patient should be placed in a supine posi
tion and the pelvis raised by placing a radiolucent 
roll about 10 em in diameter under the sacrum. 
This makes it much easier to puncture the common 
femoral artery for lysis within the lower extremity. 
The roll can be removed following introduction 
of the catheter. 

E. Technique of Local Thrombolysis 

For treatment of a femoropopliteal occlusion the 
arterial cannula is introduced above the upper 
margin of the inguinal ligament by the Seldinger 
technique under local anesthesia. The pulsating 
common femoral artery is fixed between two 
fingers of one hand (Chap. 7.3). The needle is then 
inserted into the common femoral artery in the 
direction of the obstruction below the inguinallig
ament. One should try not to injure the back wall 
of the vessel in order to prevent the formation 
of an extensive local hematoma later on. As soon 
as the needle lies completely within the artery, the 
flexible metal guide is carefully inserted. We prefer 
a straight wire (35 x 10- 3 in) to a curved wire be
cause it provides more sensitivity. If the wire can
not be introduced without resistance and a brief 
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fluoroscopic check shows it to be in the profunda 
femoris artery, it is pulled back, and the needle 
location is controlled by injecting 1-2 ml diluted 
contrast medium. This maneuver often allows the 
needle to be directed in such a way that the wire 
can be inserted into the superficial femoral artery. 
If this cannot be accomplished, a new puncture 
is tried somewhat beneath or above the first site, 
depending upon the situation. An important word 
of caution: following its insertion, the flexible met
al guide must not be advanced so far that it reaches 
or even penetrates the obstruction site. (An excep
tion can be made only if the thrombus is located 
within the superficial femoral artery only a few 
millimeters below the origin of the profunda fe
moris.) After withdrawal of the needle a Teflon 
French catheter with only terminal opening is 
threaded over the wire. If a Y -piece is connected 
to the catheter, one can, without removing the 
metal guide, inject 1 ml of diluted contrast medium 
in order to verify the intraluminal position of the 
catheter. At the same time, both ends of the ob
struction can be localized and marked with a ra
diopaque item (injection needle, ampule file). (If 
a Y -piece is not available, the metal guide must 
be removed before injection.) 

Now the guide and the catheter are carefully 
advanced until they reach a position a few milli
meters in front of the obstruction. The position 
of the catheter is again checked with a small 
amount of contrast medium. The tip of the cathe
ter is placed close to the beginning of the obstruc
tion without the guide. 

Then, the thrombolytic substance is injected: 
1000 units of streptokinase in a solution of 500 
units/ml normal saline solution two to three times 
at intervals of 3 min to soften the presenting por
tion of the thrombus and thereby make it easier 
to advance the catheter a few millimeters into the 
thrombus. Then, the clot is infiltrated with 1000 
units streptokinase. The catheter is advanced small 
distances of 0.5-1 em, with or without the metal 
guide, at 3 to 5-min intervals, 1000 units strepto
kinase being injected at each step. The shorter the 
obstructed segment is, the longer the time intervals 
must be. Advancement must be possible without 
resistance. As soon as resistance is encountered, 
there is a danger of leaving the intraluminal path. 
In most cases, an old stenosis is the cause. Such 
stenotic segments can be infiltrated repeatedly 
without advancing the catheter any further. Usual
ly one manages to manipulate the metal guide 
through such stenoses without any resistance. The 
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catheter can be advanced over the guide, and infil
tration can be continued until a connection is es
tablished with the open vessel on the distal side 
of the obstruction. Then the metal guide is placed 
distal to the former obstruction and the catheter 
is pulled back proximal to it, and 2-3 ml contrast 
medium is injected to control patency. It is advis
able to take at least 1 h for the whole lytic process, 
the obstruction material must be totally infiltrated 
with streptokinase before blood flow is restored. 
This prevents persisting macroemboli and incom
plete dissolution of the thrombotic material. As 
soon as blood flow is restored, thrombotic materi
al must not be further infiltrated with streptokin
ase. Blood clots which still remain after streptokin
ase application are usually totally dissolved within 
the next few hours. As soon as good blood flow 
is present for 15 minutes, local lysis can be 
stopped. However, if flow velocity decreases after 
some time, the cause is usually a remaining high 
grade stenosis which cannot be lysed. Such a lesion 
should be documented by angiography and 
marked so that it can be dilated during the same 
session after changing to a Griintzig catheter. It 
is important to limit the dilatation to such residual 
stenoses and not to extend it over the entire length 
of the previously occluded segment, even if re
maining clots still obstruct flow within it. The 
larger the segment which has been dilated is, the 
higher the risk of recurrent thrombosis (Chap. 7.3). 

At the end of the procedure, a last control an
giogram is made. We never use more than 10 ml 
diluted contrast medium for this. Afterward 1000-
2000 units streptokinase is given through the cath
eter, which is then removed. 

We do not give heparin at the end of the proce
dure because if more than 30000 units streptokin
ase are applied during local thrombolysis, there 
is always a heparin-like effect lasting a few hours, 
owing to the cleared products of fibrinogen. Addi
tional heparin would raise the risk of local hemor
rhage. 

The right approach to the prevention of early 
recurrent thrombosis is blockage of platelet func
tion and not anticoagulation. Compression of the 
puncture site is done by hand and continued for 
10 min after the bleeding has stopped. Then, an 
elastic bandage is wrapped around the leg and pel
vis and the patient is instructed to remain in a 
horizontal position for 20 h. Sandbags or other 
means of mechanical compression should not be 
used because they tend to promote local hemato
ma rather than prevent it. 
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In the past we used total streptokinase dosages 
of 70000-120000 units. Now we try to use as little 
as possible (30000 units) in order to decrease the 
risk of hemorrhage in the system or of mobiliza
tion of emboli. Control evaluations of the clotting 
system and thrombolysis are not necessary in low 
dose local streptokinase treatment [7, 8]. Local 
thrombolysis can also be done successfully with 
urokinase; however, a higher dose is needed - re
portedly 3-10 times higher than the streptokinase 
dose. Not all clinicians perform local thrombolysis 
in the way described in this chapter. Even in long 
occluded segments, some try to overcome the ob
structed area with a flexible metal guide and cathe
ter, just as in normal transluminal angioplasty, be
fore applying streptokinase. Using the technique 
of normal transluminal angioplasty, for example, 
some try - even when the occluded segment is long 
- to pass a flexible metal guide and catheter 
beyond the obstruction before any streptokinase 
is administered. If this attempt succeeds, the cathe
ter is pulled back into the thrombus, and only 
then is streptokinase administered. The main ad
vantage of this technique is that one can be sure 
prior to infiltrating the thrombus that the catheter 
does not lie within the vessel wall. And in fact 
the result is a reduction in the number of failed 
attempts in cases where streptokinase is used. At 
the same time, however, the total number of pa
tients helped by local thrombolysis is also reduced 
- by at least the number of cases in which a failed 
attempt, i.e., intramural passage of the catheter, 
could have been prevented by the prior initiation 
of local lysis. A further consideration is that pre
vious canalization of the occluded segment makes 
it more difficult to achieve adequate infiltration 
of the entire thrombus. 

In another version of local lysis a catheter with 
sideholes is placed within the thrombus, and an 
infusion pump is connected to it. Different doses 
of streptokinase are infused every hour (1000-
100000 units), and the patients are kept in the 
intensive care unit. After 12-24 h control angio
graphy is performed and, if the infusion therapy 
seems successful, it is sometimes continued for 
days [1, 2]. This method of treatment overlooks 
the fact that small doses of streptokinase, if given 
over a longer period of time, pose a greater danger 
to the clotting system, owing to persistent plasmin
emia, than high doses given over the same period 
of time, and therefore increase the chances of hem
orrhage. 
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F. Causes of Failure 

Penetration of the catheter into the wall is the most 
common cause of failure and always leads to ter
mination of the procedure. The severity of the cir
culatory disorder increases only if this complica
tion causes an extension of the obliterating pro
cess. Luckily, this happens only in a very small 
number of cases. 

Penetration of the wall can begin at the site 
of puncture, the metal guide being thrust into the 
wall just after its insertion through the needle. 
Once in such an intramural position, it can often 
be advanced a long distance without perceivable 
resistance, just as if it were within the lumen of 
the vessel. This can happen even with an experi
enced surgeon. However, one becomes suspicious 
as soon as resistance is encountered at a site that 
was inconspicuous in a previous angiogram, or if 
the guide suddenly develops a long loop. In such 
a case, the wire should be pulled back immediately. 
A subsequent attempt to place the guide correctly, 
after changing the needle's position, or after new 
puncture, may be successful. However, if the situa
tion is not recognized, and if the catheter is put 
in place and a control injection shows a pulsating 
stasis of the contrast medium, the procedure must 
be interrupted at once and no further injections 
given. Dissection can, but does not necessarily, 
lead to total obliteration of the vessel segment. 

Shortly after introduction, the metal guide may 
lie intraluminally and may, during its advance
ment, penetrate the wall at a small plaque or a 
curve before reaching the occlusion. A catheter 
which is threaded over the guide may follow the 
same path without perceptible resistance, some
times even reaching the obstructed lumen. At this 
point, the obligatory injection of contrast medium 
shows the intramural position of the catheter, rec
ognizable by the pulsating stasis and impaired flow 
of the medium. In such a case, the procedure must 
be abandoned immediately. 

The beginning of an obliterated vascular seg
ment is a very critical site where the metal guide 
and the catheter can easily take an intramural path 
without any hint of trouble. At such a point, the 
thrombus and the endothelium often stick together 
very tightly. The latter may even be pulled off the 
intima by retraction of the clot. If the thrombus 
is very hard, the guide and/or the catheter will 
be easily deflected into the wall. Under certain cir
cumstances they may even be advanced without 
much'resistance down to the popliteal artery and 
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even farther. This is why it is advisable to apply 
some thousand units of streptokinase at intervals 
at the point where the clot begins and then after 
10-15 min to try to penetrate the softened throm
bus. Thereafter, the catheter can still take the in
tramural path, especially if the stenosis has been 
present for a longer period of time. Such stenoses 
can often be made visible, and can therefore be 
more easily passed, by patient and repeated infil
tration at the spot of the obstacle and by small 
injections of contrast medium. 

Signs of an intramural catheter position are: 
1. The metal guide develops a long loop or ob

viously changes its direction. 
2. The contrast medium stands still for a longer 

period of time and pulsates. 
3. Local pain is felt during injection of streptoki

nase or contrast medium. 

In view of all of these possibilities for positioning 
the catheter intramurally, it is not surprising that 
in a series of 322 treatments it occurred in 19% 
of the patients. In 7% of the same series, the obli
terating material was not soluble (Table 7.2.3). 
The cause of the occlusion may be an unknown 
aneurysm. If it is recognized during local lysis, the 
procedure must be abandoned because of the 
danger of provoking an embolus which would 
worsen the circulatory situation considerably. Ex
amination of the occluded segment using ultrason
ic tomography before the procedure may some
times detect an aneurysm and should therefore be 
performed in all suspected cases. In an acute occlu
sion of the popliteal artery due to compression, 
one is usually able to dissolve the fresh thrombus 
and pass the obstruction with the catheter. How
ever, during withdrawal of the catheter compres
sion almost always occludes the segment again. 
In this case, a timely corrective operation is neces
sary [6, 8]. 

Table 7.2.3. Failures in 322 attempts of local lysis (%) 

Causes 

Intramural path 
Thrombus too old 
Puncture technically impossible 
Compartment syndrome 
Aneurysm as the cause of occlusion 

19 
7 
3 
1 
0.6 
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G. Complications 

Complications which occurred at the Medizini
schen Poliklinik in Munich are listed in Ta
ble 7.2.4. Local macroemboli are the most com
mon complication and lead to further circulatory 
impairment in 1 % of patients. They may be com
pletely avoided by slow advance of the catheter, 
especially in short occlusions. One should try to 
follow the macroembolus with the catheter in 
every case and infiltrate it with streptokinase. 
Some 3 % of patients experienced a second throm
bosis. In these cases, either a long intramural pas
sage of the catheter was recognized too late or, 
more frequently, a long arterial segment was dilat
ed. Keeping dilatation limited to the smallest seg
ment possible is the best way of preventing recur
rent thrombosis. 

Bleeding into the parenchyma (brain, kidney) 
is rare. It cannot be totally prevented, and there
fore the smallest dose possible should be given 
over a short time interval. The provocation of mul
tiple emboli from a preexisting embolic source may 
be prevented in the same way. Mortality was 0.8% 
in 500 treatments. Two patients died of cerebral 
hemorrhage, one of a questionable dissection of 
the abdominal aorta, one 4 weeks after an above
knee amputation necessitated by recurrent exten
sive thromboses [6]. 

Table 7.2.4. Complications in 500 local lyses (%) 

Macroemboli (local) 
Macroemboli with circulatory impairment 
Extensive thrombosis 
Spasm of the femoral artery 
Large local hematoma 
Deep vein thrombosis of the treated limb 
Injury of the femoral nerve 
Cerebral hemorrhage 
Renal hemorrhage 
Cerebral embolism 
Dissection of the abdominal aorta(?) 
Amputation because of complications 
Death 

4 
1 
3 
0.2 
1.5 
0.2 
0.2 
0.4 
0.2 
0.2 
0.2 
0.4 
0.8 
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H. Results 

According to our experience in 500 treatments 
over a period of 31/ 2 years, primary success, that 
is, recanalization, can be achieved in 70% of cases, 
including emergencies. However, one quarter of 
these reoccluded within the first 2 weeks. A repeat 
attempt achieved lasting success in about half of 
the cases. The reasons for early occlusion were 
remaining high grade stenoses which were relieved 
during the second procedure or insufficiently effec
tive premedication with antiplatelet drugs. The 
most common cause of failure during a repeated 
catheterization was wall dissection during the first 
treatment. These dissections developed into non
thrombotic blood flow obstructions and therefore 
could not be eliminated by lysis. 

The cumulative patency rate or number of suc
cessful recanalizations beyond a period of 2 weeks 
was satisfactory: 50% after 3 years. 

I. Long-term Treatment 

In thrombotic occlusions due to obliterating arte
riopathy, the elimination or at least the reduction 
of risk factors is the basic therapy. In drug prophy
laxis of recurrent thrombosis, and against the pro
gression of angiopathic lesions, anticoagulants and 
anti-platelet drugs compete with one another. We 
have found both to be effective. Results of clinical 
studies are not available at the moment. Presently, 
we prefer anti-platelet drugs in a combination of 
acetylsalicylic acid (0.33 g) and dipyridamole 
(75 mg) known as Asasantin, in a dose of 3 x 1 
capsule daily, instead of acetylsalicylic acid alone. 
With this combination we were able to show in 
our own study that an obliterating arteriopathy 
progressed significantly more slowly during a 2-
year follow-up period. 

For long-term treatment of embolic occlusions, 
anticoagulation with coumarin preparations is the 
treatment of choice if total elimination of the em
bolic source is not possible. The Quick value 
should be held constant at 15%-25% of the nor
mal level. It is advisable to give acetylsalicylic acid 
in a dose of 2 x 0.5 g daily for 2 weeks after the 
procedure and to start coumarin therapy immedi
ately after successful recanalization. We do not 
give heparin during the early postoperative period. 
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Percutaneous transluminal angioplasty (PTA) is 
the elimination of arterial stenoses and occlusions 
by means of a dilating catheter placed percutane
ously into the lumen of a vessel. Today, the dilat
ing catheter of GRUNTZIG and HOPFF [5] is pre
ferred to the coaxial catheter systems formerly 
used because of several disadvantages with the lat
ter (remnant stenoses, frequent hemorrhages at the 
puncture site, rigid catheter system). This method 
may be applied in every arterial region into which 
the dilating catheter can be introduced: the coro
nary arteries, the supra-aortal branches, the viscer
al and renal arteries, and the arteries of the lower 
extremities, including the distal part of the abdom
inal aorta. 

A. Introduction 

The obliterating material, which consists of ather
omatous thickenings and thrombotic deposits, 
may remain unorganized for months or years. 
Thus, it can be penetrated with a catheter and 
pressed against the vascular wall with a balloon. 
In their original report, DOTTER and JUDKINS [3] 
thought that the occluding material was com
pressed and the diameter of the vessel remained 
the same. According to recent studies of CASTANE
DA-ZUNIGA et al. [2], the obliterating material is 
pressed, as a whole or in parts, toward the media 
which itself is stretched or even overstretched, de
pending on the strength of the dilatation. Tearing 
of the intima and the media occurs and the outer 
diameter of the vessel increases. The enlarged out
er diameter remains constant after dilatation. It 
is therefore concluded that the media is irreversibly 
stretched and loses its elasticity (Fig. 7.3.1). In 
nonarterial sclerotic lesions, as in fibromuscular 
dysplasia, postanastomotic stenoses of graft arter
ies, recurrent postoperative stenosis, dilatation, 
and tearing of fibrous components playa greater 
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Fig. 7.3.la-d. Diagram of transluminal angioplasty. 
After passing the concentric stenosis with the straight 
guide wire (a), the dilatation catheter is threaded over 
the guide until the balloon lies within the stenosis (b). 
The non-compressible occluding material is pressed into 
the vascular wall, the wall is dilated, and the outer diam
eter increases (c). After withdrawal of the dilating cathe
ter, a control angiogram is obtained with the guide wire 
(d) still in place 
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role. There is no explanation as to why a stenosis 
or a thrombus does not develop at the injured 
site of the vessel. There are probably a number 
of factors which are responsible for keeping the 
vessel patent: blood flow, which is immediately 
restored after dilatation, exerts pressure against 
the vascular wall, anti platelet drug administration 
before, during, and after the procedure, and en
dothelialization which leads to smoothing of the 
injured site within weeks. 

B. General Management 

Percutaneous transluminal angioplasty involves 
the following steps: 

- Informing the patient 
- Preparation of the patient 
- Procedure 
- Follow-up treatment 

I. Informing the Patient 

A few days before PTA, the patient is informed 
about the indication, the procedure itself (dilata
tion is painless or only slightly painful; it takes 
about 1-3 h depending on the vascular region; fol
lowing the procedure, bed rest is necessary for 
24 h), and its possible complications (allergic reac
tions to contrast medium, percutaneous advance
ment of the catheter, and specific PTA complica
tions, depending upon the vascular region) (see 
p.119). 

n. Preparation of the Patient 

Independent of the vascular region being treated, 
the following applies to all patients: 

- Preparation for a hospital stay of only a few 
days 

- Medical examination with special attention to 
risk factors which might lead to further progres
sion of occlusive disease 

- Initiation of measures to eliminate risk factors 
- Close contact with the vascular surgeon in cases 

where same-day surgery might become neces
sary as a result of complications (for example, 
PTA for stenosis of a transplant artery or for 
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a stenosis of the profunda femoral artery with 
occlusion of the superficial femoral artery, PTA 
for a stenosis of a vertebral artery, and so on). 
Assessment of operability in these patients 

- Administration of platelet aggregation inhibi
tors, starting 1-2 days before the procedure dos
age: e.g., 1 tablet Asasantin (330 mg acetylsali
cylic acid and 75 mg dipyramidamole) t.i.d. 

- On the day of the procedure the patient must 
fast and receive a peripheral intravenous line 

- In all patients at risk (history of allergy, hyper
tension, or older than 65 years, and others), di
methindenemaleate (1 mI/10 kg body weight, 
i. v.) and cimetidine (2 mI, i. v.) are administered 
as an additional allergy prophylaxis 

Additional measures in certain vascular regions 
are listed in Sect. C. 

m. Procedure 

1. Necessary Equipment, Instruments, 
and Contrast Medium 

Ideal equipment for this procedure is an angio
graphic unit with a high capacity generator within 
a radiology department. An image intensifier with 
video transmission, a below-table X-ray tube, an 
automatic cassette changer for 35 x 35 em films, 
and a sliding table with an automatic table-shifting 
device are adequate for PTA procedures on the 
subclavian artery, renal artery, aorta, iliac artery, 
femoral artery, and popliteal artery. 

However, for PTA procedures on the carotid, 
mesenteric, and coronary arteries, image intensifi
cation video transmission system in C-arch ar
rangement or with biplane exposure are necessary. 
Additional apparatus such as standard format 
cameras for 10 x 10 cm films attached to the image 
intensifier, an analog video recording system, and 
the digital subtraction technique for digital sub
traction angiography (DSA) may be helpful in 
PTA, but are not absolutely necessary. However, 
an automatic contrast medium injector and a pres
sure-measuring instrument (Statham element), 
useful for intra-arterial pressure registration, are 
needed. 

2. Instruments 

Independent of the vascular region, the following 
basic instruments should be available: 
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1. A -20-ml syringe with 1 % lidocaine for local 
anesthesia 

2. A 10-ml syringe with a Luer-Iock attachment 
for contrast medium 

3. A 5-ml syringe with a Luer-Iock attachment 
for filling the balloon (filled with 2 ml normal 
saline solution and 2 ml contrast medium) 

4. A 25-ml syringe with a Luer-Iock attachment 
for emptying the balloon 

5. 1-2 50-ml syringes for flushing by the perfusor 
6. Perfusor 
7. 2 bowls of normal saline solution with heparin 

added (5000 units/I) 
8. Seldinger needle 
9. An 8-French introducer sheath with a hemo

static valve (Fig. 7.3.3) 
10. A Y-piece attachment with stopcock (contrast 

medium can be injected with guide wire still 
in place; Fig. 7.3.4) 

11. Guide wires, an angiographic catheter for ex
ploration, and a dilating catheter (see Sect. C) 

3. Contrast Media 

The new, nonionic contrast media (Jopamidol or 
Johexol) cause less heat sensation and have less 
toxicity than the traditional ionic contrast media. 
As a rule, children should not receive more than 
1 ml per kilogram body weight and adults not 
more than 2 ml per kilogram body weight per day. 
In exceptional cases, up to 250 ml can be given 
to adults with normal renal function. By applying 
DSA for control of superselective positioning and 
final assessment of morphology, the amount of 
contrast medium may be reduced considerably. 

4. Positioning of the Patient 

The supine position is suited for transfemoral, 
transaxillary, or transbrachial catheterization. For 
anterograde puncture in the region of the femoral 
artery, a cushion about 10 cm high should be 
placed under the pelvis, especially in obese pa
tients. It can be removed after introduction of the 
catheter. In such a position, it must be ensured 
that the vascular region and its distal outflow can 
be reached with the image intensification fluoros
copy unit. 

5. Introduction of the Catheter 

The catheter can be introduced percutaneously or 
following exposure of the artery (e.g., intra opera-
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Fig. 7.3.2a-d. Diagram of percutaneous catheter intro
duction according to SELDINGER 

Fig. 7.3.3. Diagram of the catheter sheath introducer 
system. Catheters of different sizes can be changed as 
often as necessary. The sheath is constantly flushed by 
a perfusor connected to the system 

tively). The transfemoral approach is used most 
often. The transaxillary or transbrachial ap
proaches are very rarely chosen. For trarlsfemoral 
and transaxillary catheterization, the percutaneous 
technique of SELDINGER is most often used 
(Fig. 7.3.2). In the trans brachial approach the 
catheter is usually inserted after operative expo
sure of the brachial artery in the cubital region. 
If the catheter needs to be changed very often, 
one should use an introducer sheath with a hemo
static valve through which catheters of different 
sizes may be inserted (Fig. 7.3.3). 

In stenoses located within branches of the aorta 
(e.g., stenosis of the renal artery, subclavian artery, 
vertebral artery, and so on) an angiographic cathe
ter is first introduced to locate the stenosed artery 
and then replaced by a dilating catheter over a 
guide wire. The dilatating catheter can be inserted 
directly into stenoses that are near the puncture 
site (for example: iliac stenoses, stenoses of the 
superficial femoral artery or popliteal artery). 
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A description of anterograde puncture of the 
femoral artery in stenoses of distal vessels is given 
in the section on catheterization of special vascular 
areas, p. 123. 

6. Passage of a Stenosis 

The passage of a stenosis or an occlusion with 
a guide or an angiographic catheter is the most 
important step in angioplasty. Morphologic details 
of the stenosis can be seen in a conventional angio
gram. If only i.v. angiography with subtraction 
(DSA) or angiotomography has been performed 
prior to the procedure, a conventional angiogram 
must be obtained before passage of the narrowed 
vascular segment. The stenosis must be localized 
by fluoroscopy during a test injection and marked 
on the skin with a piece of metal. In stenoses of 
the renal arteries, one should note the position 
of these stenoses with reference to the edge of the 
vertebra or, in stenoses of the subclavian artery, 
with reference to the clavicle. It is a rule in all 
techniques that the passage of the stenosis with 
a guide wire and/or catheter must always be done 
under fluoroscopic control employing test injec
tions of contrast medium to assure their intralumi
nal position. If a guide lies within the catheter, 
injection of contrast medium is only possible using 
a special Y-piece attachment (Fig. 7.3.4). If pas
sage of the stenosis is achieved, it is usually very 
easy to advance the dilating catheter over the guide 
through the stenosis. Then dilatation can be per
formed without difficulty. Sometimes, however, 
passage is difficult owing to the location and mor
phology of the stenosis. Also, the guide wire and 
catheter may be advanced intramurally; or, 100-

Fig. 7.3.4. Diagram of the Y-piece attachment. Contrast 
medium can be injected through the catheter with the 
guide wire still in place 
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sening of thrombotic material may lead to emboli
zation or conversion of the stenosis into a total 
occlusion. This is why different techniques must 
be employed, depending upon the location and 
structure of the stenoses. These techniques are de
scribed below. 

a) Guide Wire Technique. The basic principle is 
to advance a catheter (angiographic or dilating 
catheter) until the stenosis is reached and to insert 
a guide wire through it. This guide passes the ste
nosis first. Afterward, the dilating catheter is ad
vanced over the guide through the stenosis. The 
following possibilities may result: 

Straight Catheter - Straight Guide (Fig. 7.3.5a). 
This method is suited for all concentric stenoses 
in straight vessel segments. Example: stenoses of 
the superficial femoral artery and popliteal artery, 
common iliac artery, and infrarenal abdominal 
aorta. 

Preshaped Catheter - Straight Guide (Fig. 7 .3.5 c). 
By preshaping the catheter, the guide is given a 
different direction so that a stenosis can be passed 
which might not be passable using a straight cathe
ter. Pre shaped catheters are the "cobra," "side
winder," and "head-hunter" catheters. These 
catheters are necessary in eccentric stenoses with 
or without pockets, within straight or curved vas
cular segments, and in concentric stenoses within 
curved vascular segments (Fig. 7.3.5c). Example: 
eccentric stenoses within the elongated external or 
common iliac artery, concentric stenoses in the re
nal artery, the mesenteric artery, or the subclavian 
artery, among others. 

a 

b 

Fig. 7.3.5a-d. The four types 
of guide wire technique for 
passage of a stenosis (see text) 
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Straight Catheter - Preshaped and Steerable 
Guide (Fig. 7.3.5b). By a special manufacturing 
process the posterior portion of the guide is stabi
lized, allowing the front curved end to be rotated 
in any possible direction. This method is suited 
to eccentric stenoses in straight vascular segments. 
Example: eccentric stenoses in the superficial fem
oral artery and the popliteal artery, also in seg
ments of the common iliac artery. 

Preshaped Catheter - Preshaped and Steerable 
Guide (Fig.7.3.5d). Guide and catheter can be 
used in stenoses that change direction. This meth
od is suited to double eccentric stenoses in straight 
or curved vascular segments. Example: multiec
centric stenoses in the iliac and renal arteries or 
in stenoses of segmental arteries of the renal artery. 

b) Guide Catheter Method (Fig. 7.3 .6). The basic 
principle of this method is to place a rigid pre
shaped guide catheter in front of the stenosis. A 
miniaturized balloon catheter is inserted through 
it and advanced through the stenosis with a guide 
wire. This method is used in coronary stenoses 
and also rarely in stenoses of the renal arteries. 

Fig. 7.3.6. Guide catheter technique 

Fig. 7.3.7. Jet technique for passage ofa stenosis without 
a guide wire 
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c) Jet Method (Fig. 7.3.7). A straight or preshaped 
catheter without a guide wire is advanced through 
the stenosis during constant administration of 
small test injections. The rebound at the tip of 
the catheter gives it the right direction. Once pas
sage of the stenosis has been accomplished, the 
guide is advanced into the distal part of the vessel, 
and the passage catheter is exchanged for a dilat
ing catheter. This method is used in eccentric ste
noses in straight or curved vascular segments. 

7. Passage of an Occlusion 

The atheromatous fibrous portion of the obliterat
ing material greatly obstructs the passage of the 
catheter. However, the thrombotic portion is easily 
traversed by a guide wire and/or catheter with rela
tively little resistance. We pass occlusions up to 
4 cm without local streptokinase injection, and 
longer occluded segments with the injection (Chap. 
7.2). 

There are three ways of passing an obstruction. 
All three of them have about the same success 
rate. The author recommends maintaining the fol
lowing sequence : First use the straight guide wire. 
If the occlusion cannot be passed, reinforce the 
guide wire by passing a catheter over it. It is best 
to use a curved guide, placing its end beyond the 
tip of the catheter and advancing both together 
through the occlusion. Penetration of the vascular 
wall with the catheter is less likely than with the 
guide wire alone because the former has a greater 
diameter. Thus, the risk of intramural advance
ment is greatly reduced. The beginning and end 
of the occlusion are marked on the skin. After 
passing the occlusion, the intraluminal position of 
the catheter must be checked by an injection of 
contrast medium. 

8. Dilatation 

Dilatation aims at the following: 

- To enlarge the diameter of the narrowed vascu
lar segment 

- To create a smooth internal surface 
- To injure the vascular wall as little as possible, 

especially proximal and distal to the stenosis 
- To avoid microemboli 

For the achievement of these goals, selection of 
the right dilating catheter is just as important as 
a sound knowledge of the dilatation procedure. 
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We prefer a polyethylene catheter. Its balloon, 
when filled, shows little compliance (increase of 
outer diameter when the pressure is raised). This 
guarantees that the application of maximum pres
sure is totally transmitted to the occluding material 
and does not lead to overdilatation of neighboring 
vessel segments. It is important to understand that 
less pressure is necessary to fill a balloon with a 
larger diameter (force A) than a balloon with a 
smaller diameter because A is a function of pres
sure X. The dilating force of the balloon at the 
stenosis is greater, the greater the narrowing at 
the stenosis. This is why a high grade stenosis can 
be eliminated with only one dilatation, whereas 
low grade stenoses or remnant stenoses cannot be 
removed, even if great pressure and repeated dila
tations are employed. 

Form of a Dilating Catheter. Length and diame
ter of the balloon must be chosen according to 
the individual situation. Usually, a straight dilat
ing catheter is used. In renal or mesenteric arteries 
branching off at an acute angle in a caudal direc
tion, a pre shaped dilating catheter (e.g., the Side
Winder) may also be applied (Fig. 7.3.8). The di
ameter of the balloon depends on the supposed 
diameter of the treated vascular segment without 
poststenotic dilatation. It is sufficient to dilate the 
stenotic arterial segment until its lumen is as large 
as undiseased portions of the inflow and outflow 
tract. Overstretching can lead to mechanical inju
ry. The length of the balloon depends on the length 
of the treated vessel segment, whereas in short 
stenoses a balloon length of 2-3 cm and in stenoses 
or occlusions up to 4 cm a balloon length of about 
4 cm are needed. Longer occlusions require a lon
ger balloon (up to 10 cm) if they cannot be treated 
by local lysis. 

The process of dilatation is carried out as fol
lows: 

After advancing the catheter through the steno
sis (see Sect. B.III.6) and making sure that the 
guide wire has an intraluminal position, the dilat
ing catheter is passed over the guide (Fig. 7.3 .1). 

A lead marker placed distal and proximal to 
the balloon of the dilating catheter helps to posi
tion the dilating segment of the catheter exactly 
at the site of the stenosis. As mentioned earlier, 
the exact site of the stenosis must be marked by 
radiopaque material on the skin surface. When it 
is certain that the balloon is exactly within the 
stenotic segment, the balloon is filled with diluted 
contrast medium (1.5 ml contrast medium 
+ 1.5 ml normal saline solution in a 5 to 10 ml 
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a b 
Fig. 7.3.8a, b. PTA in a stenosis of the superior mesen
teric artery. On the left (a) PTA is performed transfem
orally with a preshaped dilating catheter (Side-Winder); 
on the right a transaxillary approach with a straight 
dilating catheter (b). In b, the stenosis is situated further 
distally. Basically, these methods can also be applied 
in renal arteries which branch off caudally at a very 
acute angle 

syringe) under fluoroscopic control. Dilatation 
lasts about 20-30 s. It can be repeated several 
times. After the balloon has relieved the stenosis, 
the pressure remains constant. At this point, one 
should consider that a small syringe with a small 
piston (5 ml syringe) may build up more pressure 
faster, but on the other hand a large syringe (20-
50 ml) speeds up pressure reduction and emptying 
of the balloon [1]. If the balloon is longer than 
the stenotic vessel segment (that is the way it 
should be), the catheter does not have to be ad
vanced for a second dilatation. However, if the 
balloon is shorter, the dilating catheter is pushed 
forward until the distal end of the balloon lies 
1 cm distal to the stenotic area. After the first dila
tation, the balloon is withdrawn about three 
quarters of its length, and the proximal portion 
of the vessel is dilated. This procedure is repeated 
until the proximal end of the stenosis or the occlu
sion is reached. In such a way, multiple stenoses 
are dilated with a short balloon, starting at the 
distal end. Following dilatation, the dilating cathe
ter is withdrawn, and the guide wire is left in place. 
A control angiogram is obtained (Fig. 7.3.9). If, 
after dilatation, a distinct stenosis remains, the 
catheter can be advanced again, and a second dila
tation using the same or a larger balloon diameter 
may be attempted. A second dilating procedure 
is not necessary in smaller remnant stenoses be
cause wall irregularities caused by thrombotic de-
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a 

Fig. 7.3.9a-c. PTA in stenosis of the right renal artery. 
The right renal artery is entered with a Side-Winder 
catheter since its tip can be advanced on the caudal side 
of the plaque (a). A catheter for orientation lies in the 
contralateral pelvic artery, which can be advanced up
ward for morphologic control at any time (c). Catheters 
for passage of the stenosis and dilating catheters should 
be inserted ipsilaterally through the femoral artery. This 
is the only way the dilating catheter can be easily intro
duced into the renal arteries (b). Following PTA, the 
guide wire remains in the right renal artery and the dilat
ing catheter only is pulled back (c). A control aortogram 
is obtained 

posits vanish, owing to autogenous lysis and 
smoothing (endothelialization). 

9. Control Angiography 

Control angiography should document the success 
of treatment and expose complications. Therefore, 
the vessels distal to the dilated segment should al
ways be included. In small arteries, contrast medi
um can be injected through the catheter after it 
has been withdrawn about 10 cm proximally from 
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the dilated vascular segment (the guide wire re
maining distal to it (Fig. 7.3.4)). 

In stenoses at the origin of the renal and mesen
teric arteries an additional catheter is necessary 
for orientation in order to achieve the necessary 
concentration of contrast medium in the aorta 
(Fig. 7.3.9). 

IV. Follow-up Treatment 

Pressure bandage over the puncture site. 
- Bed rest until the next morning. 
- Drug treatment: platelet aggregation inhibitors 

dose, for example Asasantin (330 mg acetylsali
cylic acid and 75 mg dipyrarnidamole) t.i.d. for 
a period of at least 6 weeks. In arteriosclerotic 
patients, long-term treatment may be necessary. 

- Noninvasive diagnostic procedures to control 
the results of treatment: e.g., auscultation and 
palpation, blood pressure measurement, 
Doppler sonography and Doppler pressure 
measurement, measurement of walking range, 
131I-hippuric-acid clearance on each side, DSA, 
and others according to the vascular region. 
When findings have normalized, the patient may 
be discharged after 1-2 days and should be seen 
again, on an outpatient basis, about 14 days 
after PTA. 

C. Indications, Contraindications, 
Technique, and Complications of PTA 
in Particular Vascular Areas 

I. Subclavian Artery, Axillary Artery, 
and Brachiocephalic Artery 

Today PTA of stenoses of the subclavian artery 
has developed into a routine procedure. If done 
on the left side, it is relatively simple. PTA of the 
very rare right-side stenosis is more difficult. Oc
clusions of the subclavian artery should be treated 
by PTA only in exceptional cases. 

Indications for PTA 

- Cerebral symptoms as in vertebrobasilar insuffi
ciency during arm exercise (vertigo, speech and 
visual disturbances, headaches, pareses, short 
episodes of unconsciousness, etc.) 
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- Brachial symptoms (arm weakness, pain at rest, 
gangrene caused by emboli, coldness, numbness 

- Combination of cerebral and brachial symp
toms 

Preconditions for PTA 

- Stenoses proximal to the origin of the vertebral 
artery with retrograde flow within the vertebral 
artery 

- Stenoses distal to the origin of the vertebral ar
tery and extending into the region of the axillary 
and brachial artery 

- Stenoses of the brachiocephalic artery with total 
occlusion of the internal carotid artery and ret
rograde flow in the vertebral artery, both on 
the right side 

Contraindications 

- Asymptomatic stenosis of the subclavian artery 
- Symptomatic proximal stenosis of the subcla-

vian artery with anterograde flow in the verte
bral artery 

- Stenosis of the subclavian artery with an arterial 
thoracic outlet syndrome 

- Stenosis of the brachiocephalic artery with an 
open internal carotid artery and/or anterograde 
flow in the vertebral artery 

- Stenosis just at the origin of the right subclavian 
artery (danger of embolization into the right 
common carotid artery) 

Technical Particulars 

- Transfemoral approach in stenoses of the left 
side and transaxillary approach in stenoses and 
occlusions on the right 

- Passage of the stenosis: preshaped angiographic 
catheters, e.g., "head-hunter" ; guide wire 
250 cm long, dilating catheter 100-120 cm long 

Following deflation of the balloon, results can be 
checked by measuring blood pressure. Sometimes 
dilatation must be repeated until blood pressure 
is the same as in the opposite arm. A second pas
sage of the stenosis with the guide wire and cathe
ter must always be avoided as thrombotic material 
may be loosened and embolize into the vertebral 
artery, which already shows anterograde perfusion 
following the first dilatation. 

Results. This treatment produced positive hemo
dynamic as well as angiographic results in 81 of 
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85 patients without neurologic complications (re
view of the literature [15]). The only complication 
which occurred was an embolization into the arter
ies of the arm. Our own results show primary suc
cess in 11 of 13 cases (a stenosis of the right subcla
vian artery and a stenosis of the peripheral bra
chial artery could not be passed). Out of these 
11 cases we had one recurrence. 

II. Carotid Artery 

If the internal carotid artery is patent, PTA of 
an arterial sclerotic stenosis within the brachioce
phalic artery or the common carotid or internal 
carotid arteries should not be attempted on either 
side, save in exceptional cases, owing to the danger 
of cerebral embolization [8]. An arteriosclerotic 
stenosis of the carotid bifurcation, the typical site, 
is treated only by vascular surgery. Fibromuscular 
dysplasia of the internal carotid artery, when situ
ated near the base of the skull, and arteriosclerotic 
stenosis of the external carotid artery with simulta
neous occlusion of the ipsilateral internal carotid 
artery are indications for PTA. In both cases, the 
risk of embolization into the brain is very low. 
The aim of treating a stenosis of the external caro
tid artery is to improve collateral circulation to 
the internal carotid artery which is of importance 
if an ipsilateral extra-intracranial bypass is 
planned. The technique is the same as in a stenosis 
of the subclavian artery described above (straight 
guide wire, 250 cm long; dilating catheter, 120 cm 
long, with a balloon diameter of 3-5 mm). Angiog
raphy of all cerebral arteries should be performed. 
A vascular surgeon should be on standby. 

Results. Successful treatment of fibromuscular 
dysplasia of the internal carotid artery near the 
base of the skull [8] as well as of stenosis of the 
external carotid artery with simultaneous occlu
sion of the internal carotid artery [14,15] has been 
reported. There were no complications in these 
cases. 

ill. Vertebral and Basilar Artery 

These stenoses should be treated only in centers 
with a great deal of PTA experience. Stenoses of 
the vertebral artery are usually located at its origin 
and do not show ulcerating plaques. 
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Indications and Preconditions. Prior to PTA, a pan
angiographic survey of the cerebrovascular system 
should be performed. Carotid stenoses must be 
relieved by surgery before the procedure is at
tempted. If this correction does not change the 
clinical symptoms of vertebrobasilar insufficiency 
and the contralateral vertebral artery is occluded 
or shows a high grade stenosis, PTA is indicated. 
Again, it should be attempted only with a vascular 
surgeon on standby. The technique is similar to 
that used in stenoses of the subclavian artery 
(straight guide wire, 250 cm long; dilating cathe
ter, 120 em long, with a balloon diameter of 3-
4mm). 

Results. MOTARJEME et al. [9] reported on 13 suc
cessful PT As of stenoses at the origin of the verte
bral artery. In three cases the catheter could not 
be passed through the narrowed segment of the 
artery. We do not have any experiences of our 
own to report. 

PTA in a stenosis of the basilar artery is justi
fied if the prognosis is unfavorable. Passage of the 
stenosis may be possible following operative expo
sure of the vertebral artery at the arch of the atlas 
(intraoperative PTA). 

IV. Celiac Artery, Superior, and Inferior 
Mesenteric Arteries 

Abdominal angina may be suspected when all 
three visceral arteries (celiac artery and both mes
enteric arteries) are partially stenosed or occluded 
and other reasons for these symptoms have been 
excluded. Stenoses of these arteries near their ori
gins may be treated by PTA with a vascular sur
geon on standby. Biplanar fluoroscopy must be 
available. As in renal arteries, passage and dilata
tion of preshaped catheters is necessary 
(Fig. 7.3.8). 

V. Renal Artery 

In most cases, renal vascular hypertension is 
caused by arteriosclerotic stenoses of the renal ar
teries or fibromuscular dysplasia of one or more 
layers of the arterial wall. With only a few excep
tions, both forms of stenosis are suitable for PTA. 
It is also the method of choice in stenoses of trans
planted arteries, in stenoses which develop within 
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venous interposition grafts postoperatively, and in 
recurrences following previous PTA. 

Indication 

- Renovascular hypertension in which the age of 
the patient and the pathogenesis of the stenosis 
is not important (arteriosclerosis, fibromuscular 
dysplasia, stenosis of transplant arteries, Ta
kayasu arteritis) 

- Renal insufficiency: stenoses of both sides and 
unilateral stenoses if the contralateral kidney is 
without function or only one kidney is present 

Preconditions for PTA 

- Correction of existing carotid stenoses 
- Possibility of intensive care in high risk patients 

following PTA (history of myocardial infarc
tion, coronary stenosis, cerebral insult, older 
than 65) 

- Discontinuation of antihypertensive medication 
in the evening of the day before the procedure. 
Clonidine treatment is discontinued by slowly 
reducing the dose as abrupt withdrawl may lead 
to a rebound effect causing a hypertensive crisis 

- Notification of the vascular surgeon 

Contraindications 

- Stenoses without hemodynamic effect (negative 
renin quotient, 131 I-hippurate clearance equal 
on both sides, no measurable pressure gradient 
across the stenosis) 

- Stenoses with beadlike multi segmental fibro
muscular dysplasia 

- Stenoses caused by dissecting aortic aneurysms 
- Large plaques in the aorta at the ostium of the 

renal artery which are easily dislodged 
- Kinking stenoses (especially in graft arteries) 
- High grade stenoses with a large amount of oc-

clusive material 

Technique. For passage and dilatation of a renal 
artery stenosis, the guide wire method (Fig. 7.3.5) 
and the guide catheter method are suitable 
(Fig. 7.3.6 in Sect. B.III.6). The guide wire method 
with very flexible, preshaped dilating catheters is 
usually successful; as a result the guide catheter 
method is rarely used. The transfemoral approach 
should always be ipsilateral; this allows the cathe
ter to be advanced easily along a curve of large 
radius into the renal artery. A catheter for orienta
tion can be inserted transfemorally on the contra-
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lateral side. This facilitates control angiography 
during each phase of the passing and dilating pro
cedure without withdrawing the guide wire, the 
passage catheter, or the dilating catheter from the 
renal artery (Fig. 7.3.9). If control angiography 
shows a second dilating procedure to be necessary, 
the dilating catheter is advanced over the guide 
wire a second time. A further advantage of using 
a second catheter is that in the event of perforation 
or rupture of the renal artery, the artery can be 
occluded simply by advancing the dilating catheter 
over the guide wire into the ostium of the renal 
artery. 

Complications. In addition to local complications 
at the puncture site (thrombosis, leakage, large he
matoma, and others), complications occurring at 
the renal artery are also of great importance. Total 
occlusion of the main renal artery (2%) must be 
corrected operatively, even though this is not the 
case in obstructions of the segmental arteries. Be
fore surgery, one can try to eliminate the occlusion 
by local streptokinase injection. Smaller dissec
tions and intimal tears, spasms of the renal artery, 
and perforation with the guide wire are without 
consequences. However, perforation with the cath
eter must be monitored intensively (sonography 
and computed tomography, control angiography), 
and an operation may be necessary. In cases of 
rupture of the renal artery (selection of a too large 
balloon), one should attempt to occlude the ori
fice of the renal artery with the balloon catheter 
(see above). Immediate surgery is necessary. In pa
tients with limited renal function, too much con
trast medium may lead to reversible or even irre
versible renal insufficiency. Therefore, nonionic 
contrast medium is recommended. Cumulative sta
tistics show the complication rate to be 22.6% in 
561 patients [7]. Most complications (70%) had 
no long-term sequelae for the patient. Surgical in
tervention at the puncture site was necessary in 
1.2% following PTA. The renal arteries needed 
reconstruction in 2.1 % of cases and the pelvic and 
leg arteries in 0.7%. In another 1.2% irreversible 
renal insufficiency made dialysis necessary. Mor
tality was 1 %, whereas catheter manipulation 
caused only one death directly (mesenteric infarct). 
Myocardial infarctions (n = 4) and one cerebral in
sult in the days following PTA were the main 
causes of death. 

Results. According to the literature, PTA treat
ment (primary success) is possible in 82%-94% 
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of patients. Follow-up controls up to 4 years show 
an average success rate of 73% in 438 treated pa
tients [7]. Patients with fibromuscular dysplasia 
have a higher cure rate than patients with arterio
sclerotic stenoses. Systematic angiographic control 
6 months after PTA showed not one occlusion 
of the renal artery or formation of an aneurysm 
in our patients. No stenosis was observed in the 
majority of renal arteries investigated (24/33). The 
vasculature was inconspicuous, and poststenotic 
dilatation had regressed. 

The other patients had remnant stenoses with
out hemodynamic effects or recurrent stenoses (5/ 
33). The recurrent stenoses were dilated a second 
time. According to the literature the average recur
rence rate is about 11 % (5%-25%). Repetition 
of PTA in a recurrent stenosis is possible without 
higher risk. The chances that a second PTA proce
dure will be successful are about equal to those 
for the first PTA. 

VI. Infrarenal Abdominal Aorta 

A single stenosis of the infrarenal aorta is very 
rare. It may be a preliminary stage of a total ob
struction of the aortic bifurcation. It can be treated 
by PTA (Fig. 7.3.10). 

Indication for PTA 

- Intermittent claudication on both sides with 
pain in the gluteal and thigh muscles 

- Impotentia coeundi (rare) 

Preconditions for PTA 

- Single stenosis 
- Site of the stenosis between the renal artery and 

the aortic bifurcation 
- Both pelvic arteries patent 

Contraindications 

- Long segments of the abdominal aorta showing 
arteriosclerotic lesions with loose plaques and 
ulcerations 

- Additional occlusions and stenoses in the region 
of the iliac arteries (such patients should receive 
a bifurcation prothesis) 

Technique. Depending on the diameter of the aor
ta, dilating catheters with balloon diameters of 8, 
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a b 

Fig. 7.3.10a, b. Diagram of PTA in a distal aortic steno
sis. The high grade stenosis just above the bifurcation 
is treated by the kissing balloon technique (b). This is 
the only way to achieve a dilatation wide enough for 
successful restoration of normal blood flow 

10, or 12 mm can be used. If a large cross-section 
is to be achieved, or if the stenosis lies just above 
the aortic bifurcation (Fig. 7.3.10), the kissing bal
loon technique [6] with two dilating catheters 
should be employed. The two balloons are inflated 
simultaneously. If one balloon reaches down to 
the common iliac artery, the diameter of the com
mon iliac artery will determine the diameter of 
the balloon. 

Results. Besides reports on successful PTA treat
ments of concentric aortic stenoses in a few cases 
[11,13], we have results for 19 of our own patients. 
During an average follow-up period of 48 months 
treatment was successful in 17 of the 19 cases. 

Three complications without sequelae oc
curred: one aortic wall dissection, one emboliza
tion' and one hematoma at the puncture site [6]. 

VII. Pelvic and Femoral Arteries 

The common occurrence of occlusive arterial dis
ease in the lower half of the body explains why 
PTA is most often done in this vascular region. 
The procedure is easy to perform in this area be
cause the arterial puncture site is in the vicinity 
of the vascular segments requiring dilatation. 

Indication 

- Any accessible stenosis situated anywhere be
tween the common iliac artery and the distal 
tibioperoneal vessels, including stenoses in the 
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distal profunda femoris artery. Clinical symp
toms range from stages IIa to IV according to 
Fontaine's systems of classification 

- Occlusions up to a length of 4 cm in the region 
of the superficial femoral and popliteal arteries 
and a length of 2 cm in the region of the com
mon or external iliac arteries; occlusions causing 
stage IIb-IV symptoms, and especially in cases 
in which stage IIb cannot be improved by con
servative therapy (e.g., walking exercise). Occlu
sions over 5 em in length should be treated by 
a combination of local lysis and PTA and only 
in exceptional cases by PTA alone (Chap. 7.2) 

- Any stenosis of the internal iliac artery if it is 
a possible cause of impotence 

- Any recurrence following PTA treatment of 
these lesions 

Contraindications 

- Acute embolism and thrombosis 
- Transfemoral approach not possible because of 

infection or considerable scar formation after 
surgery 

- All stenoses at the origin of the profunda femo
ris artery that are indications for operative graft
ing procedures 

Technique 

1. Stenoses far away from the puncture site (at 
least 5- 6 em distal or proximal to the inguinal 
region). 
- Ipsilateral transfemoral approach, retrograde 

or anterograde puncture (for anterograde 
puncture see below) 

- A passage catheter is rarely necessary to over
come the stenosis. This is why a straight dilat
ing catheter is inserted 

- Selective control angiography 
2. Stenoses near the puncture site: cross-over tech

mque. 
- Approach: contralateral transfemoral, retro

grade puncture 
- Preshaped catheter for aortic bifurcations 

(" co bra," "side-winder ") 
- Dilating catheter: straight, 65 em long 
- Selective control angiography 

In stenoses of the superficial femoral artery and 
the popliteal artery anterograde puncture of the 
ipsilateral common femoral artery is essential. The 
arterial puncture site lies at the upper margin of 
the palpable inguinal ligament. The needle is ad-
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Fig.7.3.lla, b. Diagram of the anterograde puncture 
of the femoral artery. Needle and guide wire are often 
wrongly advanced into the deep femoral art~ry o~ing 
to the anatomy in this region (a). After partially with
drawing the needle and holding it in a more tangential 
direction towards the surface of the skin, the guide wire 
can be manipulated into the superficial femoral artery 
(b) 

vanced at a 45° angle. In most cases localization 
and passage of the superficial femoral artery do 
not present any problems. However, owing to cer
tain anatomic features of this region, the guide 
wire may slip off into the profunda femoris artery. 
Withdrawal and lowering of the needle 
(Fig. 7.3.11) may lead the guide wire into the cor
rect artery. Using the Tuohy cannula makes 
anterograde passage of the superficial femoral ar
tery easier [12]. 

Results. Review of the literature [4] shows a prima
ry success rate of 93% in iliac stenoses (1600 pa
tients), 96% in femoral stenoses (751 patients), and 
68% in femoral occlusions (518 patients). The pa
tency rate after 3 years in successfully treated pa
tients in the same group was 85% in iliac stenoses, 
75% in femoral stenoses, and 68% in femoral oc
clusions. The same cumulative statistics show a 
complication rate of 2.8% in iliac and 7.6% in 
femoropopliteal stenoses. 

In iliac stenoses, local complications at the 
puncture site occured in 1.7%, systemic complica
tions (e.g., pulmonary embolism, myocardial in
farction, congestive heart failure, CV A, etc. during 
the first 10 days after the procedure) in 0.3%, and 
complications requmng surgical intervention 
(macroembolism, pseudo aneurysm formation, 
thrombosis at the puncture site, etc.) in 0.8%. In 
femoropopliteal stenoses the complication rate at 
the puncture site was 3.2%, the rate of systemic 
complications was 2.4%, and surgery was neces
sary in 2%. 
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D. Intraoperative Transluminal Angioplasty 

This technique represents the application of trans
luminal angioplasty during vascular surgery for di
latation of remote proximal or distal stenoses or 
occlusions. Its purpose is to improve inflow and 
outflow in these regions. This technique limits the 
extent of surgery and lowers the operative risk. 
Intraoperative transluminal angioplasty is often 
used in long stenoses of the superficial femoral 
artery with simultaneous stenosis of the pelvic ar
teries or distal popliteal artery. 

Stenoses lying within inaccessible vessel seg
ments may be dilated by intraoperative translu
minal angioplasty (e.g., stenosis of the basilar ar
tery after operative exposure of the vertebral loop, 
peripheral stenosis of the renal artery after opera
tive exposure of the main renal artery, fibromuscu
lar dysplasia of the carotid artery near the base 
of the skull following operative exposure of the 
carotid bifurcation). 

The essential equipment in the operating room 
(radiolucent operating table, devices for fluorosco
py and pressure registration, etc.) is just as impor
tant as cooperation between the surgeon and the 
radiologist. An arteriotomy is performed on the 
exposed vessel, or the Seldinger technique is ap
plied. Passage and dilatation are done using the 
same technique as described in Sect. B. 

More extensive studies have not yet been car
ried out. The results are probably equivalent to 
those achieved using the percutaneous technique 
in the corresponding vascular areas. 
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In reconstructive vascular surgery, immediate as
sessment of therapeutic success by certain intraop
erative procedures (evaluation of morphological 
and hemodynamic criteria) is of the utmost impor
tance for preserving high standards. In reconstruc
tive vascular surgery the quality of the operative 
procedure largely determines both the early and 
the late results. Long-term results can be improved 
through intraoperative control of vessel recon
struction. The discovery and elimination of techni
cal errors within a reconstructed vascular segment 
is the ultimate goal of all intraoperative control 
measures. 

Postoperative assessment should evaluate the 
immediate outcome of the operation. This is com
pared with preoperative diagnostic measures and 
the previous angiomorphological situation of the 
specific reconstructed arterial segment. 

From the perspective of quality control, long
term follow-up at fixed time intervals makes it pos
sible to keep track of patients and to evaluate the 
effectiveness of individual operations within larger 
patient groups. 

Intraoperative control is performed immediately 
after vascular reconstruction, so that any errors 
discovered can be immediately corrected. Morpho
logical conditions are almost always judged by in
traoperative angiography [11, 14, 17]. Vascular en
doscopy as developed by VOLLMAR represents an 
important supplement to morphological judge
ment. However, this procedure can only be per
formed in a few medical centers since special 
equipment is needed [27]. 

Functional tests are a second means of immedi
ate intraoperative control. Intravascular pressure 
registration and electromagnetic flow measure
ment have proven to be very reliable. Qualitative 
as well as quantitative blood flow parameters can 
be registered and compared [9]. In addition to 
these basic intraoperative methods, the literature 
discusses many highly specialized control tech
niques for specific vascular regions. However, 
since they usually involve very expensive equip
ment and are subject to constant modification, 
most of them cannot be recommended as standard 
methods of intraoperative assessment [26] (Ta
ble 8.1). 

Table 8.1. Intraoperative assessment 

I. Morphology: 
1. Intraoperative angiography 
2. Intraoperative vascular endoscopy 
3. Other measures 

II. Function: 
1. Pressure registration 
2. Electromagnetic flow measurement 
3. Other measures 
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1. Angiography 

The aim of intraoperative angiography is the ra
diomorphological display of an entire reconstruct
ed vascular segment. The contrast medium is in
jected by hand either through a needle inserted 
proximal to the reconstruction or through a thin 
polyvinyl catheter that is fixed between two su
tures during completion of the uninterrupted ves
sel suture with its tip lying proximal to the recon
struction. Following control angiography the nee
dle or the catheter is removed, and the puncture 
site or the small anastomotic flap is compressed 
with the fingers. We prefer the catheter method 
because it is less traumatic than needle puncture. 
Detailed morphological pictures may be expected 
after arterial as well as after venous reconstruc
tions. 

Visual documentation is processed by an im
age-intensification fluoroscopy unit or an X-ray 
cassette of variable format which is exposed by 
standard X-ray apparatus. The advantage of a flu
oroscopy unit to which a video recorder can be 
connected is that it allows precise observation of 
contrast medium run-off during injection. This al
lows the surgeon to judge the functional value of 
the reconstruction. The exposure of X-ray cas
settes using a standard X-ray unit has the disad
vantage of permitting only one exposure per injec
tion. On the other hand, it is the better method 
of documentation. The quality of the X-ray picture 
is certainly higher than that of pictures obtained 
using fluoroscopy. During intraoperative angiog
raphy the dose of radiation can be estimated at 
200-600 mR per X-ray using the conventional X
ray technique, and this is not insignificant. The 
radiation dose incurred during a fluoroscopic ex
amination depends upon the length of the exami
nation and may often be much higher than in con
ventional X-ray examinations. Intraoperative an
giography is mainly applied in arterial and venous 
reconstructions of the extremities. 

2. Vascular Endoscopy 

According to VOLLMAR, endoscopic control of ar
terial and venous lumina depends upon three con
ditions: 

1. Temporary interruption of blood flow 
2. Establishment of a transparent environment by 

pressure-control perfusion through the inserted 
endoscope 
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3. Availability of an appropriate flexible or rigid 
endoscope 

VOLLMAR lists the following main indications [27, 
28] : 

1. Semiclosed stripping of the pelvic and femoral 
artery 

2. Venous thrombectomy within the ileofemoral 
segment 

We have no experience of our own with this meth
od. It should be seen as a complement to intraop
erative angiography and as an aid in the identifica
tion of otherwise undetected vascular wall lesions 
within the inflow and outflow tract. One advan
tage is that the endoscopist has a three-dimension
al view of the vessel and not merely a two-dimen
sional view as in angiography. 

3. Intraoperative Pressure Registration 

Historically, intravascular pressure registration is 
the oldest method of quantitative, intraoperative 
assessment. Here, too, technological progress has 
been dramatic - from a very complicated pressure 
gauge system to disposable pressure transducers. 
A pressure measuring system mainly consists of 
the following elements: 

1. A conduction system to transmit the pressure 
from the vessel to the transducer 

2. Pressure transducer 
3. Amplifier 
4. Registering instrument 

A conduction system consists of transparent poly
vinyl catheters with an average diameter of 1 mm. 
These are connected to the heart of the pressure 
measuring system, the transducer, and are filled 
with normal saline solution, making sure that no 
air bubbles are in the system. This is very impor
tant because gas bubbles are compressible and 
would falsify the measurements by influencing the 
volume-elasticity index. Continuous flushing of 
the whole pressure registration system is manda
tory during intraoperative pressure measurement. 
The pressure chamber forms one unit with the ac
tual pressure receptor (Fig. 8.1 a, b). 

The pressure transmitted from the vessel to the 
transducer by means of the conducting system acts 
upon an integrated strain gauge within the trans
ducer through an elastic membrane. This gauge 
is part of an electrical resistance bridge. Respond
ing to a change in electrical resistance, caused by 
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.'ig. 8.1. a Diagram of an external pressure transducer. 
b Pressure transducer arrangement for intraopera tive 
pressure measurement at two different sites 

deformation of the strain gauge, a potential signal 
is produced in the measuring device, proportional 
to the changes in pressure. These electric impulses 
are amplified and recorded on a registering instru
ment. Information gained by intraoperative pres
sure registration is quantitative, i.e., it records the 
pressure in mmHg within the vessel segment being 
investigated. Pressure measurement should be per
formed in two different vessel segments simul
taneously: one in the diseased vessel undergoing 
reconstruction and another in a segment with unal
tered hemodynamic conditions, to serve as a refer
ence (Fig. 8.2). This method is especially suited 
for intraoperative control of hemodynamically ef
fective short stenoses and occlusions of arteries 
that are reconstructed by disobliterative endarter-

Pressure chamber 
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a 
Receptor 

100mmHg 

100mmHg " '" I ... 

Aortic 
pressure 

Renal artery 
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Fig. 8.2. Pressure curves before and after aortorenal vein 
bypass in subtotal renal artery stenosis. The calibration 
peak is equivalent to 100 mmHg. Postoperatively, renal 
artery pressure increased, equaling aortic pressure 
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eCtomy or bypass (renal arteries, unpaired visceral 
arteries). A comparison of the preoperative and 
postoperative pressure differences between the re
ference pressure (e.g., aorta) and the pressure in 
the occluded vessel segment demonstrates the im
mediate effect of intraoperative reconstruction. 

When puncturing the vessel for pressure mea
surement, one must be sure that the needle tip 
lies within the vessel, if possible against the direc
tion of blood flow. The inside diameter of the nee
dle should not be too small; otherwise, it damps 
the pressure curves. At least a 20-gauge needle 
should be used. The edge of the needle point 
should be blunt and steep. These details are ex
tremely important for accurate pressure measure
ment. Bleeding at the puncture sites can be stopped 
by digital compression. They should not be over
sewn; this might jeopardize the success of the oper
ation. 

4. Electromagnetic Blood Flow Measurement 

This is the only method which can be applied in
traoperatively to determine the functional state of 
the reconstructed vessel segment. The basic princi
ple of electromagnetic flow measurement in a 
closed vessel is the practical application of Fara
day's law of induction. Within the electrolyte fluid 
of the blood, an electric potential is induced across 
the two poles of the flowmeter by means of a mag
netic field outside the vessel. This potential is regis
tered by a pair of electrodes integrated into the 
flowmeter on the outside of the vessel. This so
called signal potential is proportional to the flow 
velocity averaged over the vessel diameter and 
therefore also proportional to the flow rate. The 
measuring device records the flow rate digitally. 
This method of flow measurement was described 
separately by KOLIN (1936) and WETTERER (1937) 
[13, 30]. Modern recording devices employ alter
nating magnetic fields, especially of the square 
wave form (square wave flowmeter), since there 
is no polarization at the electrodes and a constant 
zero level can be achieved. In combination with 
a recording machine, peak flow and mean flow 
should be registered as a flow curve during each 
measurement [9, 31]. 

The accuracy of electromagnetic measuring de
vices depends upon several factors: vessel wall 
thickness, vessel diameter, blood flow velocity, and 
hematocrit. The margin of error is about 10%-
20%. The influence of hematocrit upon flow mea
surement can be eliminated in modern, programm-
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Fig. 8.3. Different models of flow probes for intraopera
tive electromagnetic flow measurement. Needle for sub
cutaneous grounding of the monitoring device 

able registration devices. However, in everyday 
practice, it can be disregarded because a reduction 
in hematocrit of 40%- 20% lowers the relative 
measuring sensitivity of the devices by only about 
1 %. The registration electrodes must be in close 
contact with the vessel wall, and they should nar
row the vessel lumen about 10%-20%. Interfering 
electrical potentials in the vicinity of the measuring 
site must be eliminated. Besides the recommended 
single ground electrode located in the subcutis near 
the measuring site, an additional surface ground 
electrode should be fixed to the patient (Fig. 8.3). 

The functional value of electromagnetic flow 
measurement is demonstrated in a femoropopliteal 
vein bypass (Figs. 8.4, 8.5, 8.6). Of course, these 
results may be applied to other vascular regions. 

1. The analysis of the registered curves shows 
the functional state of inflow and outflow. Phar
macodynamically induced hyperemia (papaverine 
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Fig. 8.4. Peak and mean flow registration during pro
gressive narrowing of the inflow tract of a femoropopli
teal vein bypass. Significant decrease of peak systolic 
flow at a 50% stenosis within the inflow tract of the 
vein bypass without detectable change of diastolic flow 
(left portion of the upper flow curve). The drop in mean 
flow from 280 to 180 ml is due to the decrease in peak 
systolic flow (lower flow curve). Conclusion : a stenosis 
of the inflow tract of a vessel reconstruction can be iden
tified only by the decreased peak systolic flow rates dur
ing pulsatile curve registration. The cause of a decrease 
in blood flow cannot be determined from the mean flow 
rate curve 

0.5 mg per kilogram body weight, naphtydrofuryl 
1 mg/kg etc., are injected into the vascular seg
ment) leads to an increase in blood flow parame
ters that are monitored by mean flow measure
ment. This increase of blood flow is caused by 
a rise in peak diastolic flow, which is due to a 
decrease in peripheral vascular resistance develop
ing after vasodilatation. This increased take-up ca
pacity of the periphery leads to a secondary rise 
in systolic flow. These changes during registration 

of flow curves gIve a limited evaluation of the 
functional value of a reconstruction. 

2. If the registered flow measurements do not 
coincide with values normally obtained after dif
ferent reconstructive procedures, a technical error 
must be sought. Intraoperative angiography 
should help find the error in order to perform im
mediate correction. 

In analyzing the registered flow curves, the peak 
systolic and diastolic amplitudes in relation to the 
zero line are of great importance. A small systolic 
amplitude with round and angled peaks is an indi
cation of a stenosis within the inflow tract 
(Fig. 8.4). The peak diastolic flow gives informa
tion on peripheral resistance. The higher it is, due 
to an impaired outflow tract, the lower is diastolic 
flow (Fig. 8.5). Functional behavior of a femoro
popliteal vein bypass during electromagnetic flow 
measurement is depicted in Fig. 8.6. All criteria 
needed for intraoperative measurement are de
scribed here. Blood flow is measured as mean 
(lower curve) as well as peak flow (upper curve). 
A calibrating spike of 100 ml/min is present at the 
beginning of each curve registration. Flow behav-
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Fig. 8.5. Flow measurement in progressive narrowing 
of the outflow tract of a femoropopliteal vein bypass. 
Increase of resistance peripheral to the measuring site 
lowers diastolic flow below the zero line. The flow ampli
tude between diastolic and systolic flow does not change 
during an increase of peripheral resistance (upper curve). 
The fall in mean blood flow from 200 ml to 30-10 ml 
is due to the decrease in peak diastolic flow (lower curve). 
Results: During pulsatile curve registration, peak dia
stolic flow values near the zero line indicate increased 
peripheral resistance due to an angiomorphologically 
impaired outflow tract 

- -
1-- I I 

i 
i 

I 3po M~ : 
I 

~n M 

t 
- .- - - I.~ I ~ '- l_,~ ·_. l _ L __ "-- -

Fig. 8.6. Typical blood flow curve of a femoropopliteal 
vein bypass at rest and after pharmacodynamically in
duced hyperemia (naphtydrofuryl 1 mg/kg); increase 
from 260 to 480 ml; this rise is achieved with three patent 
lower leg arteries (group 1). By converting the distal 
bypass anastomosis from an end-to-side (ES) to an end
to-end (EE) anastomosis the flow drops here to an aver
age flow of 200 ml owing to the decrease in peak diastol
ic flow. The latter drops because the exclusion of the 
retrograde perfused proximal popliteal segment above 
the distal anastomosis leads to an increase of peripheral 
resistance for the bypass 
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ior after changing peripheral resistance by convert
ing an end-to-side into an end-to-end anastomosis 
within the region of the distal bypass anastomosis 
is clearly shown. Flow measurement following 
pharmacodynamically induced hyperemia is al
ways performed at the end of the procedure. As 
mentioned earlier, an increase of flow during hy
peremia is due to a rise in diastolic flow, which 
is caused by a reduction of vascular resistance dur
ing peripheral vasodilatation. Besides registering 
absolute values of mean blood flow at rest and 
during hyperemia, intraoperative flow measure
ment also helps analyze inflow and outflow condi
tions. 

II. Special 

1. Carotid Artery 

Various techniques for measuring blood pressure 
in the carotid artery have been developed (direct 
intravascular pressure measurement, indirect pres
sure measurement of the orbital arteries using oph
thalmodynamography and oculopneumoplethys
mography) and also various control methods using 
Doppler sonography (registration of supratroch
lear flow signals, direct ultrasound of the internal 
carotid artery, quantitative determination of local 
flow disturbance with measurement of the pertur
bation index, Doppler ultrasonic techniques with 
frequency analysis) [12,20,21, 24]. 

a) Pressure Measurement. Pressure registration 
following direct needle puncture of the common 
carotid artery and internal carotid artery distal to 

ICA 

100 mmHg' 
... 0- ----.... 

CCA 

100mmHg 

Fig. 8.7. Intraoperative pressure measurement before 
and after endarterectomy of the internal carotid artery. 
Registration of pressure gradient elimination between 
the common carotid artery (CCA) and internal carotid 
artery (lCA) 
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the reconstructed vessel segment allows one to 
evaluate the elimination of a preoperative pressure 
gradient (Fig. 8.7). However, an estimation of lo
cal flow conditions at the carotid bifurcation can
not be achieved by intravascular pressure measure
ments, which allow only a rough assessment of 
successful intraoperative reconstruction. Indirect 
pressure measurement by continuous ophthalmo
dynamography or oculopneumoplethysmography 
evaluates the function of the collateral circulation 

Fig. 8.8A, B. Intraoperative echoflow frequency analysis 
at the internal carotid artery before (A) and after (B) 
endarterectomy (Polaroid photo). A Echoflow with a 
wide uniform frequency band and low flow velocity 
characterize the stenosis with turbulent flow. B Follow
ing endarterectomy distinct pulse waves with a uniform 
color spectrum and peak amplitude of 3360 Hz clearly 
demonstrate a decrease of turbulent flow with reconsti
tution of laminar flow 
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of the external carotid artery and correct position 
of internal shunts and documents pressure changes 
achieved by surgery of the internal carotid artery. 

b) Indirect and Direct Ultrasonic Doppler Sonogra
phy. The indirect registration of flow signals from 
the supratrochlear artery demonstrates a change 
in flow direction from retrograde to anterograde 
following successful carotid artery reconstruction. 
Nevertheless, a quantification of blood flow is not 
possible. Direct ultrasound of the carotid artery 
with sterile Doppler probes affords the opportuni
ty to judge conditions by analyzing the registered 
curves [12, 24]. 

c) Doppler Ultrasonic Frequency Analysis. A local
ized flow disturbance may be determined quantita
tively with the Doppler ultrasonic method. The 
calculation of the so-called perturbation index is 
a new technique developed by SANDMANN et al. 
during the last few years for clinical use [20, 21]. 
It can detect deviations in laminar flow. If serious 
turbulence occurs within the operating field, the 
situation is monitored immediately. Such a direct 
assessment of localized flow turbulences at the ca
rotid bifurcation may also be done with an echo
flow scanner (Fig. 8.8). Its clinical application has 
not yet been fully developed. 

The intraoperative use of high-precision 
Doppler ultrasonic frequency analyses can lead to 
a significant reduction in intraoperative and post
operative neurologic complications. Therefore, it 
is absolutely essential that these control methods 
for intraoperative assessment of the success of ca
rotid reconstructions be further developed and 
applied. 

2. Subclavian Artery 

The main indications for reconstruction of the 
subclavian artery are central subclavian occlusions 
with evidence of a clinical and angiographic sub
clavian steal syndrome. Intraoperative surgical 
success (carotid - subclavian bypass, subclavian 
transposition, subclavio-subclavian bypass) is rec
ognizable by the postoperative reverse of vertebral 
blood flow. This can be easily detected at the verte
bral artery by electromagnetic flow measurements. 
According to our own investigations of central oc
clusions of the subclavian artery, retrograde flow 
in the vertebral artery is 100-200 mljmin. Follow
ing successful reconstruction, antegrade flow 
should reach physiologic values of 80-120 ml/min. 
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3. Arteries of the Arm 

After reconstructive procedures within the arteries 
of the arm (embolectomies, traumas), surgical suc
cess is checked intraoperatively by judging the 
quality of the peripheral pulse and by angiogra
phy. It is especially important to make sure that 
the palmar arch system is patent as most recurrent 
occlusions are caused by obstruction of peripheral 
arterial segments, leading to a maximum increase 
of peripheral resistance. 

4. Visceral Arteries 

Functional assessment after procedures on visceral 
arteries is most accurately performed by intraoper
ative intravascular pressure measurement. A pre
requisite for assessing success is preoperative pres
sure measurement prior to reconstruction. Preop
erative and postreconstructive pressure registra
tion should be performed on the same vessel seg
ments (aortic pressure measurement as a refer
ence). It is not the comparison between the abso
lute pressure values that is important, but the re
moval or reduction of the pressure gradient 
between aorta and postreconstructive arterial seg
ment. If synthetic material is used for reconstruc
tion, a puncture of the synthetic material for pres
sure measurement should be avoided. Its wall elas
ticity influences the registered pressure curves, and 
needle puncture may cause unpleasant hemorrhage. 

5. Renal Arteries 

In quality control after renal artery reconstruction, 
the same requirements apply as in visceral arteries. 
Here, change of the pressure gradient before and 
after reconstruction is the most important intraop
erative check (see Fig. 8.2). According to our own 
experience, electromagnetic flow measurement is 
not indicated in intestinal and renal arteries since 
no comparative values on normal blood flow 
through these arteries are available in the litera
ture. Furthermore, the adjustment and fixation of 
the small flow probes to these fine arteries could 
jeopardize the reconstruction. 

6. Aortic and Pelvic Arteries 

Instrumental measurement for quality control fol
lowing reconstruction of the abdominal aorta 
(endarterectomy, aortic bifurcation prosthesis) 
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and reconstruction of the pelvic arteries is not em
ployed routinely since clinical pulse control alone 
suffices. Intraoperative measurements of flow rate 
through the pelvic arteries show values between 
600 and 800 ml/min in One leg of the bifurcation 
prosthesis when the femoral artery is patent. The 
results of aortoiliac reconstructions can be mea
sured only at the superficial femoral artery and 
the profunda femoris artery. This will be described 
in the following section. 

7. Femoropopliteocrural Artery Axis 

Methods of intraoperative control for the many 
reconstructive procedures within the lower extrem
ity can be summarized as follows: 

1. Angiography 
2. Electromagnetic flow measurement 
3. Pressure measurement 
4. Continuous registration of skin temperature 
5. Ultrasonic Doppler pressure measurement 
6. Vascular endoscopy 

Two main methods are employed: angiography for 
morphological control and electromagnetic flow 
measurement for functional control. 

a) Intraoperative Angiography. Intraoperative an
giography is probably the oldest method of intra
operative functional control following reconstruc
tions within the lower extremity. References on 
this subject are numerous. The technique of intra
operative angiography has been described earlier. 
The great advantage of angiography is that tech
nical errors can be found immediately and cor
rected during the same operation. According to 
KRETSCHMER et aI., the commonest errors requir
ing correction are found after thromboendarterec
tomy of the femoral artery, followed by femoro
popliteal vein bypass and synthetic graft bypass. 
In the literature, the intraoperative correction rate 
following angiography of femoral artery recon
structions is between 9% and 27%. After throm
boendarterectomy the lesions most often encoun
tered are more or less extensive intimal residues 
necessitating a correction. 

Control angiography after bypass operations 
should give information on the proximal and distal 
anastomosis, where intraoperative errors are most 
often discovered. Surgically induced peripheral 
embolisms are easily found by means of image in
tensification, using the preoperative angiogram for 
reference. 
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b) Electromagnetic Flow Measurement. The tech
nique of intraoperative electromagnetic flow mea
surement has been described earlier. Its value in 
assessing the success or failure of reconstructive 
procedures in different vascular regions will be 
reemphasized here [9, 19]. 

The flow rate following profunda patch angio
plasty in an inoperable femoral artery occlusion 
is 130 ml/min On average, according to our own 
investigations. The benefit of additional lumbar 
sympathectomy is evident from a 30% increase 
in blood flow (Fig. 8.9). The augmentation of 
blood flow starts immediately after resection of 
the sympathetic chain, as the figure shows. This 
increase is a result of a rise in peak diastolic flow, 
initiated by a drop in peripheral resistance within 
the profunda femoris circulation as a result of 
sympathectomy. The measurement of flow 
through the profunda femoris artery is especially 
important after iliac reconstruction in multiple 
two-level occlusions [1]. Mandatory measurement 
of the hyperemic reaction of the profunda femoris 
artery tests the response of the outflow tract. From 
an increase in peak and mean flow during hyper
emia, it is possible to predict the likely effect of 
lumbar sympathectomy. Circulatory improvement 
in an aortoprofundal synthetic bypass graft fol
lowing lumbar sympathectomy is shown in 
Fig. 8.10. Maximum hyperemia after sympathetic 
chain resection reaches 130 ml, with a steady level 
of 90 ml. This is an increase of about 50% with 
respect to a control value of 60 ml before sympa
thectomy. 

The importance of electromagnetic flow mea
surement in a vein graft and its typical functional 
characteristics have already been described earlier 
(see Fig. 8.6). We present here, calculated from our 
own data, the absolute values of the necessary min
imum flow rates. These rates depend upon outflow 
tract morphology as demonstrated in angiograms 
(Table 8.2). A predictive value for long-term pa
tency of a vein bypass is 300 ml/min in three patent 
lower leg arteries, 250 ml/min in two open arteries, 
and 150 ml/min in one open artery. 

The increase of flow during hyperemia (papa
verine, naphtydrofuryl, etc.) should be 200 ml in 
three arteries, 150 ml in two, and 100 ml in one 
artery. If these values are not reached during hy
peremia, early thrombosis of the reconstruction 
must be expected. In such a case intraoperative 
angiography might help discover technical errors 
at the anastomosis or outflow obstructions (intra
operative embolism). The absolute values listed 
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Fig. 8.9. Intraoperative flow measurement following ex
tensive profunda patch angioplasty before and during 
lumbar sympathectomy. After sympathetic trunk resec
tion (see arrow) a slow increase of mean flow from 100 
to 130 m1 is registered. Vasodilatation due to sympathec
tomy is indicated by the rise in diastolic flow during 
pulsatile curve registration (upper curve, righI-hand por
tion). A fall in peripheral resistance due to sympathecto
my is observed 
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Fig. 8.10. Intraoperative flow measurement following 
aortoprofunda synthetic bypass. Registration of in
creased flow within the profunda femoris circulation 
from 60 to over 130 to 90 ml, caused by peripheral vaso
dilatation after lumbar sympathectomy (LSE) 

Before, during, after LSE 
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Table 8.2. Flow values at rest (Flr) and during hyperemia 
(Flhyp) in a femoropopliteal vein bypass with respect to 
the patency of the outflow tract 

Patent lower leg arteries 

Three Two One 

FIr x±SD 306.7 ± 168.6 246.5±102.6 148.4±113.3 

Flhypx±SD 500.8 ± 203.4 407.0± 149.9 252.0± 154.3 

~ I s 

I sd 
n.s. 

s = significant (p < 0.05); n.s. = not significant (Student's 
test) 

also depend on the circulatory situation as a 
whole, the method of anesthesia, and intraopera
tive volume substitution. A critical bypass flow 
rate, which is always mentioned in the literature, 
cannot be generally defined without classifying the 
outflow tract in terms of patent lower leg arteries, 
as in Table 8.2 [2, 19]. 

Further methods of intraoperative control such 
as measurement of skin temperature, percutaneous 
oxygen measurement, and intraoperative ultrason
ic pressure measurement may also help estimate 
surgical success, especially during operations on 
the extremities. However, these controls cannot be 
used as absolute indicators of successful recon
struction since comparable quantitative values do 
not exist in the literature. 

c. Postoperative Assessment 

The aim of immediate postoperative control is to 
evaluate the anticipated circulatory improvement 
using clinical and technical methods. Preoperative 
findings with the same methods must be present 
for adequate judgement. According to KRlESS

MANN we differentiate between stage-dependent 
and stage-independent parameters [5]. In the ex
tremities, dynamic stages (i.e., postoperative con
version of clinical symptoms, stages II-IV accord
ing to the classification of FONTAINE) are a very 
simple and important check. 

Immediately after surgery the most impressive 
change in symptoms is the conversion from stage 
III to the painless stage II. A similar effect may 
be seen following operations on the extracranial 
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carotid artery. In these cases, initial quality control 
may be performed by a simple clinical neurologic 
examination. 

Stage-independent parameters are hemody
namic dimensions such as: 

1. Pressure 
2. Flow 
3. Volume 

These parameters are obtainable by noninvasive 
measuring techniques. 

Some arterial regions cannot be judged by non
invasive methods (visceral arteries, renal arteries, 
and in some instances the carotid artery). If there 
is clinical doubt that reconstruction has been suc
cessful, postoperative morphological control (an
giography) must be performed [5]. 

I. General 

Qualitative diagnostic measures: 
- Oscillometry 
- Rheography 
- Doppler ultrasonography 

Quantitative diagnostic measures: 
- Plethysmography 

(Doppler flow measurement) 

Morphological diagnostic measures: 
- Angiography 
- Ultrasonic imaging 

1. Doppler Ultrasonography 

The most widely applicable method of qualitative 
control, one that can be employed in virtually 
every region of the arterial system, is based on 
the Doppler ultrasonic technique [22, 25]. This is 
a special form of echo technology, involving the 
evaluation of echo signals whose frequency differs 
from that of the transmitter signals. The underly
ing principle is illustrated in Fig. 8.11. 

From a stationary transmitter, a strong ultra
sound beam is directed toward the solid blood 
components flowing within the blood vessel. The 
ultrasound waves traverse the vascular lumen with 
the velocity of sound c. The speed of the blood 
particles in the direction of the ultrasound waves 
is equivalent to Vi cos IX. The ultrasound waves 
are dispersed by the blood particles. When the re
ceiver, located in the Doppler probe, registers this 
dispersion, the receiving frequency of the backscat-
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Fig. 8.11. Doppler ultrasonography 

tered ultrasound wave demonstrates the character
istic Doppler shift. The sum of the intensities of 
all blood components within the ultrasound wave 
area result in a broad frequency spectrum, the 
Doppler signal. The Doppler effect with ultra
sound was used for the first time by SATOMURA 
to determine the direction of blood flow. The first 
clinical studies were reported by SUMMER, BAKER, 
and STRANDNESS. Since then, Doppler ultrasonog
raphy has become indispensable as a diagnostic 
tool in vascular disease. The Doppler instruments 
used for qualitative determination of blood flow 
operate at frequencies of 5-10 MHz. The measur
ing sensitivity of these devices is rather small be
cause the dispersion at the blood particles is lim
ited. This is why they can only be used in peripher
al vessels and have only a short depth of penetra
tion. The directional Doppler devices register the 
direction of blood flow and display it as a trace 
on an oscilliscope or recording device. One of the 
most important applications is the measurement 
of systolic blood pressure in the extremities by the 
cuff method. A blood pressure cuff proximal to 
the site of measurement is inflated above the level 
of systolic pressure. The systolic pressure value 
reached at the point where pulsatile blood flow 
recommences during slow reduction of cuff pres
sure can be detected by the Doppler probe, even 
after the audible pulse signals have vanished. Dis
tal to an arterial obliteration (e.g., femoral artery 
occlusion) systolic pressure is lowered significant
ly. The quotient between the registered Doppler 
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pressure value and systemic arterial blood pressure 
is a good estimate of the severity of flow obstruc
tion. The comparison between preoperative and 
postoperative quotients (Doppler index) is best 
suited to postoperative functional control follow
ing arterial reconstructions within extremities. 
However"for assessment of existing circulatory in
sufficiency in an extremity, it is certainly better 
to consider the absolute pressure values [15, 18, 
29]. 

Further detailed information on the use of 
Doppler ultrasonography in blood flow measure
ments, such as the pulsed Doppler flowmeter for 
determination of flow profiles and blood volume, 
and Doppler angiography, may be found in the 
literature. 

2. Plethysmography 

Venous outflow plethysmography consists of 
quantitative determination of flow parameters in 
extremities. Today strain-gauge plethysmography 
is mostly applied. Flow is measured quantitively 
in ml per 100 g tissue per minute. This flow mea
surement is performed at rest and under standard 
exercising conditions. Resting blood flow is in
fluenced regionally by different factors and is 
therefore not the decisive parameter in evaluating 
circulation. Instead, exercise flow, which is not 
measured as reactive hyperemia, but under stan
dardized exercising conditions up to 280 W Is, is 
better suited to this purpose. We have abandoned 
the measurement of reactive hyperemia because 
the occluding cuff necessary to provoke reactive 
hyperemia increases the risk of recurrent oblitera
tion of the reconstructed femoral artery. Provoca
tion is achieved by exercise with a pedal ergometer. 
An important point in using plethysmography as 
a method of postoperative quality control is that 
an individual reference value is obtained preopera
tively. According to our own investigations, a 
mean value of 25 ± 5 ml can be measured in the 
leg during exercise at 280 Wls [8, 10,29]. Oscillog
raphy and rheography cannot be discussed any 
further in this chapter. 

3. Control Angiography 

Presently, three methods are at our disposal: 

1. Conventional transarterial angiography [5, 6] 
2. Digital video subtraction angiography (DSA, 

DVI) [3, 23] 
3. Transvenous xeroarteriography [7] 
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Table 8.3. Indications for postoperative control angiog-
raphy (as proposed by VAN DONGEN) . 

Early postoperative period: 
Reocclusion 
Suspected malfunction of the reconstruction 
Suspected change of the outflow tract 
Suspected false aneurysm (postoperative bleeding 

infection) , 

Late postoperative period: 
Extension of a reocclusion 
Localization of a recurrent stenosis 
Obliteration of a parallel or dependent arterial segment 
Anastomotic aneurysm 
Aortoenteric fistula 

The technical bases of these diagnostic methods 
is given in more detail in the literature. 

The indications for postoperative control an
giography following arterial reconstructions are 
shown in Table 8.3, as proposed by VAN DONGEN 
[6]. Early postoperative angiography should be 
performed if clinical findings and noninvasive con
trol methods indicate signs of reocclusion or raise 
doubt as to the patency of the reconstructed vascu
lar segment. Control angiography during the late 
postoperative period should be performed if, fol
lowing initial symptomatic relief, ischemic compli
cations within the reconstructed area reoccur. 
Also, if during long-term follow-up with noninva
sive measuring techniques functional impairment 
is detected, control angiography is essential to de
termine the extent of a recurrent occlusion, on the 
one hand, and to localize recurrent stenosis, on 
the other. 
Although there are numerous noninvasive control 
methods for the evaluation of the postoperative 
hemodynamic situation in the extremities, possibil
ities for control following reconstructions of the 
visceral or renal arteries are limited. These should 
be inspected by angiography. The same should be 
done after reconstructions of the carotid artery 
if morphological changes at the site of endarterec
tomy are suspected. 

Thus, control angiography is indispensable in 
many postoperative situations. In many cases, it 
is very useful in finding errors which have been 
overlooked during surgery. Besides being an im
portant tool in the diagnosis and treatment of 
complications, it can be used to examine the mor
phological and functional state of a reconstruc
tion. Angiography is also a well-established meth
od of exact documentation and control during the 
follow-up period (VAN DONGEN). 
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n. Special 

1. Carotid Artery - Vertebral Artery 

Ultrasound imaging as well as angiography are 
of equal importance in the postoperative control 
of extracranial cerebral arteries [4, 7]. They should 
always be performed if intraoperative control is 
not possible and there is doubt that the reconstruc
tion is functioning properly. 

2. Supra-aortic Arterial Segments -
Subclavian Artery 

Aortic angiography is essential for control of su
pra-aortic arterial segments. It should always be 
performed for postoperative documentation [6]. 
Reconstructions of the subclavian artery can be 
inspected by control angiography or ultrasonic im
aging. 

3. Arteries of the Arm 

For routine control of the arteries of the upper 
extremity, the following are sufficient: separate 
pulse examinations on each side, blood pressure 
measurement according to Riva-Rocci, and 
Doppler ultrasonic pressure measurements in the 
forearm arteries. Of course, if there are factors 
which make control angiography necessary, this 
procedure should be performed prior to a second 
operation. 

4. Visceral and Renal Arteries 

Following reconstructions within both arterial sys
tems, postoperative control angiography is indis
pensable [6]. Although one can detect absent or 
reduced blood flow of the kidney with noninvasive 
techniques, such as renography and scintigraphy, 
true assessment of success or failure of a renal 
artery reconstruction is possible only by angiogra
phy. The same is true after reconstructions of 
visceral arteries. A constriction at the anastomosis 
of an aortomesenteric vein bypass graft can lead 
to thrombosis of the graft, which would not only 
endanger vital organs, but also the life of the pa
tient. Control angiography is always indicated 
after operations on the abdominal aorta in which 
visceral and renal arteries are also reconstructed. 
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5-. Aorta and Pelvic Arteries 

Quality control in these regions is not problematic 
and can easily be performed in the lower extremity. 
Noninvasive techniques, especially Doppler ultra
sonography and plethysmography, are available. 

6. Aortofemoral Occlusion 

a) Total Correction of the Aortofemoral Occlusion. 
Total correction of a two-level occlusion, using an 
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Fig. 8.12. Early hemodynamic results after total correc
tion of an ileofemoral occlusion. The Doppler index of 
the posterior tibial artery (Alp) and dorsalis pedis artery 
(Adp) and the plethysmographically measured resting 
flow (FIR) and exercise flow (FIB) are shown. Postopera
tive indices: Atp, 0.88; Adp, 0.80; resting flow, 5.3; exer
cise flow, 18.6 
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Fig. 8.13. Early hemodynamic results of postoperative 
quality control following common aortoprofunda syn
thetic bypass (for explanation of abbreviations see 
Fig. 8.12) 
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aortofemoral synthetic bypass graft for the obliter
ated upper segment and a femoropopliteal venous 
bypass graft for the lower arterial segment, shows 
excellent clinical and hemodynamic results during 
the early postoperative period (Fig. 8.12). 

The Doppler indices increase to 0.88 ± 0.11 in 
the posterior tibial artery and to 0.80 ± 0.1 0 in the 
dorsalis pedis artery. Exercise flow values mea
sured plethysmographically during pedalergom
etry increase to subnormal values of 18.6±2.4 mIl 
min. The values demonstrated here are representa
tive of patient groups that have undergone such 
operations. 

b) Aortoprofunda Reconstruction Excluding a Long 
Segment of the Profunda Femoris Artery. In 18 pa
tients with stage II and III symptoms, the follow
ing values were obtained (Fig. 8.13). The postoper
ative Doppler indices show an increase of more 
than 80% over preoperative values, to 0.48 and 
0.46 ± 0.16, respectively. Exercise flow rises about 
11 % to 9.7 ±3.0 ml/min. Symptomatic improve
ment from stage III to II may be expected. 

c) Aortoprofunda Synthetic Bypass Including a 
Long Segment of the Profunda Femoris Artery. In 
22 patients with stage III and IV symptoms, the 
following values were obtained (Fig. 8.14). (Direct 
comparison between both groups is not legitimate 
because the morphology of the outflow tract 
differs in each case.) The relative increase of blood 
flow after simple and extended profunda recon-
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Fig. 8.14. Early hemodynamic results of postoperative 
assessment following aortoprofunda synthetic bypass 
with extended long angioplasty at the profunda femoris 
artery. Significant increase of Doppler indices and ple
thysmographic exercise flows, in contrast to Fig. 8.13 
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struction is of special interest. The Doppler indices 
increase more than 100% to 0.47 and 0.42±0.16; 
exercise flow rises 108% to 6.5±2.56 ml/min. Sta
tistically, the aortoprofunda synthetic bypass with 
extended profunda revascularization clearly shows 
better results [8, 9]. 

If clinical stage improvement is not achieved 
and intraoperative control measures are not possi
ble or inconclusive, control angiography of the 
whole reconstructed segment is necessary. 

7. Femoropopliteocrural Reconstruction 

Noninvasive control methods are mainly em
ployed after procedures on the femoral artery. The 
results of Doppler ultrasound pressure measure
ment and plethysmographic flow measurement 
after long femoropopliteal vein bypass grafting are 
shown in Fig. 8.15 and correspond to the values 
reported in the literature. The postoperative 
Doppler indices are 0.88 and 0.87±0.16. Exercise 
flow increases to 16.6±2.2 ml/min. These hemo
dynamic parameters demonstrate the subnormali
zation of blood flow in successful femoropopliteal 
vein bypass grafting. 

If during the early postoperative period the ex
pected pressure values in the foot arteries are not 
reached, even though a positive pulse can be pal
pated over the open graft, a control angiogram 
is indicated. The morphology of the lower leg ar
teries enables the examiner to predict the prognosis 
of each individual reconstruction, provided that 
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Fig. 8.15. Early hemodynamic results of postoperative 
assessment following long femoropoliteal venous bypass 
grafting. Improvement of postoperative Doppler indices 
and plethysmographic exercise flows to subnormal 
values 
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the anastomosis is correct. The most important 
control measure after crural bypass operations is 
Doppler ultrasound pressure measurement. Ac
cording to our experience and reports in the litera
ture, the morphological state of lower leg arteries 
following crural reconstruction differs so much 
from case to case that no collective values repre
sentative of postoperative hemodynamic function 
can be determined. Each case must be evaluated 
separately. Nevertheless, angiography is indicated 
whenever there is doubt. The fate of the extremity 
depends on the quality of the reconstruction. 

Methods of intraoperative and postoperative 
control are summarized in Table 8.4. 

Table 8.4. Diagnosis and control measures in patients 
with occlusive arterial disease 

Preoperative measurement : 
Clinical symptoms, stages II- IV 

1 
Functional assessment (Doppler ultrasonography, 
plethysmography, others) 

1 
Morphological assessment (angiography) 

Intraoperative measurements : 
Functional assessment (pressure measurement, elec
tromagnetic flow measurement, Doppler ultrasonog
raphy, others) 

1 
Morphological assessment (intraoperative angiogra-
phy, Doppler ultrasound frequency analysis) 

Postoperative measurements : 
Clinical symptoms (change in stage) 

1 
Functional assessment (change of preoperative 
parameters) 

1 
Control angiography (if anticipated functional Im
provement is not achieved) 
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Vascular surgery is a specialty mainly based on 
clinical experience. Except for basic innovations 
like new vascular replacements development and 
progress rely on observations gained in everyday 
clinical practice. This information is then transmit
ted by surgeons' reports on their own therapeutic 
procedures and the results achieved through publi
cations in medical journals and presentation of 
papers at meetings and congresses. Such retrospec
tive reports depend on personal impressions and 
recollections and are seldom reflections on a broad 
base of facts. To avoid these pitfalls many medical 
investigaters have turned to prospective studies, 
this process was enhanced by the development of 
new statistical methods and improvement of com
puterized documentations systems. 

For the correct assessment of therapeutic proce
dures and their results, the following factors must 
be taken into account: indication, preoperative 
pathomorphological situation, composition of pa
tient groups, and the effects of these factors on 
immediate and long-term therapeutic results. In 
order to make comparisons between different insti
tutions, the data must be comparable, and this 
means that all concepts and definitions must corre
spond, that patient groups must be classified in 

an analogous manner, and that analysis must be 
consistent and statistically correct. 

Quality control has gained enormous impor
tance as a result of increasing public interest in 
the efficiency and effectiveness of medical treat
ment. But quality cannot be ensured without the 
careful collection and interpretation of data. 
Therefore, modern techniques of comprehensive 
documentation, complemented by appropriate sta
tistical analysis, are absolutely indispensable if the 
ever-growing demand for optimal health care is 
to be met. 

A. Methods of Documentation 

I. Historical Development 

The basis of documentation is the patient's case 
history, together with the medical findings. 
Especially important in vascular surgery is the pic
torial documentation of morphological changes 
(X-rays, computed tomography); this provides the 
most accurate description of the patient's preoper
ative condition and the postoperative results. 
While a small number of cases can be reviewed 
by case histories and pictures alone, other methods 
have to be used for continuous follow up and con
trol of larger patient groups. 

For better access to case histories, card-index 
systems have been devised which display diag
noses, operations, complications, and other de
tails. In some instances, they are still a useful meth
od for monitoring special patient groups. 

Since the introduction of electronic data pro
cessing systems and the simplification of their 
usage in everyday life, medical documentation has 
changed considerably. Owing to the complexity of 
scientific problems and clinical research, even 
small patient groups necessitate the use of elec
tronic data processing systems and adequate com
puter programs for statistical analysis. This pre
supposes, of course, that the importance of mod-
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ein data processing within the field of clinical med
icine is recognized and the proper equipment and 
personnel are available. It was in response to this 
rapidly developing need that a data processing 
center was founded at the medical school in Vien
na in 1967. 

The difficulties of systematization, definition, 
and quantification of medical data, as well as dif
ferences in technology and program languages 
have thus far prevented the broad-based standard
ization of medical documentation, despite the de
velopment of internationally accepted diagnostic 
and therapeutic codes (SNOMED, ICD) and sur
gery codes (VESKA in Switzerland, CHIDOS in 
Austria, the surgical therapeutic code according 
to Scheibe in the Federal Republic of Germany). 

ll. Methods of Documentation for the 
Systematic Study of Therapeutic Techniques 
and Their Effectiveness 

To a large extent, scientific progress in vascular 
surgery has come through observation alone fol
lowing the application of new techniques and ma
terials. For this reason retrospective studies have 
accounted for most of the literature in this field. 
However, the data were not always adequately an
alyzed; important information on the description 
of patient groups was often missing, and correct 
statistical analysis was not employed. Only pa
tients with nearly identical anatomic and function
al forms of occlusive arterial disease and, for each 
such group, only similar reconstructive procedures 
are comparable. It is well known that vascular re
constructions above and below the knee, and with
in the lower leg region, using autogenous vein 
grafts, are quite different and dependent on the 
clinical stage and the outflow tract conditions. In 
such cases, explicit detailed information on each 
patient is needed. One reason why the results re
ported by different authors on the same recon
structive procedure are so different may be that 
these facts have not been taken into consideration. 
In retrospective studies, there have been some at
tempts to achieve group comparability by stratifi
cation on the basis of risk factors. 

In the last years midterm follow-up documenta
tion (for about 1-5 years) has been increasingly 
applied for prospective studies in systematic obser
vation and control of the results of surgical and/or 
conservative therapy. 
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The first step that physicians and statisticians 
must take is to develop forms suitable for stan
dardized data processing and containing the de
sired variable information. The quality of data col
lection is important for successful analysis and 
processing later on. The input of data should not 
be time-consuming and can be done, in part, by 
nonmedical personnel. The forms should contain 
coded facts (e.g., type of operation), quantitative 
details (e.g. distal perfusion pressure), or standard
ized alphanumeric input spaces (e.g., patient's 
name and address). 

It is especially useful in the documentation of 
chronic diseases to divide the data into two 
groups: base-line and follow-up documentation. 
There are three ways of accomplishing the follow
up documentation: 

- Only the last follow-up data is kept and consid
ered during analysis. 

- Each time the patient is seen, an additional fol
low-up data form is stored as part of a continu
ous series. 

- At certain fixed time intervals (e.g., 3-month in
tervals), notes are made in specified spaces at 
each follow-up examination. 

The first alternative is usually chosen because of 
its practicality and simplicity. Sometimes the in
vestigator is interested only in assessing the pa
tient's condition within a certain time interval 
(e.g., the function of a vascular reconstruction). 
The second method of data registration gives addi
tional information on the patient's changes during 
the follow-up period, even if the patient is not 
seen at fixed time intervals. Precise and detailed 
follow-up analysis is necessary when using the 
third alternative. 

An administrative system is necessary to make 
sure that the patients are seen at regular intervals 
and are reminded to come to the follow-up exami
nations [35]. The software package SAS [31-34] 
is an integrated data processing system [38] for 
clinical studies or special documentation. Several 
functions are available: printing of tables and 
graphic presentations, lists of patients who did not 
come to the follow-up examinations, number of 
expected follow-up examinations within a month, 
printing of address labels or standardized letters, 
and on-line information may be obtained on each 
patient. Such processing of information in connec
tion with a study actually enhances the motivation 
of everyone involved. It is a continuous control 
and guarantees instantaneous statistical assess-
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ment of the patient groups. Besides SAS [38] there 
are other software packages available (e.g., SIR). 
With SAS and SIR, data analysis can be carried 
out using the high quality statistics packages 
BMDP [8] and SAS [31, 33]. Locally developed 
programs should be avoided in favor of interna
tionally available and recognized software pack
ages. 

The term "documentation" is inseparably 
linked to the concept of a rigorously organized 
data registration process. 

m. Computerized Documentation 
for Continuous Patient Observation 

The computerized registration of data on vascular 
surgery patients must meet some special require
ments. Since it is difficult to foresee what kind 
of information will be needed or what kinds of 
analyses will be carried out, the data must be ex
tensive, precise, and continuous. Such a store of 
data increases our ability to answer the basic ques
tion: which method of treating a certain vascular 
disease shows the best long-term results? The 
amount of work required to gather such vast 
amounts of data can be discouraging; this is offset, 
however, by the advantages of having continuous, 
reliable information for purposes of quality con
trol and scientific research. 

Continuous data registration of vascular opera
tions by electronic data processing systems can be 
organized in various ways, depending upon the 
particular mode of data entry, storage, and retrie
val. All details which might eventually constitute 
relevant information must be registered, but with
out creating an intolerable workload. 

There are many difficulties in defining patho
logic vascular processes. The same is true for a 
particular operation because it usually consists of 
a great number of combined surgical procedures. 
Early and late results can be defined according 
to objective (measurement data) and subjective 
(symptoms) criteria. A special feature of treatment 
in vascular surgery is that the same patient may 
have surgery on different parts of the body. The 
patient may also be treated several times at the 
same site, which makes data analysis rather con
fusing and separate assessment of differently ap
plied methods of treatment impossible. Trials with 
continuous computerized documentation of vascu
lar operations and their late results have been ini
tiated in only a few cases, e.g., the computerized 
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vascular registry of the Cleveland Vascular Society 
[26] in which the frequencies and early results of 
operations performed by 26 vascular surgeons are 
being evaluated. Another group [15] has described 
a program for micro- and minicomputers. In the 
last few years several vascular registries have been 
established for continuous patient monitoring [14, 
17,44]. The Austrian Society of Vascular Surgery 
has maintained a computerized registry on vascu
lar surgery at the Department of Surgery of the 
University of Vienna since 1970 [46]. 

1. The Electronic Data Processing System 
of the Austrian Society of Vascular Surgery 

In 1968, at the first Annual Convention of the 
newly founded Austrian Society of Vascular Sur
gery the creation of a joint registry for all vascular 
surgery centers in Austria was suggested. The aim 
was to find analogue criteria and definitions for 
the assessment of morphological changes, of vas
cular operations as well as their results. As a conse
quence the present system was developed in the 
years 1968-1970 and the joint registry started in 
1970 [46]. 

The system has been in use, almost unchanged, 
ever since. It focuses primarily on the operation 
itself and only secondarily on the patient. A four
page form is used in every vascular operation 
which contains information on the preoperative 
morphological situation, detailed surgical tech
nique, preoperative clinical assessment, and imme
diate postoperative results. A second form is used 
to evaluate the late results of each operation with 
regard to function and preservation of the extremi
ty. In the past, these data were entered into the 
computer by punched cards, since the end of 
1984 have been directly entered by visual display 
units. 

Until recently, many kinds of data were stored 
on magnetic tape in the form of BMDP files [8]. 
Since 1984, these data have been organized in an 
SAS file [31]. Each investigator has direct access 
to the data on each patient and each operative 
procedure on screen by using SAS-FSP software. 
The patient groups are analyzed statistically using 
BMDP [8] and SAS [31] commands. The SAS sys
tem makes it easier to analyze very complex data 
structures (e.g., follow-up periods). Beside these 
very well-known and widely used statistical pro
gram packages, Fortran programs [36] have been 
developed for special problems. Color graphics of 
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statistical results are available in the graphics 
package, SAS Graph [32]. 

To analyze an individual patient throughout the 
entire course of treatment, the same patient 
number is assigned to the patient in all follow-up 
operations. The data forms are filled out by the 
surgeon while dictating the operation report. This 
usually takes only a few minutes. Information on 
the COD is added to the form by the ward physi
cian. Follow-up forms are filled out during the 
patient's visits to the outpatient department. Com
puterized patient notification of routine follow-up 
medical examinations is an essential part of the 
clinical follow-up system Nasok [35]. When this 
information is stored, it is carefully examined to 
determine whether the entered data is complete, 
correct, and coherent for each case. If these re
quirements are not met, the forms are disregarded. 
A list of errors and a list of data within the file 
are printed. Finally, all the functions mentioned 
above are available to the data processing system. 
Information on deaths, together with the ICD
coded causes of death are sent annually from the 
Federal Data Center of Austria to the general med
ical data bank of the hospital and from there to 
the vascular registry. This not only helps in the 
statistical analysis of posttreatment survival rates, 
but also avoids sending notification of follow-up 
examinations to deceased patients. 

The vascular archives contain information on 
7047 operations performed on 4308 patients at the 
Surgical Depart I of the University of Vienna be
tween 1965 and 1987. The tables and figures from 
this chapter are derived from this data. 

B. Evaluation of Results 
of Vascular Operations 

The assessment of the effectiveness of vascular re
constructions has led to the development of graft
patency function curves, similar to survival curves, 
[43], which permit a statistical comparison be
tween different patient groups. Unlike prospective 
studies, comparability in retrospective studies is 
limited because the patient groups are not identical 
with respect to their disease and preoperative mor
phological situation. They have been deliberately 
selected and intentionally treated in different ways, 
according to their preoperative condition. There
fore, all publications should contain an exact defi-
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nition of the preoperative state of disease, a de
scription of therapeutic measures, and an assess
ment of surgical success. 

I. Influence of Preoperative Clinical Status 

1. Morphology 

The morphology of the outflow tract is a very im
portant factor influencing the effectiveness of a 
vascular reconstruction. Nevertheless, a uniform 
classification for the outflow tract has not been 
found. The classification according to the number 
of open or obliterated lower leg arteries (0/1/2/3) 
is often incorrect because the occlusions may be 
located within different portions of the distal part 
of the extremity, and high grade stenoses may have 
the same effect as an occlusion. In view of these 
problems, a criterion which may be used to differ
entiate between different patient groups is the per
centage of sudden, unmanageable occlusions. The 
morphology in the area of the reconstruction itself 
(good or bad vein, endarterectomies in the right 
or wrong layer) is also of prognostic value, but 
it is very difficult to classify. 

2. Preoperative Stage 

Like morphology, the clinical stage is an indication 
of the extent of arteriosclerotic disease and there
fore a very important factor in the prognosis. The 
clinical stage has considerable influence on all re
constructive procedures, less in operations within 
the pelvic area than for those in the periphery dis
tal to the inguinal ligament [47]. The patient's clin
ical stage is especially important when comparing 
different vascular procedures as the indications for 
the various surgical procedures differ greatly (Ta
ble 9.1). 

Table 9.1. Percentage of patients with stage III-IV dis
ease and a typical reconstruction within a segment of 
the femoral artery (1966-1987) 

Endarterectomy n=1280 41% 
Short vein graft n= 413 41% 
Long vein graft n= 375 55% 
Umbilical vein graft n= 163 58% 
Profundaplasty n= 596 66% 
Distal vein graft n= 266 74% 
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Fig. 9.1. Vein bypass graft reconstructions 1970-1975; 
influence of age (-69,60-) and sex on function (including 
immediate obliteration) as estimated by KAPLAN-MEIER 
[15] 
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3. Surgical Risk - Influence of Concomitant 
Illness, Age, and Sex 

The evaluation of individual surgical risk is diffi
cult. Schematization of degree of dysfunction of 
different organs has not yet been achieved, sat
isfactorally. Risk factors often remain unknown 
until early results on complication rate and lethal
ity are evaluated. In an individual case, the pa
tient's age may not play an important role. How
ever, patients of seventy and older have higher 
operative mortality and morbidity rates, due 
especially to cardiac and pulmonary complica
tions. This is only true for general medical compli
cations. Age does not have an influence on the 
frequency of local complications within the recon
structed area of the vessel during the early or late 
postoperative period [49, 50]. Likewise, there is 
no correlation between a patient's sex and late re
sults of reconstruction (Fig. 9.1). Finally, the am
putation rate must be included in the surgical risk. 

-- Young men (59 or younger) (n= 83) 
-- Young women (59 or younger) (n= 13) 
-.- Old men (60 or older) (n= 132) 
--- Old women (60 or older) (n= 30) 

Months 

II. Early and Late Results 

1. Immediate Reocclusion 

Immediate reocclusion is a common complication 
in vascular surgery, having great influence on the 
results. However, the rate of immediate reocclu
sion is not an absolute criterion of the quality of 
surgery at a vascular surgery center because it is 
largely dependent on the indication for surgery. 
This is why it is so important that reports on surgi
cal results give exact information on the immediate 
reocclusion rate. 

In some cases, successful correction of an im
mediate reocclusion is possible by reoperation. Pa
tients who experienced immediate reocclusion of 
their vessels and whose patency was successfully 
reestablished by a second operation do not have 
as good a prognosis as patients without these early 
complications. One can either put them into the 
group of primary successful reconstructions or 
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keep them separated. This should always be speci
fied. For better comparability it is advisable to 
put the primary successful reconstructions into a 
separate group and at the same time provide infor
mation on the outcome of patients with immediate 
reocclusions. 

2. Clinical Stage Conversion Due to Operation 

The aim of surgery is to relieve symptoms, and 
the establishment of a functional reconstruction 
usually produces such relief. In some cases, how
ever, improvement is not sufficient. Even if the 
reconstruction functions properly, sometimes the 
extremity must be amputated. This aspect must 
also be considered when assessing the effectiveness 
of an operation. 

3. Objective Assessment 
by Angiologic Measurements 

The only objective criteria of circulatory improve
ment are blood flow measurements; it is not 
enough merely to indicate whether a reconstruc
tion is patent or occluded. Registration of distal 
perfusion pressure or other methods of peripheral 
circulation measurement may be employed. It is 
important to be able to assess to what extent pe
ripheral circulation has been improved, and 
whether the occlusion itself has been relieved or 
not. 

4. Change of Clinical Stage Following 
Reocclusion - Possibilities of Reoperation 

A rather large number of patients must expect to 
experience a reocclusion in the long run. This oc
curs in about one third of all patients following 
femoropopliteal reconstructions. This means that 
in long-term follow-up assessment of reconstruc
tive techniques, a change in clinical stage following 
reocclusion and the possibility of repair must be 
considered. Among our patients, many who un
derwent femoral artery reconstruction followed by 
late reocclusion regressed to their preoperative 
clinical stage. However, in some cases, the symp
toms were slightly improved in comparison with 
the situation before the first vascular operation 
and some were in a worse clinical stage. If a reoc
clusion can be relieved by a second reconstructive 
procedure, the overall function of all reconstruc
tions is important for the fate of the extremity 
and is an essential criterion for evaluating surgical 
therapy. 
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5. Completeness of Follow-up Examinations 

Many authors deliberately refrain from reporting 
on the percentage of patients who have had follow
up examinations. Usually 10%-15% are not regu
larly assessed. Disregarding the missing informa
tion on patients who die long after vascular sur
gery (the mortality rate in vascular patients over 
a period of several years is between 30% and 
50%), the important question arises: are the re
sults more favorable or less favorable in patients 
who are not followed up? Are they: 

a) Patients who are without symptoms and for this 
reason do not go to the follow-up examina
tions, or 

b) Patients with recurrent occlusions who are not 
doing well, who are not interested in reopera
tion, or who have undergone amputation in an
other hospital and are therefore reluctant to re
establish contact with the original surgeon. 

A sample audit of these aspects would be necessary 
to clarify the situation. 

6. Walking Ability, Rehabilitation, 
Late Amputation 

Since vascular surgery is actually a form of symp
tomatic treatment, preference should therefore be 
given to the assessment of the improvement of 
symptoms such as the prolongation of walking dis
tance and disappearance of resting pain. The oper
ation should not generate any residual symptoms 
such as swelling, pain, and ulcers which could 
counteract the benefit of increased circulation. The 
percentage of amputated patients who have been 
rehabilitated and are able to walk using a prosthet
ic device following lower leg or upper leg amputa
tions should be specified. 

7. Additional Problems in Assessment 

The results reported by various authors for the 
same therapeutic procedure seem to differ consid
erably. Surely one reason for this is that the patient 
groups analyzed are much too small. Beyond this, 
it is to be expected that favorable results are more 
readily published than unfavorable ones. This 
leads to an overly optimistic view of results in the 
literature, especially in reports where new methods 
of treatment are compared. However, there are 
still additional explanations: 
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reconstruction; influence of stage (1, II or 
III, IV) and time periods of surgery (up to 
1970, 1971-1978, 1979-1987) on function 
without immediate reocclusion, as estimat
ed by KApLAN-MEIER [16] 
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a) Differences are only apparent, owing to dif
ferent indications for surgery, different time inter
vals in which surgical technique has improved, and 
a change in the composition of patient groups over 
different evaluation periods (Fig. 9.2). We were 
able to show for our own patients that, over the 
years, a considerable shift in the composition of 
the patient groups has taken place [49, 50]. More 
and more patients belonged to clinical stages IIl
IV and were older than 70 (currently 34%). There-

Months 

6G-69 years over 70 years 

o 
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Fig. 9.3. Graft-patency function curves of femoropopli
teal vein bypass grafts (n = 240) without immediate reoc
elusion, rearranged according to time intervals and clini
cal stages for three different age groups (59 or younger, 
60-69, 70 or older). A, up to 1970, stage II; B, -1970, 
stage III-IV; C, 1971-1978, stage II; D, 1971-1978, 
stages III to IV; E, 1979-1987, stage II; F, 1979-1987, 
stages III to IV 
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f6re, it is essential to consider the composition of 
the patient groups and to correct it by stratifica
tion (Fig. 9.3). 

b) On the other hand, results may actually 
differ. This may be due to qualitative differences 
in either operative technique or medical opinion. 
This happens even though most vascular opera
tions have been standardized and technical compe
tence at different vascular surgery centers is at the 
same level. Greater objectivity could be achieved 
by the increasing use of angiologic and radiologic 
assessment criteria. 

c. Statistical Evaluation 

I. Fundamentals 

Statistical reasoning is always supported by a 
model [42] which tries to describe reality by means 
of different elements and their relationships to one 
another. Whether or not a statistical description 
is adequate depends upon the model on which it 
is based. 

Furthermore, the extent of generalization of re
sults obtained by clinical and statistical analysis 
may be limited by preselection of patient groups 
according to either known or unknown factors 
[29] . 

Meaningful statistical statements are only pos
sible if correct and continuous data registration 
is guaranteed. 

The main objective of descriptive statistics is 
to reduce observation data to a few relevant vari
ables, tables, or graphs. In contrast, inductive sta
tistics tries to draw out inferences about incom
pletely assessed and related hypothetical back
ground populations on the basis of random sam
ples. Induction can be performed in two ways: 

1. By deriving an interval which covers a "true" 
parameter of the base population with a proba
bility of, e.g., 95% 

2. By employing statistical tests to judge whether 
or not a given null hypothesis (e.g., of no treat
ment effect) is compatible with a set of data 

If the probability (usually represented by the letter 
p) is very small and large deviations from the null 
hypothesis are detected, the alternative hypothesis 
is accepted in exchange for the null hypothesis. 
The alpha error is the probability p (or alpha) of 
falsely rejecting the null hypothesis. The beta error 
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is the probability, beta, of falsely keeping the null 
hypothesis. Differences in effectiveness of treat
ment regimens are confirmed by very small alpha 
values. Equal effectiveness or ineffectiveness of 
treatment regimens is confirmed by very small beta 
values. 

Statistical analyses can be used to confirm a 
preconceived idea, such as the testing of the main 
hypothesis in a therapy study, or they may be em
ployed in an exploratory way, which means that 
new hypotheses are postulated in the presence of 
small p values or recently discovered phenomena. 

A brief survey of inductive statistical methods 
follows. The methods are useful in confirmatory 
and exploratory analysis. 

II. Statistical Methods 

1. Assessment of Dichotomous Variables 

The relationship between two dichotomous quali
tative variables (e.g., immediate occlusion, sex) 
may be examined by the X2 test for contingency 
tables. Simultaneous testing of a relationship be
tween more than two variables requires long-linear 
models. To test the dependence of a dichotomous 
variable on an ordinal variable (e.g., age, pain in
tensity, laboratory parameters) the U test is ade
quate. To describe the dependence of a dichoto
mous variable as a function of several factors, lo
gistic regression is available. Relationships to 
dichotomous criteria are evaluated by percentages, 
medians, quantiles, and by pie, bar or block dia
grams (Fig. 9.4-9.6). 

Superior femoral a. 
28.27 % • 3677 

Neck 
6.23%=810 

Pelvis 
16.55 %.2152 

Aona 
5.93 % = 771 

Aortic branches 
0.95 % = 123 

Poplilea a. 
22.05 % _ 2867 

Fig. 9.4. Number of vascular operations III different 
body regions as depicted in a pie chart 
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Fig. 9.6. Dependence of lethality on age and cIinica 
stage at the time of vascular reconstructions (bar dia 
gram) 

2. The Assessment of Functional Longevity 
of Vascular Reconstructions 

At the time of analysis of a patient group, there 
are still patients alive with properly functioning 
vascular reconstructions. Therefore, special meth
ods [18, 38] must be employed to evaluate "cen
sored" (that is, not fully observable) variables. 
Survival and the distribution of possibly censored 
graft functions are described by life tables as sug
gested by STOKES et al. as early as 1960, or, more 
accurately, by Kaplan-Meier estimations [16]. 

In both cases the probability of survival and 
of patency of the revascularized vessel is described 
by means of a table or a graph as a function of 
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Fig. 9.7. Characterization of patient survival following 
vascular reconstructions within the pelvic region using 
(a) Kaplan-Meier estimation (- --), life table (-), (b) 
hazard function. The age distribution of these patients 
is described by the following quantiles: XO.l =47.4; 
Xo.2s=56.8; Xo.s=64.6; Xo .7s=70.7; Xo.9=75 .9. (A 
quantile Xp gives the value at which p percent o/a a 
distribution is equal or below) 

time which had passed since treatment or diagno
sis, The patient's risk of death or of occlusion of 
the reconstructed vessel in the years following sur
gery is described by hazard functions (Fig. 9.7). 
To examine differences between groups, several 
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'fable 9.2. Relative survival functions (standardization of mortality in a study group according to a control population) 

Interval (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 

Mortality table: 

Year 

1 to03 62 972.0 163 0.17 0.04 4.56 1.00 1.00 1.00 35.75 
2 778 48 754.0 61 0.08 0.04 2.01 0.83 0.97 0.86 30.40 
3 669 40 649.0 61 0.09 0.04 2.14 0.76 0.93 0.82 28.57 
4 568 40 548.0 37 0.07 0.05 1.40 0.69 0.90 0.77 26.39 
5 491 27 477.5 50 0.10 0.05 1.99 0.65 0.86 0.75 25.11 
6 414 15 406.5 26 0.06 0.06 1.11 0.58 0.82 0.70 23.33 
7 373 16 365.0 33 0.09 0.06 1.45 0.54 0.79 0.69 22.78 
8 324 23 312.5 21 0.07 0.07 0.99 0.49 0.75 0.66 21.15 
9 280 24 268.0 23 0.09 0.07 1.17 0.46 0.71 0.64 19.69 

10 233 21 222.5 23 0.10 0.08 1.29 0.42 0.68 0.62 17.78 
11 189 12 183.0 17 0.09 0.09 1.07 0.38 0.64 0.59 15.89 
12 160 12 154.0 13 0.08 0.09 0.90 0.34 0.60 0.57 14.47 
13 135 18 126.0 7 0.06 0.10 0.55 0.31 0.57 0.55 12.75 
14 110 13 103.5 6 0.06 0.11 0.53 0.30 0.53 0.55 11.28 
15 91 15 83.5 3 0.04 0.12 0.31 0.28 0.50 0.56 9.78 
16 73 22 62.0 2 0.03 0.13 0.26 0.27 0.47 0.58 7.82 
17 49 19 39.5 3 0.08 0.14 0.56 0.26 0.43 0.60 5.34 
18 27 20 17.0 2 0.12 0.15 0.81 0.24 0.40 0.60 2.48 

(1) Number of patients at the beginning of an interval 
(2) Number of patients" lost" during an interval 
(3) Number of patients exposed to a fatal risk during an interval 
(4) Number of patients who died during an interval 
(5) Relative risk of death during an interval: (4):(3) 
(6) Relative risk of death during an interval (control population) 
(7) Relative survival curve (5): (6) 
(8) Probability of survival until the beginning of an interval 
(9) Probability of survival until the beginning of an interval (control population) 

(10) Relative survival curve: (8): (9) 
(11) Number of expected deaths during an interval: (3):(6) 

Two-tailed (one-tailed) test examining differences in mortality rates between the study group and the control 
population: 

By equal weighting of time intervals: p = 0.0000 
By equal weighting of patients: p = 0.000 

Age- and sex-specific death rates for Austria in 1979 were used for calculations (Austrian Federal Bureau of 
Statistics 1980) 

tests are available such as those of MANTEL [24], 
BRESLOW [3], and GEHAN [10]. Mantel's test is 
more sensitive for evaluation of late results, where
as the other tests have a higher probability of dis
covering differences in early follow-up results. 

It is advisable to stratify heterogeneous patient 
data when using these tests in order to obtain unbi
ased and precise results. 

To analyze the dependence of censored vari
ables on ordinal variables, the tests of BROWN 
et al. [4], O'BRIAN [22], and SCHEMPER [40] are 
available. The influence of several variables on sur
vival and patency can be described as a mathemat
ical function according to Cox [5]. Applications 

of this model, however, require careful judgement 
of the constancy of relative risks over time for 
the variables included. 

In such analyses the duration of function, in
cluding immediate reocclusion, is registered and 
evaluated. This resembles the situation with which 
the patient is confronted. However, if the influence 
of therapeutic measures alone on the duration of 
function is studied, then it may be worthwhile to 
analyze long-term results, omitting immediate 
reocclusions. Relative survival curves [9] are avail
able (Table 9.2) for comparing mortality between 
patient study groups and normal populations with 
corresponding age and sex distributions. 
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Although the concepts of these methods are 
easy to understand and the vascular surgeon is 
able to interpret the results easily and quickly, 
some should be used only by a biostatistician [23], 
who can mobilize a wide range of experience for 
the correct interpretation of the results and who 
is familiar with the fine points of statistical induc
tion [19]. Furthermore, the biostatistician can pro
vide data processing by computerized systems and 
employ technical know-how and specialized pro
grams to solve particular problems which are not 
discussed here. 

ill. Clinical Studies 

Special statistical methods are available for clinical 
studies [28, 29, 45]. The most important functions 
of a statistician in clinical studies are: 

1. The calculation of necessary sample sizes in 
order to assess a defined difference in therapeu
tic effectiveness. 

2. Determination of the randomization proce
dures: The method chosen for random assign
ment of patients to the various therapy groups 
should compensate for unknown and disturb
ing effects and balance the group sizes as well 
as the prognostic factors over the therapy 
groups. The method of POCOCK and SIMON [27] 
has proven to be very useful, especially in its 
implementation by SCHEMPER [37] in an on-line 
computer program. 

3. Organization of the data acquisition process 
and of intermediate data analysis, which may 
lead to discontinuation of the study, are further 
duties of the statistician. He performs the main 
analysis and assists in interpreting and present
ing the results. 

A study report should outline the conditions under 
which the investigations were made. It should con
tain the following points: 

1. A description of all criteria used in recruiting 
patients for the study 

2. A description of organization and method of 
randomization in therapy studies 

3. Quantitative analysis of completeness of fol
low-up observations and a statement of reasons 
for loss of patients during the study 

4. Results of power analyses for the tests used 
5. Description of statistical methods employed 
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6. Quantification of the empirical basis (e.g., in 
follow-up studies, the number of patients who 
were observed for at least k time periods) 

This chapter should have demonstrated that the 
field of medical statistics deals only in part with 
arithmetical problems, but primarily with the logic 
of empirical science [12, 13, 18]. The following 
citation of MAINLAND [22] should reemphasize the 
important role of medical statistics: "Research 
workers' widespread lack of understanding of the 
rationale of statistical techniques, and the frequent 
use of statistical tests as a substitute for thoughtful 
investigational design, meticulous work, and repe
tition of experiments, justify the antagonism to 
statistics exhibited by some experiments. To one 
who has had personal experience of the way in 
which statistical thinking, as distinct from statisti
cal arithmetic, can promote good investigation, 
this perversion of statistics is lamentable. " 

The basic scientific and clinical questions in 
vascular surgery have not changed much in the 
last few years. The main points of interest are still 
the questions concerning indications for surgery, 
the application of more or less radical procedures, 
and the choice of reconstructive technique and ves
sel substitute. Further studies on operative risk, 
early and late results, and the possibility of limb 
preservation through a series of operations are 
necessary. In order to evaluate all relevant data, 
registration of vascular operations should be orga
nized on a national and international basis by em
ploying computerized data processing. At our in
stitution, favorable experience has already demon
strated the advantages of a computer-assisted doc
umentation system [20]. 
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A. Hemorrhage 

The time at which hemorrhage occurs points to 
the possible cause of bleeding. Bleeding in vascular 
surgery is classified into intraoperative, early post
operative, and late postoperative hemorrhage. For 
example, anastomotic false aneurysms and in
fected sutures are almost always causes of late 
postoperative bleeding (see pp. 167, 173). Pros
thetic defects may also be a cause. Compared with 
extensive operative procedures in general surgery, 
bleeding in vascular surgery must be expected to 
occur two to three times more often. Usually most 
of these complications appear during the intraop
erative or early postoperative period [11]. The 
causes can be classified into two groups: 

1. Technical errors 
2. Predisposing factors 

I. Technical Errors 

Technical errors leading to intraoperative or early 
postoperative hemorrhage must be separated into 
incorrect methods of tissue dissection and incor
rect suturing techniques. However, in some in
stances, technical errors may lead only to intraop
erative or early postoperative bleeding if pre
disposing factors such as clotting disorders or hy
pertension are present at the same time. 

1. Bleeding During Surgical Dissection 

This may occur if the dissection is too traumatic. 
The main causes are injuries to arterial tributaries 
and concomitant veins. Injuries of the larger arter
ies exposed occur less often. The choice of instru
ments used for dissection under and around the 
vessel is important. Instead of an Overholt clamp, 
instruments with less sharply pointed tips should 
be employed to dissect around the vessel. Umbili
cal tapes around certain vessels during various 
procedures, such as dissection of an abdominal 
aortic aneurysm, may be omitted. The separation 
of the artery from its concomitant vein may lead 
to bleeding if both vessels are densely adherent. 
Even if the surgeon is most careful in dissecting 
this area, tearing, especially of the venous wall, 
may occur [23]. The repair of such venous defects 
by suture is usually difficult and may lead to 
further tears of either vessel. In such situations, 
it is advisable to dissect the vein from the artery 
by first placing tapes around the artery proximal 
and distal to the site of the adhesion. The dissec
tion of both vessels in scar tissue during a second 
operation is especially difficult. In such a case, one 
should abandon the technique of blunt dissection 
and "carve" the vessels or prostheses out of the 
scarred tissue with a scalpel. 
Hemorrhage may also be caused during prepara
tion of a tissue tunnel in the inguinal region of 
popliteal fossa for an arterial bypass. Sponge
holding forceps or steel rods should be used only 
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after a tunnel has been prepared by blunt digital 
dissection. The only problem with this technique 
may arise if bidigital dissection is not carried out 
within the correct layer of tissue. 

Arterial wall lesions following the use of a ring 
stripper for disobliteration, with consecutive intra
operative or early postoperative bleeding episodes, 
are not always avoidable and are often not dis
covered immediately. The danger of perforation 
is high, especially in very extensively calcified ves
sels. In such cases it is better to choose a different 
procedure (see p. 381). 

Also, lesions caused by the application of a Fo
garty catheter are often not discovered immediate
ly. Hemorrhage occurring within the arteries of 
the lower leg following perforation or wall rupture 
can often be detected only by intraoperative con
trol angiography. As soon as such lesions are de
tected, immediate intervention must follow since 
obliteration of the vessel may occur, owing to an 
intimal tear or plaque dislocation. Although these 
complications are not totally avoidable, even if the 
greatest care is taken, one should not use a metal 
guide for primary introduction of the balloon 
catheter. The balloon should be inflated only with 
the appropriate syringe. Disposable plastic sy
ringes do not glide easily, and one cannot regulate 
inflation pressure of the balloon carefully enough. 
For this reason, glass and metal syringes should 
be used [3, 7]. 

2. Hemorrhage Due to Incorrect Suture 
Technique, Bleeding from Suture Holes 

Strictly speaking bleeding from suture holes is not 
really a complication. Maintaining secure com
pression with gauze for 5-10 min will stop it. One 
should not suture these leaks prematurely. An ad
ditional suture usually worsens the situation. If 
hemostasis is not achieved by long tamponade or 
by supplementary suture, the cause is often a clot
ting disorder. Only adequate substitution of clot
ting factors or neutralization of heparin can help 
in such cases. Even in normal cases coagulation 
problems may occur if platelet function has been 
impaired by preoperative administration of anti
platelet drugs. Such complications can only be pre
vented if medication is discontinued early enough 
before the operation. The chief symptom of such 
a clotting disturbance is the intraoperative occur
rence of capillary bleeding, necessitating the re
moval of a hematoma in a second procedure. In 
view of the wide application of antiplatelet drugs, 
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patients should always be asked preoperatively if 
they take such medication. Because of the pro
longed action of these drugs, the period between 
discontinuation of treatment and surgery must be 
long enough (3-7 days). 

3. Bleeding at the Anastomosis 

Bleeding at the anastomosis may occur intraopera
tively (e.g., after restoration of blood flow to the 
arterial vessels), as well as during the early post
operative period. It is almost always due to techni
cal errors made while completing the suture at the 
anastomosis. The commonest causes, usually rec
ognizable during surgery, are excessively large in
tervals between stitches or incongruent diameters 
of prosthesis and artery, leading to the formation 
of a false aneurysm. Supplementary sutures are 
necessary in cases where bleeding does not stop 
after 5-10 min compression. 

The same technical errors are the cause of hem
orrhaging during the early postoperative period. 
Arterial hypotension during surgery may disguise 
technical errors, and as soon as normo- or hyper
tension returns, bleeding may commence. One ex
ample would be the disruption of a thin, fragile 
vessel wall at the site of the anastomosis as tension 
increases on the suture during a rise in blood pres
sure. 

A very special and rare complication is the rup
ture of the suture line at the anastomosis in long 
bypass grafts spanning the knee joint. In such 
cases, an intraoperative check of the graft's mobil
ity should be performed by flexing and extending 
the knee. Otherwise, if the graft is too short or 
fixed at a certain point, moving the knee from 
a flexed to an extended position might cause severe 
injury [13]. 

II. Predisposing Factors 

Predisposing factors of uncontrollable intraopera
tive and early postoperative hemorrhage are the 
occurrence of postoperative hypertension in com
bination with technical errors and disorders of the 
coagulation system. Clotting disorders can be con
genital or acquired. Congenital clotting defects are 
unlikely in adult patients who have not had a his
tory of these disorders during previous operations. 
Examination of the coagulation system is abso
lutely necessary prior to vascular surgery. Usually 
routine laboratory examinations of prothrombin 
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time, partial thromboplastin time, thrombin time, 
and a platelet count will suffice. 

Intraoperative and early postoperative hemor
rhage due to a clotting disorder may be attributed 
to three causes: 

1. Excessively high dose of anticoagulants during 
and after surgery 

2. Dilution of clotting factors owing to transfu
sion of large amounts of old blood 

3. Disseminated intravascular coagulation result-
ing from shock, infection, and septicemia 

Following diagnosis of such disorders - if neces
sary, by separate examination of each single clot
ting factor - immediate substitution or neutraliza
tion must be performed in order to interrupt the 
bleeding and prevent the coagulation defect from 
developing any further [21]. 

ill. Risks of Hemorrhage in Specific 
Vascular Operation 

1. Surgery of the Carotid Artery 

Hemorrhage, usually occurring during the early 
postoperative period, is detected by a swelling of 
the neck or by increased drainage of blood from 
the operating area through a drain left near the 
site of the anastomosis. There are two reasons why 
early intervention, following immediate reintuba
tion, removal of the hematoma, and search for 
the cause of bleeding, is absolutely necessary: 

1. If the surgeon waits too long, the hematoma 
may increase to such an extent that the trachea 
is displaced, making intubation most difficult, 
if not impossible. 

2. If the hematoma is not removed, an infection 
is more likely to develop, and with it, the possi
bility of suture arrosion and uncontrollable 
hemorrhage. 

The main cause of hemorrhage is usually a leak 
at the site of arterial suture that was not detected 
during surgery under normotensive or hypotensive 
conditions. Hypertension, which develops in 10% 
of treated patients as they recover from anesthesia, 
leads to hemorrhage. Disruption of the suture is 
also more likely during these blood pressure 
changes [20]. A ligature may slip off the common 
facial vein which is usually divided during surgery. 
Coughing provokes the Valsalva maneuver, caus
ing venous pressure to rise above the systemic arte-

rial blood pressure level. The leak must be over
sewn, or the venous stump ligated again. 

To prevent wound infection, reintervention 
should result under perioperative antibiotic cover. 
Hematoma due to diffuse bleeding because of in
traoperative heparinization is rare; one always 
tries to reach a subtle hemostasis by neutralizing 
the heparin. However, antiplatelet drugs that have 
been discontinued too late may lead to diffuse 
hemorrhage in connection with heparinization, 
making control difficult during reintervention. In 
such cases sufficient drainage of the wound and 
a pressure bandage are often the only measures 
that can help. When the drainage tubes (Redon) 
are put in place during the primary or subsequent 
operations, they should not make direct contact 
with vein, artery, or anastomosis since the danger 
of mechanical injury is great. For the same reason, 
suction at the drains is as a rule out of the ques
tion. 

2. Surgery of the Subclavian 
and Vertebral Arteries 

Surgery of supra-aortic branches is performed pri
marily using a supraclavicular approach. Only in 
those cases where three supra-aortic branches are 
narrowed or occluded is a median sternotomy 
preferable for exposure of the aortic arch. Typical 
bleeding complications usually have their origin 
in technical difficulties or in unsatisfactory expo
sure of the surgical anatomy by the supraclavicular 
approach. Bleeding during supraclavicular dissec
tion of the arteries must be dealt with very careful
ly as the proximal unexposed portion of the artery 
is difficult to reach with surgical instruments. If 
there are problems controlling arterial hemor
rhage, the surgeon should not hesitate to obtain 
better exposure of the surgical area through a me
dian sternotomy. Only if the bleeding is uncon
trollable - and this is extremely rare - should divi
sion of the clavicle and suture of the proximal 
subclavian vein be considered. Reunion of the cla
vicle is achieved by internal fixation (s. p. 529 
[17]). 

3. Thoracic Aorta 

Bleeding following surgery of the thoracic aorta 
is much easier to diagnose than hemorrhage fol
lowing abdominal aortic surgery. Postoperative 
broadening of the mediastinum, constant blood 
loss over the thoracic drains, radiologic signs of 
a persisting hemothorax, together with a fall in 
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hemoglobin and hematocrit, make the diagnosis 
easier. Although it may be difficult to control 
bleeding of intercostal arteries and many other 
smaller mediastinal vessels intraoperatively, there 
remains a high risk of postoperative hemorrhag« 
from vessels which did not bleed during the opera
tion. Vertebrae which are eroded by the pulsation 
of an aneurysm can bleed intensively and compli
cate intraoperative control of bleeding. In such sit
uations, the surgeon has the following options for 
hemostasis: tamponade, suture, bone wax, infra- . 
red coagulation. However, a prerequisite is always 
an intact coagulation system, which must be 
checked intraoperatively by constant laboratory 
determinations of clotting values. The blood bank 
must be able to deliver the necessary blood units, 
clotting components, and, if necessary, warm 
blood. The probability that clotting disorders and 
not technical errors may lead to high blood losses 
from sutures and surrounding tissues is high. This 
risk is even higher if, in cases of rupture of the 
thoracic aorta, additional injuries, such as frac
tures or liver and spleen rupture, have led to mas
sive bleeding in other parts of the body. 

4. Abdominal Aorta 

Aortic hemorrhage may occur during the prepara
tion of an infrarenal abdominal aneurysm of the 
aorta. If immediate control of bleeding cannot be 
achieved by clamping the aorta at the typical in
frarenal site because of an impaired view of the 
operating area, the aorta should be quickly 
clamped directly below the diaphragm or above 
the renal arteries. Infrarenal occlusion is then pos
sible following further preparation of the area. 

Furthermore, pressing the aorta against the 
spine proximal to the rupture site, either by hand 
or with a large sponge, may prevent severe blood 
loss. The introduction of a balloon catheter into 
the aorta may also help to block the proximal in
flow tract (see p. 307). 

Clamping of the aorta through a separate thor
acotomy is also proposed. However, we do not 
recommend such an approach for the management 
of massive bleeding because it is too time-consum
ing. 

Dissection around the aneurysm itself should 
be performed only after clamping of the aorta 
proximal and distal to the aneurysm. Usually, it 
is not necessary to put rubber tubing around the 
proximal part of the aorta. This maneuver has a 
high risk of intraoperative hemorrhage due to tear-
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ing of larger lumbar arteries or veins. Dissection 
on both sides of the aorta is sufficient for place
ment of the clamp. Total occlusion of the aorta 
can be achieved by pressing the clamp against the 
spine. For the same reasons, a sling should not 
be passed around the iliac arteries. Anterior and 
lateral dissection of both arteries is adequate for 
proper clamping. This avoids venous hemorrhage 
from the iliac veins, which may be caused by dis
section between vein and artery. The risk is 
especially high in the area of the right common 
iliac artery, where the iliac vein is almost always 
tightly adherent to its back wall. If the vein does 
tear intraoperatively, it should be reconstructed 
by a continuous suture using 6-0 Prolene. In order 
to obtain a clear view of the operating site, free 
of blood, temporary slight pressure on the vein 
proximal and distal to the defect can be achieved 
using a larger sponge. The same can be done in 
tears of the inferior vena cava which is usually 
adherent to the aorta near the distal portion of 
the aneurysmal sac [18]. For replacement of the 
abdominal aorta, only highly porous graft materi
al should be used. In ruptured abdominal aortic 
aneurysms or following operations of the abdomi
nal aorta with great blood loss, woven prostheses 
with very fine pores are preferred. Preclotting can
not be performed under such circumstances be
cause a clotting disorder is present. Postoperative 
hemorrhage from the prosthesis owing to in
creased fibrinolysis is less likely. 

Early postoperative bleeding following opera
tions on the abdominal aorta differs from other 
bleeding complications in that prompt reinterven
tion is delayed owing to the difficulty of early diag
nosis. Inspection of the circumference of the abdo
men is not very helpful in the diagnosis of persist
ing hemorrhage. The patient's abdomen is often 
greatly distended postoperatively and the retroper
itoneal space has a large filling capacity. Great 
amounts of blood may be taken up by the retro
peritoneal space, resulting in tamponade of the 
bleeding site without a surgical intervention. For 
these reasons, many surgeons do not drain the ab
domen. However, in some cases, temporary drain
age of the abdomen for 2-3 days is recommended. 
The possible need for surgical reintervention can 
be assessed early enough from the amount of 
blood emitted by the drains. The time at which 
surgical intervention may become necessary de
pends upon the course of blood values (hemoglo
bin, hematocrit) and the amount of transfused 
blood. It is important that the surgeon who per-
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formed the first operation should evaluate the pa
tient's postoperative condition. 

5. Aortoiliac Vessels, Femoropopliteal 
Vessels 

Postoperative hemorrhage in iliac and femoropop
liteal vessel segments is easier to detect, its symp
toms being swelling, change of skin color, or in
creased and persistent bleeding through a drain. 
Usually technical errors occurring during suture 
or completion of the anastomosis are the cause. 
Sometimes ligatures may slip off small branches 
of a vein graft following restoration of blood flow. 
Reintervention is necessary, not for hemostasis, 
but to remove the hematoma, which has a high 
risk of becoming infected and may lead to early 
occlusion of the graft. 

Hemorrhage within lower leg arteries, which is 
detected intraoperatively by angiography and 
caused by perforation following embolectomy with 
a balloon catheter, should always be explored im
mediately. Otherwise, one must expect impairment 
of peripheral circulation by dissection. 

B. Immediate, Early, and Late 
Occlusions 

The time interval between vascular surgery and 
a postoperative occlusion is of great importance 
in finding the cause. Reocclusions can be classified 
as immediate, early, and late occlusions. Each of 
these complications must be treated differently. 

I. Immediate Occlusion 

An immediate occlusion is defined as an oblitera
tion occurring intraoperatively or postoperatively 
within the first 24 h. It is usually the result of an 
error in surgical technique or in patient selection. 
There are three technical errors that may lead to 
an immediate occlusion: 

1. Thrombosis or embolization of the peripheral 
outflow tract during the operation 

2. Obstruction of the peripheral outflow tract due 
to intimal dissection or dislocation of a plaque 

3. Narrowing of the inflow or outflow tract 

Conditions leading to a false indication for sur
gery: 

1. Inadequate outflow tract 
2. Inadequate influx 
3. Construction of a bypass circulation without 

an adequate pressure gradient 

n. Early Occlusion 

An early occlusion is defined as a postoperative 
obliteration occurring later than an immediate oc
clusion and within 1 year of the operation [23]. 

This type of occlusion may be caused by techni
cal errors or by a false indication for surgery. In 
such cases, the errors were not very serious and, 
owing to anticoagulant therapy, did not produce 
an immediate occlusion. The probability that such 
an occlusion is caused by the errors and not by 
the progression of the underlying arterial disease 
decreases with time following the first operation. 

m. Late Occlusion 

Occlusions occurring 1 year or more after the oper
ation are defined as late occlusions. Progression 
of the patient's underlying arterial disease and tis
sue changes within the collateral circulation are 
the most important causes. 

1. Diagnosis 

a) Immediate Occlusion 

An immediate occlusion must be suspected if, after 
restoration of blood flow, no pulse can be palpated 
in the periphery or the pulse is weaker than the 
one found on the contralateral side. An intraoper
ative angiogram quickly confirms the diagnosis. 
The cause of an immediate occlusion can be found 
and corrected during the same operation. It is not 
advisable to perform postoperative angiography 
if an immediate occlusion is suspected. Time lost 
in such a procedure prolongs the duration of isch
emia, promotes thrombosis, and increases risk by 
making additional anesthesia necessary. If intra
operative angiography is not possible, e.g., follow
ing reconstruction of supra-aortic branches, diag
nosis of an immediate occlusion is confirmed by 
perturbation and flow measurement [19]. 

b) Early and Late Occlusions 

Diagnostic measures employed to detect early and 
late occlusions are the same as those used for pri-
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mary assessment of occlusive arterial disease. An
giography is absolutely necessary for exact diagno
sis and localization. Only then is adequate surgical 
therapy possible. The entire length of the arterial 
segment should be visualized proximal and distal 
to the site of primary surgical intervention. 

2. Occlusion Following Special Surgical 
Procedures 

a) Supra-aortic Branches, Cerebral Arteries 

The most common ischemic complications follow
ing procedures on the carotid artery are due to 
technical difficulties or errors resulting in throm
bosis or embolism. 

The dislodging of thrombotic or plaque materi
al may be avoided by careful dissection around 
the carotid artery. Therefore, it is recommended 
that one dissects the internal and external carotid 
artery only after placing an umbilical tape around 
the common carotid artery and cross-clamping it. 
Only soft vascular clamps should be used for this 
purpose. Injury to the vascular wall, especially that 
of the internal carotid artery, promotes the devel
opment of a late stenosis. If an intraluminal shunt 
is introduced, embolization and dissection must 
be avoided. After removal of the stenosing plaque, 
no flap should remain at the distal edge of the 
intima. 

If such a step is discovered, it must be fixed 
by a suture (see p. 469) [12]. After endarterectomy 
and closure of the arteriotomy, no hint of the now 
thin elastic wall of the carotid artery should be 
observed and the elongated segment must be re
sected or shortened by plication. Direct suture of 
the arteriotomy always carries the risk of creating 
a hemodynamically unfavorable reconstruction. 
Therefore, the arteriotomy is usually closed by 
vein patch angioplasty. A neurologic deficit devel
oping during the early postoperative period can, 
but does not have to be, the first sign of an imme
diate occlusion. 

Slight temporary aggravation of a preoperative 
neurologic deficit following surgery usually im
proves spontaneously and is therefore not an indi
cation for reoperation. However, if a new large 
neurologic deficit develops postoperatively one 
must suspect an immediate occlusion. The most 
common cause of cerebral ischemia is acute throm
bosis at the site of endarterectomy, even though 
in most cases no cause can be found by arteriogra
phy or during reoperation. Patients who are unre
markable neurologically following the operation 
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and then develop a progressive neurologic deficit 
should be reexplored immediately without pre
vious angiography. Interrupted cerebral blood 
flow should be restored as fast as possible before 
cerebral colliquation and permanent brain damage 
develop. 

A hemorrhagic infarct can be avoided by timely 
reintervention. If reoperation is postponed longer 
than 2 h after the development of neurologic 
symptoms, the risk is as high as in surgery of stage 
III cerebral vascular insufficiency. Reexploration 
of the operating area, opening of the angioplasty, 
and removal of the thrombotic material are indi
cated. If necessary, a Fogarty catheter may be used 
(see p. 474). 

Thrombosis is almost always due to the techni
cal errors mentioned earlier [23]. 

Late Occlusions and Stenoses (see p.475). These 
are diagnosed by the same criteria as primary cere
bral vascular disease. The surgical procedures do 
not differ from those performed during the prima
ry operation. 

b) Arteries of the Aortic Arch 

Immediate and Early Occlusions. When major 
branches of the aortic arch are disobliterated, all 
parts of the thrombus must be completely re
moved. This prevents cerebral embolism following 
restoration of blood flow to these vessels. Post
operative cerebral and brachial ischemia almost 
always signify embolization. 

Late Occlusions and Stenoses. Ischemia developing 
later may indicate recurrent stenoses caused by 
progression of the patient's underlying disease or 
by scar tissue formation. Before repeating the op
eration, the stenosis should be confirmed by an
giography. If reintervention is necessary, prosthet
ic bypass between the supra-aortic branches is 
preferable. Thromboendarterectomy and angio~ 

plasty are often technically too difficult to perform 
a second time (see p. 508). 

c) Thoracic Aorta 

Immediate and Early Occlusion. Following opera
tions on thoracic aortic aneurysms of arterioscle
rotic or syphilitic origin, immediate postoperative 
occlusions are very rarely seen. The causes are usu
ally intra-aneurysmal thrombi or dislocated ather
omatous debris of an ulcerated plaque which have 
become dislodged and have entered peripheral ar
teries. Embolism of mesenteric arteries may lead 
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to impaired perfusion of intra-abdominal organs, 
and ultimately to intestinal gangrene. This compli
cation is rarely noticed postoperatively because 
most patients have severe signs of decreased perfu
sion of intestinal organs after surgery. By contrast, 
thrombosis and embolism of the lower extremity 
are diagnosed sooner and treated by simple 
thrombectomy or early postoperative embolec
tomy. In these cases, conventional angiography (if 
necessary, by using the transaxillary approach to 
prevent injury of the anastomosis) should be per
formed to confirm the diagnosis. 

Late Complications. Following the removal of a 
thoracic aneurysm and its replacement by a pros
thesis, late complications such as stenosis and oc
clusions are not to be expected. Remnant stenoses 
are only seen following operations on a coarcta
tion of the aorta. They are almost always a result 
of inadequate resection of the stenotic aortic seg
ment owing to insufficient mobilization of the 
proximal and distal ends of the aorta used for 
anastomosis. If reoperation is necessary because 
of stenosis, repeated resection may be technically 
difficult owing to scar tissue formation in the vicin
ity of the anastomosis or extreme dilatation of the 
intercostal arteries. In such cases, a prosthetic by
pass between the left subclavian artery and the 
descending aorta is the procedure of choice [4]. 

Intestinal symptoms such as abdominal pain, 
as in abdominal claudication, may appear during 
persistent postoperative arterial hypertension fol
lowing successful operation of aortic coarctation. 
Medical treatment of high blood pressure will alle
viate intestinal symptoms. If antihypertensive ther
apy is not successful, postoperative arteritis of the 
intestinal vessels may develop. This can lead to 
intestinal infarction. An emergency procedure may 
be indicated [10, 15, 16]. 

d) Renal Arteries (see p. 624) 

Immediate and Early Occlusions. Immediate and 
early occlusions following procedures on the renal 
arteries are almost always a result of technical er
rors during the operation. Following transaortic 
thromboendarterectomy of the origin of the renal 
artery and after distal thromboendarterectomy 
combined with bypass grafting between the aorta 
and this artery, a loose intimal flap may lead to 
immediate occlusion. In a transaortic approach, 
the probability of not discovering this dissection 
intraoperatively is much higher. Intraoperative an
giography may exclude this complication. Kinks 

in aortorenal bypass grafts appear after restora
tion of blood flow. Once detected, they should be 
removed by shortening the bypass or by reimplan
tation. Twisted and short grafts that are kinked 
by light traction on the distal end of the renal 
artery should be treated in the same manner. 

Late Occlusions. The main causes oflate complica
tions are thrombosis of the graft and stenosis at 
the suture line. They occur if the angle at the pe
ripheral and central anastomosis is too large. This 
creates turbulence at the anastomoses, leading to 
thrombosis. Stenoses at the suture line are caused 
by discrepancies in the caliber of the vessels. These 
complications can be relieved only by renewed 
anastomosis or patch angioplasty [8]. 

e) Abdominal Aorta and Aortoiliac Arteries 

Immediate and Early Occlusions. Immediate and 
early occlusions following procedures on the ab
dominal aorta and iliac arteries are almost always 
due to poor patient selection or to technical errors. 
They are more easily avoided in elective proce
dures involving preoperative angiography of pre
and poststenotic vessels than in emergency proce
dures, e.g., surgical treatment of a penetrating or 
perforating abdominal aneurysm. Measures to 
prevent an immediate or early occlusion comply 
with the generally accepted rules of vascular sur
gery. While keeping the aorta clamped, care must 
be taken not to dislodge thrombi into inadequately 
perfused peripheral arteries during distal flushing 
with heparin (see elsewhere). Back bleeding from 
distal arteries shortly before completing the aorto
iliac anastomosis does not prove the absence of 
distal thrombosis or embolisms. Treatment of 
choice is thrombectomy through the common fem
oral artery using a Fogarty catheter. Dissections 
during open endarterectomy or at the suture line 
can be avoided by careful surgical technique. In 
emergency operations without previous arteriogra
phy of the peripheral outflow tract, immediate and 
early occlusions may occur if the arterial run-off 
is inadequate. The same situation may be encoun
tered in elective procedures, where correct identifi
cation of vessel obstruction is not possible owing 
to insufficient angiographic visualization or under
estimation of lesions. The only alternative is to 
remove the obstructions or extend the bypass 
grafts beyond the distal obstruction site. The cause 
of such a complication is usually not diagnosed 
until after surgery. Ifpossible, confirmation by in
traoperative angiograp~y should be obtained and 
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oorrection undertaken immediately before adher
ent thrombi unnecessarily complicate reoperation. 
Both inguinal regions, including the "healthy" 
side, should always be prepared for surgery since 
thrombotic material on the diseased side may dis
lodge and travel to the other side. Usually, techni
cal errors during completion of the distal anasto
mosis are the cause of narrowing at the suture 
line or kinks in overlong prostheses, leading to 
a reduction of blood flow. Both may result in an 
immediate occlusion. 

Late Occlusions. Late occlusions following aorto
iliac reconstructions rarely cause acute symptoms 
of occlusive arterial disease. Immediate reinterven
tion is usually not necessary. There is enough time 
for adequate diagnostic procedures. Only if the 
cause of reocclusion is found by arteriography is 
adequate and successful reintervention possible. 
Just as in reconstructions of other vascular regions 
the causes of recurrent thrombosis within the aor
toiliac segment are numerous and vary greatly. 
They differ only qualitatively from factors leading 
to early occlusion. Surgical reintervention depends 
on the following circumstances: 

1. The nature of the original operative procedure 
(endarterectomy, bypass grafting) 

2. The potential inflow and outflow tracts for a 
new bypass graft 

3. Difficulties in reexposing the occluded vessel 
segment 

4. Risk of reintervention 

Following primary thromboendarterectomy of the 
iliac arteries (open, semiclosed, or closed), a sec
ond thromboendarterectomy of the same segment 
is not indicated. Generally, surgical repair should 
be a bypass graft anastomosis bridging the pre
viously reconstructed area [5, 6]. The same method 
of treatment should also be employed following 
occlusions of primary bypass grafts, independent 
of their synthetic material. In most cases thrombo
sis starts at the distal anastomosis, continuing up
ward through the entire limb of the prosthesis. 
Correction of the anastomosis with subsequent 
thrombectomy of the prosthesis alone rarely suf
fices and does not lead to long-term patency. 
Therefore, bypassing the distal anastomosis with 
an autogenous vein (if necessary, taken from the 
contralateral leg) is the method of choice. If graft
ing is necessary to span several joints, different 
graft materials should be combined, e.g., Dacron 
or PTFE prostheses to bypass the thigh, or vein 
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grafts to bridge the knee joint. Additional stenoses 
within the outflow tract should also be corrected 
during the same session. 

Repair is performed as follows. First the distal 
side of the prosthesis is shortened, then thrombec
tomy is performed. The prosthesis is then length
ened with appropriate material and reconnected 
to the host artery more distally. In some cases, 
rerouting the arterial graft must be considered (see 
p. 539). In high risk patients and in cases of unilat
eral occlusion of the iliac artery, rerouting of the 
arterial graft is possible by femorofemoral or axil
lofemoral bypass grafting [1, 22]. 

f) Femoropopliteal and Crural Segment 

Occlusions of this arterial segment have the same 
causes as previously described for other vascular 
regions. Technical errors, wrong assessment of the 
run-off capacity, and progression of the patient's 
underlying occlusive disease are common causes. 
The femoropopliteal and crural arteries are rela
tively small for the connection of a bypass graft. 
Thus, the surgeon is more likely to overestimate 
the run-off capacity. Control of surgical recon
struction can be gained by intraoperative angiog
raphy. If the host artery exhibits stenoses distal 
to the anastomosis, the bypass graft must be ex
tended beyond them. Autogenous vein grafts 
(from the contralateral leg) should be preferred, 
especially if joint-crossing reconstructions are per
formed. Soft PTFE prostheses with annular rein
forcement are only a second choice. 

If the autogenous material is not long enough 
to construct a bypass extending beyond the knee, 
a composite graft consisting of a synthetic prosthe
sis and an autogenous vein may be used. In such 
cases, the knee joint itself should be bridged by 
a venous graft. 

Another alternative is a sequential bypass. A 
synthetic prosthesis is used to construct a bypass 
extending from the groin to a (disobliterated) seg
ment of the superficial femoral artery proximal 
to the knee. A second bypass is constructed using 
an autogenous vein graft that extends from the 
superficial femoral artery past the knee to the pop
liteal artery [6]. 

For the prevention of early and late occlusion 
it is essential that the vein be handled with care 
and that there be no stenosing ligatures of its 
branches or any twisting of its long axis during 
implantation. As in reocclusions within the aorto
iliac segment, treatment of recurrent obstruction 
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following bypass grafting of the femoropopliteal 
or crural segment should consist of extending the 
bypass and connecting it further distally to a suit
able lower leg artery. If angiography prior to re
operation shows insufficient run-off in the distal 
portions of the grafted artery, a recurrent occlu
sion may be prevented by constructing a distal 
arterial venous fistula in order to increase blood 
flow to the graft [14]. 

If reocclusion following reconstruction of the 
femoropopliteal and crural arteries cannot be re
lieved, profunda angioplasty can improve the cir
culation in the extremity [2]. 
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Postoperative infections are a typical complication 
in surgery. In vascular surgery they are of special 
importance because of the serious sequelae which 
are possible. They may endanger the extremity in
volved and even the life of the patient. Their out
come cannot always be predicted, even in the 
hands of an experienced vascular surgeon. 

In contrast to general surgery, superficial infec
tions in vascular surgery more often spread into 
deeper layers of tissue. A protective tissue layer 
between the reconstructed vessel and the subcuta
neous region or intestine is important to keep su
perficial infections localized (e.g., skin infections 
which are most commonly observed in the groin). 
The interposition of retroperitoneal tissue or 
omentum, e.g., between an implanted aortic pros
thesis and the duodenum or small intestine, is al
ready an important step towards the prevention 
of an aortoenteric fistula. Alternating incisions are 
preferred, shielding the surgical area [6]. 

The groin is the most common site of infection, 
with superficial and deep infections occurring in 

a ratio of about 2 or 3: 1. This demonstrates the 
necessity of performing meticulous, layer by layer 
dissection. The vascular bed is only a short dis
tance away from the skin. A transverse skin inci
sion inhibits the spread of an infection from the 
outside. 

Superficial infections not related to the vascular 
reconstruction are treated by the usual principles 
of surgical therapy. Deep infections are much 
more difficult to treat and must be discussed sepa
rately. The frequency of infection in synthetic im
plants of the aorta and its branches without pro
phylactic administration of antibiotics ranges from 
1.34% to 6%. 

B. Prophylaxis 

The greater the risk of infection in a vascular surgi
cal procedure, the greater the importance of pre
ventive measures is. Anemia, hypovolemia, hypox
ia, diabetes mellitus, obesity, poor nutritional sta
tus, cortisone therapy, intercurrent infections, etc. 
are risk factors for infection [4]. For example, 19% 
of all synthetic shunts constructed for dialysis of 
patients suffering from chronic uremia became in
fected. Local measures consist of thorough skin 
disinfection and strict observance of asepsis by the 
operating team and within the operative area. Ex
tensive preoperative invasive diagnostic proce
dures within the operative area, especially the 
groin, should be avoided. The prevention of post
operative hematoma, lymphatic fistula, and skin 
necroses (see the chapter on bone and joint sur
gery, heart surgery, etc.) is equally important. 

It is difficult to establish whether localized la
tent infections in peripheral necroses of stage IV 
occlusive arterial disease play a statistically rele
vant role in the development of severe infections 
within the inguinal region. Local inflammation 
and ascending lymphangitis or lymphadenitis 
found in the advanced stages of vascular disease 



10.2 Infections in Vascular Surgery 

are potential sources of proximal infection. These 
should be treated at least preoperatively and basic 
prophylactic measures undertaken. 

One type of prophylaxis is the construction of 
a distal synthetic graft anastomosis above rather 
than below the inguinal ligament to prevent infec
tion at the groin. This region is most prone to 
infection. The first basic method of prophylaxis 
is systemic administration of antibiotics. During 
the last few years, the first randomized studies in 
vascular surgery have shown the actual, positive 
effect of antibiotic prophylaxis [12, 13]. It has been 
demonstrated that perioperative administration 
shortly before and during the operation, with 
treatment continuing for 2-3 days postoperatively, 
guaranteed full effectiveness, which is not in
creased significantly by supplementary local appli
cation of antibiotics [12]. The dominance of sta
phylococcus and the presence of gram-negative 
bacteria (especially in the inguinal region) would 
seem to call for the administration of broad spec
trum antibiotics [2]. 

Although local antibiotic prophylaxis alone 
also exhibited a positive effect [12], systemic ad
ministration of antibiotics is preferable, especially 
in the case of synthetic implants, where bacterial 
contamination occurs during tunneling. In most 
cases contamination occurs at the time of grafting 
[4]. Late infections are spread mainly via the 
bloodstream. The effectiveness of systemic, intra
venous antibiotic administration in the prevention 
of local infection has been studied by comparing 
serum antibiotic levels with local levels found in 
wound secretions [11]. Results show that the maxi
mum antibacterial effect can be expected during 
the first few hours after application [15]; however, 
it is directly dependent upon the local blood circu
lation, the type of tissue, and the type of antibiotic 
given. Local ischemia has considerable influence 
on local levels of antibiotic in wound secretions. 
Whether or not the different adherence of bacteria 
to different prosthetic materials is clinically rele
vant remains unanswered. There are, however, re
ports on the accumulation of antibiotics in the 
aortic wall [11]. 

Another step toward prophylaxis of local infec
tions is the commercial availability of vascular 
prostheses with local antibiotic bonding. Experi
mental studies have demonstrated that such grafts 
have considerable resistance to infection. 
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C. Diagnosis 

Superficial infection at the incision site is accom
panied by redness and swelling. To determine 
whether or not the infection has spread to the aor
ta or the pelvic arteries, diagnostic measures must 
be employed. Infection may occur at any time dur
ing the postoperative period. In an analysis of 128 
cases infection appeared 7 months after surgery, 
on average. The longest time interval observed was 
7 years 3 months. 

The discovery of a fistula in the inguinal region 
is certainly a clear indication of chronic infection, 
especially where synthetic materials have been 
used. Fistulography usually permits the demon
stration of a deep infection around the prosthesis. 

Besides clinical signs such as pain, fever, high 
white blood cell count, increased ESR etc., the 
demonstration of air or fluid accumulation around 
the prosthesis by sonography or computed tomog
raphy, an enlarged renal pelvis in the intravenous 
pyelogram, an undiscernible psoas shadow, or a 
localized distension at the anastomosis signaling 
imminent rupture in the angiogram may lead one 
to assume that local infection is present. Especially 
helpful in diagnosis is a scan using 111 In-labeled 
granulocytes, which in the hands of an experienced 
radiologist is a very accurate method of localizing 
a deep infection. Although diagnostic puncture of 
the region may be negative in some cases, surgical 
exposure of the suspected area is the ultimate, to
tally reliable method for safely excluding infection. 

D. Complications of Infection 

Early complications of local infection are local 
abscess formation, hemorrhage, thrombosis, and 
septicemia. A late complication is false aneurysm 
developing from septic suture insufficiency [8]. 

An abscess with or without connection to the 
reconstruction site can be treated by the basic prin
ciples of septic surgery so long as hemorrhage does 
not occur. 

Acute suture insufficiency with increasing swell
ing and hemorrhage (as in the case of false aneu
rysms) is the most severe acute complication and 
should be treated as early as possible. Angiogra
phy performed early enough may yield valuable 
information. If thrombosis occurs in infected pros-
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theses, the danger of bacteremia is great since the 
contaminated thrombi are an excellent nutritive 
medium. In such cases, radical excision of the graft 
is necessary. 

Septicemia, the final stage after systemic spread 
of local infection, seriously endangers the patient's 
life. The aim is to prevent and successfully treat 
this state by local revision. This puts high demands 
on the training and experience of the vascular sur
geon. 

It should be pointed out that endogenous infec
tions of synthetic prostheses are always possible 
and can never be excluded as long as pseudointima 
has formed within the prosthesis. Thus, the patient 
with an arterial prosthesis must always watch out 
for infection, even long after surgery, and should 
consult the vascular surgeon immediately if it oc
curs. However, a complete uniform growth of 
pseudointima protects the prosthesis against he
matogenic infections to some degree. 

Perforations of hollow organs are rare. Of all 
complications, secondary aortoduodenal or aor
tointestinal fistula, with hemorrhage inside the 
gastrointestinal tract, are the most dreaded in local 
infection. They have a high mortality rate (71 %), 
and repair of the fistula and replacement of the 
aorta do not necessarily lead to healing of the le
sion in all cases. There are several predisposing 
factors for the development of a secondary fistula: 
reoperations, inadequate closure of the retroperi
toneal tissue over the synthetic prosthesis, false 
aneurysms, renal infarcts with septicemia, and 
others. Yet, one of the most important causes is 
probably local infection. Some 75% of fistulas are 
located within reach of upper gastrointestinal en
doscopy, which is therefore the most important 
diagnostic method to confirm bleeding. Aortogra
phy, usually performed in patients with negative 
endoscopic results, may additionally discover a 
false aneurysm. Each aortic anastomosis must be 
covered with enough connective tissue, if possible 
in two layers, to separate the aorta from the duo
denum and proximal jejunum. 

E. General Therapy 

General measures, such as the administration of 
antibiotics following antibiotic sensitivity testing 
(to determine resistent bacteria and other patho
gens), are always undertaken in apparent surgical 
infection. Systemic antibiotic therapy can rarely 
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be administered alone without additional local 
treatment of the infected area. Local therapy has 
priority over systemic therapy, which is only capa
ble of preventing the spread of local infection or 
additionally combating bacteremia and sepsis. 

F. Local Surgical Treatment 

The success of local surgical treatment depends 
on the localization of the infection, secondary 
complications due to recurrent hemorrhage, the 
type of primary reconstruction, the number of an
astomoses, the patient's general condition, and the 
experience of the vascular surgeon. 

The surgeon must consider several factors when 
deciding upon surgical repair: the site of the infec
tion (anastomosis or entire prosthesis), virulence, 
possible bacterial invasion of the pseudointima. 
For example, hemorrhage caused by infection and 
leading to severe deterioration of the patient's gen
eral condition makes immediate intervention nec
essary. The patient's general condition also influ
ences the surgeon's decision in trying to save an 
extremity. Sometimes, the surgeon must choose 
between the patient's life and saving the extremity. 
Instead of following general principles, the experi
enced vascular surgeon will individualize the indi
cation for surgery and adjust treatment accordingly. 

Infections of arterial prostheses occur in 1 %-2% 
on average. Here the problem is to cure the infec
tions (removal of foreign matter, drainage, and 
irrigation) while at the same time avoiding ampu
tation when acute ischemia develops as a result 
of the local surgical intervention (local ligation). 

A new reconstruction within the contaminated 
area has a double purpose: (1) Cure of the infec
tion by draining the abscess, removing synthetic 
material acting as a sustaining medium for bacteri
al infection, local drainage, and irrigation, and (2) 
at the same time, reconstruction of the arterial ves
sel using autogenous materials, chiefly veins. The 
use of absorbable atraumatic suture material may 
simplify this procedure. In common with other 
groups, we have employed this combined method 
successfully in local infections of the pelvic and 
femoral region. Treatment of a local abscess by 
drainage and irrigation alone is only possible if 
the patient's general condition is good and no 
hemorrhage is present. This treatment may also 
produce good results in infected regions near an 
aortic anastomosis. We have observed one cure 
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Fig. 10.2.1. Local drainage and irrigation by means of 
a gravity-fed infusion set 

Fig. 10.2.2. Coverage of an infected aortic segment and 
an infected ~nguinal arterial reconstruction with greater 
omentum flap 
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Fig. 10.2.3. Coverage of an infected prosthesis in the 
groin with the sartorius muscle dissected proximally and 
displaced medially (LEGUIT and v AN BERGE HENEGOUWEN 
[10]) 

of an E. coli abscess situated near the proximal 
portion of a bifurcation prosthesis after many 
years of follow-up treatment. While irrigation and 
drainage are performed, continuous flow of irri
gating fluid through the infected wound should 
be checked by maintaining a careful fluid balance 
(Fig. 10.2.1). Irrigation should be continued for 
2-3 days. The drain should be left in place for 
3- 5 days. The possibility of implanting PMMA 
chains should be mentioned in this connection. 

An important procedure is the covering of an 
infected vascular segment with greater omentum 
[3]. This is done by means of a pedicled flap from 
the transverse colon, vascularized by either the left 
or right gastroepiploic artery [1]; the flap is length
ened and drawn through a hole in the transverse 
mesocolon, either down into the retroperitoneal 
or the femoral region (Figs. 10.2.2, 10.2.3). Cover
age with viable tissue and local as well as systemic 
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treatment with antibiotics may cure infection and 
at the same time preserve blood circulation. In 
the same manner, transposition of the sartorius 
muscle [10] and other tissues of the thigh, includ
ing flaps from the lower abdomen, are used to 
cover infections of the groin during the postopera
tive follow-up period. Local proliferation of con
nective tissue may lead to shrinkage of the arterial 
reconstruction following cure of the infection. 
Then, a secondary procedure may be performed 
to reconstruct the artery. Surgical management of 
vascular infections often combines several differ
ent procedures. 

G. Bypass Procedures 

Arterial circulation is interrupted by local ligation 
in the infected area, and the wound is left open 
to heal by second intention. This treatment is com
bined with extra-anatomic bypass procedures in 
noncontaminated areas for immediate restoration 
of adequate blood flow to the noninfected area. 
Bypass should be performed first (see p. 539). 

Immediate arterial reconstruction is necessary 
only if ischemia becomes too severe following liga
tion of an artery. For example, surgical ligation 
of the femoral artery within the adductor canal 
does not necessarily result in total ischemia calling 
for immediate revascularization. There is time for 
the infection to heal and for the patient's general 
condition to improve before revascularization is 
performed. Sometimes, ameroid or laminaria rings 
may be installed, causing progressive narrowing 
of the infected prosthesis. They swell slowly, stim
ulating the development of collaterals. The oc
cluded prosthesis is then removed in a second op
eration without extra-anatomic bypass. Suture li
gation of arteries within the aortic and inguinal 
regions causes severe ischemia of the lower extrem
ity. Delayed revascularization following ligation 
is, therefore, of very high risk and may lead to 
amputation. The commonest bypass procedure in 
cases of infected aortic prostheses (48 % mortality) 
is the axillofemoral bypass graft. Infections of the 
inguinal region are treated by grafting through the 
obturator foramen. In rare cases, a bifurcation 
prosthesis is connected proximally to the aorta just 
below the diaphragm or to the descending aorta. 
Both sides of the prosthesis are then pulled 
through a tunnel in the rectus sheath and anasto
mosed to uninfected arteries distally (Fig. 10.2.4). 

F. PIZA 

Fig. 10.2.4. Bypass of an infection of the infrarenal aor
ta; proximal attachment below the diaphragm. Synthetic 
prosthesis lying in a tunnel of the anterior abdominal 
wall 

Surgical management of peri graft infection, 
especially if combined with hemorrhage, is sum
marized as follows: 

1. Extra-anatomic bypass, performed according 
to the basic principles of aseptic vascular sur
gery 

2. Radical revision of the infection site with re
moval of all foreign material and adequate 
drainage of the area 

Systemic administration of antibiotics will have 
two effects in such a situation: on the one hand, 
it is a prophylaxis for the newly reconstructed 
area, and, on the other hand, it combats infection 
and sepsis already present. 

Although an immediate bypass operation in pa
tients with septic or hemorrhagic shock is an addi
tional risk, it should be performed in view of the 
catastrophic sequelae following intoxication 
through ischemic necroses. After aortic ligation, 
complete ischemia of both legs up to the hips has 
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a mortality rate of about 72%. Immediate revascu
larization is still the lower risk although it has 
an average mortality rate of 40% owing to the 
poor general condition of these patients. Even if 
revision and reconstruction can be performed dur
ing one operation, the outcome of this dreaded 
complication is often fatal. The mortality rates cit
ed in the literature differ greatly, since they are 
dependent on several variables: spread of the in
fection, localization of the synthetic material, 
number of anastomoses involved, graft thrombo
sis, etc. In these cases arteriosclerosis, hemorrhage, 
and sepsis result in severe damage to vital organs. 
Even though revision of an infection within the 
inguinal region is easier to perform, the basic prob
lems of management are no different. Quick life
saving decisions are also of the utmost importance. 

In contrast, distal infections do not lead to hem
orrhagic or septic shock as often (9.9% mortality). 
However, technical alternatives to a distal anasto
mosis in an uncontaminated area are very limited. 
In the case of infection with subsequent hemor
rhage, amputation is often necessary. This is the 
only relatively secure life-saving procedure. 

Treatment of choice in secondary aortoenteric 
fistula is an extra-anatomic bypass and excision 
of the prosthesis. In a primary fistula of this kind, 
following spontaneous perforation of an aneurysm 
into the intestinal lumen, closure of the intestine 
with resection of the aneurysm and implantation 
of a bifurcation prosthesis are recommended. Re
ports on this procedure have demonstrated good 
results. 

The immediate threat from an infected vascular 
reconstruction is to the patient's limb, but also, 
secondarily, to his life. And here the boundary 
line between primary and secondary threat is 
sometimes very narrow. If the surgeon passes over 
it, the patient's life will be forfeited. To make the 
right decision at the right time is one of the greatest 
responsibilities a vascular surgeon has, demanding 
the broadest experience and highest degree of tech
nical skill. Because these complications do not oc
cur too often, the surgeon should consult an expe
rienced colleague without delay in order not to 
make a wrong decision. Schematic aids to decision 
making, as found in surgical textbooks, are useful 
for general procedural advice, but they do not nec
essarily apply in every case. This is why well-orga
nized prophylaxis and individualized treatment of 
infections are so important. 
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H. Future Perspectives 

Advances in prophylaxis can be expected in the fol
lowing area: 

1. Improvement of surgical management and or
ganization (operating room, postoperative 
ward, and intensive care unit) 

2. Adequate training in general surgery and its 
subspecialities 

3. Antibiotic prophylaxis incorporated in synthet
ic materials 

4. Further refinement of synthetic materials to im
prove pseudointima formation with prevention 
of dissections, and within the material a rein
forced barrier against bacterial invasion 

5. Synthetic materials with local antibiotic binding 

Advances in therapy are based on: 

1. Further improvement of diagnostic techniques 
(ultrasonography, scintigraphy, angiography, 
and others) 

2. Adequate training in vascular surgery with spe
cial emphasis on the treatment of complications 

3. Specific antibiotics with fewer side effects 

The poor prognosis of deep infections in vascular 
surgery, often leading to amputation or even 
death, totally justify all measures mentioned above 
and all efforts to improve organization and equip
ment, despite the costs involved. 
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In the early days of vascular surgery anastomotic 
aneurysms were a relatively common late compli
cation (3%-24%) following prosthetic vascular re
placement. Most of the anastomotic ruptures were 
caused by early wear of suture materials (silk I), 
prosthetic fibers, or texture [1, 2, 3, 6, 7]. After 
qualitative improvement of these products (Da
cron and PTFE prostheses, polyester and polypro
pylene sutures) the occurrence of late anastomotic 
aneurysms became rare [2, 17]. Besides mechanical 
wear, biologic characteristics and technical errors 
may promote the development of anastomotic an
eurysms. The different elasticities of the grafted 
artery and the prosthesis connected to it cause a 
mismatch in compliance and exert a very intense 
mechanical strain upon the anastomosis [9]. Dis
obliteration and endarterectomy of the arterio
sclerotic artery at the suture site should be done 
very sparingly, if at all. If calcified plaque forma
tion is too extensive and circumferential disobliter
ation is absolutely necessary, rather larger bites 

of the arterial wall should be taken during suture 
of the anastomosis. In large vessels telescopic anas
tomosis has been very reliable: During the sutur
ing process the prosthesis is pulled slightly into 
the lumen of the vessel, thereby reinforcing the 
vessel margin. Favorable hemodynamic conditions 
at the anastomosis are also important for prevent
ing ruptures of the suture line. A high blood flow 
with minimal turbulence can be achieved by con
structing end-to-side anastomoses at a sharp angle 
with long and elliptical apertures [11, 12, 18] (see 
p. 43). Hypertension and clotting disorders, 
especially during the early postoperative period, 
promote the development of anastomotic aneu
rysms [1, 14]. The mycotic aneurysm, usually 
caused by inadequate aseptic conditions intraoper
atively, is a severe complication that almost always 
leads to removal of the prosthesis. This interrupts 
blood flow through the reconstruction, making ex
tra-anatomic bypass necessary (see p. 539). 

Between 70% and 80% of all anastomotic an
eurysms are localized in the inguinal region [10, 
11, 13]. There are three reasons for this high rate 
of incidence. In most cases the prostheses are su
tured end-to-side to the femoral artery. This ex
poses the incorporated rigid prosthetic tube to 
shearing and bending forces at the hip joint. Fur
thermore, the groin is highly susceptible to infec
tion because of its neighboring regions and numer
ous lymphatic vessels [11, 12, 16, 18]. In contrast, 
anastomotic aneurysms are much less common in 
pelvic and popliteal regions and also in the aorta 
and supra-aortic arteries [5, 8]. As a consequence 
of this statistically confirmed observation, we al
ways prefer iliac connection of prostheses im
planted for aneurysmatic disease of the aortic bi
furcation. 

Today, we use knitted double velour Dacron 
prostheses for the aortoiliac segment. We prefer 
the woven Dacron prosthesis in those cases where 
certain risk factors (advanced age, poor general 
condition, rare blood group, clotting disorders, 
emergency procedure) demand impermeability of 
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rtie prosthesis. Since no true healing takes place 
at the juncture of the host artery and the prosthe
sis, the use of nonabsorbable, long-lasting suture 
material is necessary. Synthetic polyester and poly
prophylene sutures are very reliable for this pur
pose. Beneath the inguinal ligament an autogenous 
vein graft is the best material for vascular replace
ment. Pseudoaneurysms of these grafts are a great 
rarity because true and complete healing between 
the autogenous graft and the host artery takes 
place [18]. In cases where a vein is not available, 
stretched PTFE is used today worldwide. So far, 
there has been no indication that PTFE has a high
er incidence of anastomotic aneurysms than Da
cron [2]. 

A false aneurysm can develop at any suture 
line. Following endarterectomy and autogenous 
vein grafting, it is only rarely observed [8]. Like- . 
wise, anastomotic aneurysms following recon
structions of the supra-aortic arteries are rare [8]. 
An aortic aneurysm of the ascending aorta rarely 
develops owing to the absence of periaortal tissue 
that could effect tamponade. A postoperative pul
sating hematoma in this case leads to cardiac tam
ponade if it is not discovered early enough. Anas
tomotic aneurysms of the descending thoracic aor
ta are often diagnosed only when symptoms of 
dislocation of neighboring nerves (phrenic nerve, 
recurrent laryngeal nerve) or hemoptysis, caused 
by penetration of the bronchial system, occur. 
Aortoenteric fistulas are very severe complications 
of the usually asymptomatic suture line aneurysms 
of the abdominal aorta. The symptoms range from 
intermittently occurring occult blood loss to severe 
intestinal hemorrhage leading to hypovolemic 
shock [2, 4]. Typically, endoscopy does not detect 
the bleeding site. Anastomotic aneurysms of the 
pelvic arteries can lead to compression of the 
neighboring veins with stasis and thrombosis of 
the affected leg. An expanding pulsating tumor 
of a false aneurysm following arterial suture at 
the femoral arteries must not be confused with 
an inguinal abscess. 

B. Diagnosis 

Anastomotic aneurysms of limb arteries may often 
be diagnosed by simple palpation of pulsating tu
mors in the region of the anastomosis. Anastomot
ic aneurysms of the aorta, renal, visceral, and pel
vic arteries may be visualized by modern noninva-

H.M. BECKER and H. KORTMANN 

sive imaging methods such as ultrasonography and 
computed tomography. Prior to operative recon
struction, especially of small arteries, angiography 
is preferred. Diagnosis of small aortoenteric fistu
las may pose problems. In these cases, a diverticu
lar marginal contour of the aorta in the angiogram 
is pathognomonic. 

c. Indications for Surgery 

The occurrence and rapid advance of an acute an
astomotic dehiscence with formation of a pulsat
ing hematoma is extremely painful and must be 
treated immediately by emergency operation. De
lay leads to trophic disturbances of neighboring 
tissue so that wound necroses and infections must 
be expected after vascular reconstruction. Prompt 
intervention is necessary in case of hemorrhage 
from a leaking suture in a neck artery. Here, there 
exists an acute danger of asphyxia. The patient 
must be intubated immediately, and surgery per
formed. There is very little time left for diagnostic 
procedures in case of an acutely bleeding aortoen
teric fistula or leaking suture of the ascending aor
ta. If the appropriate acute symptoms are present, 
laparotomy or thoracotomy are justified. Anasto
motic aneurysms developing chronically are sur
rounded by a wall of fibrotic tissue, fibrin, and 
adherent stratified mural thrombi. Because they 
can rupture and embolize, elective resection is indi
cated as soon as the diagnosis is confirmed. 

D. Positioning 

The resection of anastomotic aneurysms is usually 
performed by the same approach as in primary 
surgery. This is why procedures on the infrarenal 
aorta, pelvic, and inguinal arteries are done using 
supine positioning. The suprarenal aorta (segment 
IV) or the thoracic aorta are exposed with the pa
tient in a semilateral position and slightly rotated 
according to eRA WFORD: the pelvis and abdomen 
are left in a supine position, while the thorax is 
rotated about 45° to the right. For reexposure of 
supra-aortic arteries, the patient is placed in the 
usual position. This is also the case in surgical 
revision of the extremities. 
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E. Exposure 

After excision of the scar, dissection is begun 
around the inflow and outflow tracts. Umbilical 
tape is passed around these proximal and distal 
segments. This is easier 2-4 cm above and below 
the aneurysmal sac. Following proximal and distal 
control of bleeding, the false aneurysm is exposed. 
Where especially massive scar tissue is present 
from previous operations, the aneurysm is opened 
directly and a Fogarty balloon catheter used to 
block inflow and outflow. This technique of intra
luminal balloon blockade is especially useful at 
smaller arterial bifurcations, e.g., at the femoral 
bifurcation when exposure of the profunda femo
ris artery is difficult because of severe scar forma
tion (see Fig. 10.3.3c, d). However, in the aorta 
and great arteries, the surgeon will always try to 
interrupt blood flow before the aneurysmal sac is 
divided; otherwise, blood loss will be too great. 
With the aneurysmal sac open, the anastomosis 
can be exposed step by step, using the scalpel. One 
should keep close to the artery in the dissected 
area in order to avoid injuring veins and nerves. 

F. Reconstructions 

I. Thoracic Aorta 

Following anterolateral thoracotomy, the thoracic 
aorta is first exposed proximal to the aneurysm. 
If the anastomotic aneurysm lies just below the 
aortic arch, the origin of the subclavian artery 
complicates dissection and in some cases must be 
sacrificed. The vagus and recurrent laryngeal nerve 
cross the aortic arch at that point and must be 
spared by all means (see p. 525). Exposure of the 
aorta distally is easily achieved by dividing the 
pleura. Only after proximal and distal bleeding has 
been brought under control is dissection begun 
around the pseudoaneurysm. If the anesthetic is 
properly administered, with subtle reduction of the 
afterload while taking most careful precautions 
not to reduce the preload, shunt or bypass tech
niques can be avoided in the clamping phase. 
However, under difficult anatomic conditions, one 
should not hesitate to employ these techniques. 
Previous hemoptysis is always indicative of aneu
rysmal penetration of the lung. 

Usually, the sixth segment of the left lower lobe 
is affected. Following blunt as well as sharp sepa-
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ration of both structures and reconstruction of the 
aorta, resection of the pulmonary segment is neces
sary. Blood clots are removed from the opened 
aneurysm and the leaking suture exposed. Aorta 
and prosthesis around the anastomosis are re
sected and the continuity of the aorta restored. 
This basic principle of reconstruction can be ap
plied to all central and peripheral aneurysms. The 
anastomosis can be repaired by restitching alone 
only if suture dehiscence is slight and circum
scribed and the arterial wall is in intact. In any 
event, local repair by suture should remain an ex
ception in the operative treatment of anastomotic 
aneurysms. 

ll. Abdominal Aorta 

Anastomotic aneurysms of the abdominal aorta 
(Fig. 10.3.1 a) are exposed by a transabdominal 
approach through a median laparotomy extending 
from the xiphoid to the symphysis pubis, cutting 
around the umbilicus on the left side. The small 
intestine is retracted to the right. Typically, a false 
aneurysm of the proximal aorta may have pene
trated the ascending part of the duodenum, just 
before the duodenojejunal flexure, forming an aor
toenteric fistula (Fig. 10.3.2a, c). When the diag
nosis has been confirmed, no further exposure is 
performed. Instead, dissection above the kidneys, 
preferably cranial to the celiac artery, is continued 
for better visualization and clamping 
(Fig. 10.3.2b). The lesser omentum is divided, and 
the tissue around the aorta is dissected between 
the sides of the diaphragm. If the origin of the 
celiac artery is rather high, one should divide the 
tendinous tissue surrounding the aortic hiatus. 

Following systemic anticoagulation with hepa
rin the aorta can be clamped just below the dia
phragm. Distal bleeding below the fistula is con
trolled, the aneurysm is divided, and the fistula 
is exposed from within the aorta (Fig. 10.3.2c). 
The visualized duodenal wall defect is closed with 
a two-row suture (Fig. 10.3.2d). If an aortoenteric 
fistula is not present, the aortic clamp can be ap
plied below the kidneys following exposure of the 
left renal vein and dissection of tissue surrounding 
the aorta in this region (Fig. 10.3.1 b). Prior to re
construction of the aorta, the operating area 
should be flushed with an antiseptic solution (e.g., 
4 g chloramine diluted in 1000 mllukewarm 0.9% 
NaCl). The prosthesis and, if necessary, the aorta 
are resected at the anastomosis (Fig. 10.3.1 c, d, 
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Fig. 10.3.1 a-g. Anastomotic aneurysm following recon
struction of the infrarenal aorta. a Surgical approach. 
b Clamping of the aneurysm following exposure of the 
crossing left renal vein. c Division of the aneurysmal 
sac. d, e Resection of aorta and prosthesis at the suture 
line. f Interposition of the prosthesis. g Brief release of 
the distal clamp and flushing of the prosthesis before 
the distal suture is tied 
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Fig. 10.3.2. a Anastomotic aneurysm with aortoduoden
al fistula following reconstruction of the abdominal aor
ta. b Clamping of the aorta above the celiac artery be
tween both crurae of the diaphragm. c Division of the 
aneurysmal sac and prosthesis. d Transverse two-row 
suture of the duodenal wall defect following previous 
excision. e Reconstruction by prosthetic interposition. 
f Pedicled omentum between the proximal anastomosis 
and the duodenum 
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e) and the continuity restored by a Dacron graft 
(Figs. 10.3.1 f, g, 10.3.2e). One should perform a 
continuous suture, taking at least 5-8 mm bites 
of the aortic margin. This technique securely an
chors the suture in the aortic tissue and prevents 
leakage at the anastomosis. Graft and duodenum 
must be separated by interposition of soft tissue, 
for which pedicled greater omentum is best suited 
(Fig. 10.3.2f). If anastomosis at the proximal in
frarenal aortic edge is not successful because of 
brittle, scarred tissue, the renal arteries are excised 
together with a Carrel patch and an end-to-side 



178 

anastomosis reimplanted into the prosthesis. At 
the beginning of renal ischemia one should reinject 
cold heparinized normal saline solution (4° C, 
1000 units heparin per 20 ml 0.9% NaCl) into both 
renal arteries. 

In the case of an infected anastomotic aneurysm 
the proximal aortic stump is closed by a 2-0 con
tinuous Dacron suture which is reinforced by an 
omentum flap (Fig. 10.3.2t). The entire synthetic 
prosthesis must be removed and the pelvic arteries 
closed with a 2-0 Dacron suture. An axillofemoral 
bypass, consisting of 8-mm woven Dacron pros
theses constructed prior to laparotomy, reestab
lishes blood flow to both sides. 

ill. Femoral Artery 

The very common infrainguinal anastomotic aneu
rysms (Fig. 10.3.3a) are exposed through a femo
ral incision which is extended cranially. It is advis
able first to expose the prosthesis above the pulsat
ing tumor. In an end-to-side anastomosis, the 
proximal common femoral artery and the external 
iliac artery must be exposed for complete hemor
rhage control, if necessary, by division of the in
guinal canal above the inguinal ligament 
(Fig. 10.3.3 b). Then the superficial femoral artery 
and the profunda femoris artery are exposed dis
tally. Where severe scar tissue formation is present, 
distal dissection may not be performed, and the 
technique of intraluminal balloon blockade should 
be applied instead (Fig. 10.3.3c, d). Following sys
temic anticoagulation with 10000 units heparin 
and proximal and distal control of bleeding, the 
aneurysmal sac is divided and the anastomosis ex-
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Fig. 10.3.3. a Anastomotic aneurysm of the left femoral 
artery. b Exposure of the aneurysmal sac and proximal 
passage of umbilical tape around the prosthesis and ar
tery. c Bleeding control: proximally by vascular clamps, 
distally, in case of inadequate dissection, by two inserted 
Fogarty catheters. d, e Reconstruction of the graft 

posed and dissected at the suture line. After trim
ming of the arterial wall and resection of the torn 
prosthetic margin, continuity is restored by a syn
thetic graft. First, the anastomosis between the 
host artery and the graft is completed, and then 
the end-to-end anastomosis between both pros
theses (Fig. 10.3.3d, e). Just before completion of 
the distal anastomosis, the balloon catheters are 
removed and the last sutures tied. To protect 
neighboring structures, the aneurysmal sac is re-
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sected only as far as necessary for good visualiza
tion. Wound irrigation, the installation of a Redon 
drain for 24 h, and layer-by-Iayer wound closure, 
with complete subcutaneous coverage of the pros
thesis, finish the operation. 

G. Postoperative Complications 

Postoperative complications following removal of 
anastomotic aneurysms do not differ from those 
occurring after reconstructive vascular surgery . 
However, considering that these procedures repre
sent surgical reinterventions, the risk of local post
operative hemorrhage is increased (usually, oozing 
from scar tissue, which makes temporary careful 
drainage necessary). Perioperative prophylactic 
antibiotics reduce the higher risk associated with 
secondary wound healing [15]. 
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With the continuing development of modem vas
cular surgery, an increasing number of vascular 
reconstructions at the site of the abdominal aorta 
are being performed, even in younger patients. 
Postoperative sexual dysfunction not present pre
operatively is noticed in a significant percentage of 
patients. The literature reports up to 88%. How
ever, sexual dysfunction following operations in the 
region of the aorta and iliac arteries is almost al
ways accepted as an unavoidable consequence of 
limb-saving operative technique and is justified 
as such to the patient. In the majority of cases, 
such postoperative impairment of male sexual func
tion ,is either of vascular or of neurogenic origin. 

B. Vascular Causes of Sexual Dysfunction 

Since LERICHE described the syndrome of a throm
bosis of the aortic bifurcation named after him, 
it has been known that a sufficient blood flow 
within the area supplied by the internal iliac artery 
is necessary to achieve erection of the penis. The 
decrease of erectility in patients with occlusive dis
ease of the aorta and of the iliac arteries may al
ready be present 13-18 months before the onset 
of symptoms of impaired circulation in the lower 
extremity. 

Impairment of sexual function of vascular ori
gin found after operative procedures in the region 
of the aortic bifurcation must therefore be inter
preted by alterations in the hemodynamics of the 
pelvic blood flow caused intraoperatively or 
peri operatively. In most cases, this will lead to an 
insufficient blood supply within the internal iliac 
artery or its branches (internal pudendal artery, 
dorsal artery of the penis). A sufficient blood sup
ply of this region, however, is of decisive signifi
cance for sustained erection of the penis. 

C. Neurogenic Causes of Sexual 
Dysfunction 

Regarding neurogenic sexual dysfunction the de
tailed report by WHITELAW and SMITHWICK 1951 
[20] on the impairment of sexual function follow
ing therapeutic removal of various parts of the 
sympathetic trunk is of great interest. The authors 
report that high lumbar sympathectomy, with bi
lateral excision of sympathetic trunk ganglia 
Th 12, L1, and L2, leads to impairment of erection. 
In contrast, following denervation of the sympa
thetic trunk ganglia L2 and L3 as well as the hypo
gastric plexus, one must expect impairment of ejac
ulation in the sense of "retrograde ejaculation," 
although erection may be intact. Loss of erection 
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or of correct ejaculation may also be caused by 
transection of the sympathetic preaortic plexus, 
depending on the level of the lesion. 

Since its appearance this paper has been fre
quently cited, mainly in the vascular surgical litera
ture, and has thus been responsible for the wide
spread opinion that there is a lumbar sympathetic 
pathway for erection. The authors' explanations 
of the impairment of erection after sympathecto
my, however, do not correspond with current 
physiologic knowledge indicating that erection is 
regulated by the sacral parasympathetic nervous 
system [3]. It is generally agreed that the essential 
source of penile erection is located in the lower 
part of the sacral spinal cord and only affects the 
organ and its vessels via the" nervi erigentes" (S2, 
S3, S4) [3]. However, these neural structures, lo
cated within the true pelvis, are usually not injured 
by the operative procedures mentioned. Subse
quent publications also showed that after similar 
operative procedures it was mainly ejaculation, not 
erection, that suffered postoperative impairment 
[1,6,8, 13, 16]. 

In 1965 HARRIS and JEPSON [4] reported on a 
group of patients with Leriche syndrome, 33% of 
whom, though sexually potent preoperatively, ex
perienced immediate postoperative "impotence." 
This fact seemed astonishing since, in all cases of 
vascular reconstruction, blood flow within the pel
vic area had significantly increased. These authors 
were the first to suggest that operations at the bi
furcation may injure the sympathetic nervous net
work located there. 

According to WEINSTEIN and MACHLEDER [19] 
the type and frequency of postoperative neurogen
ic sexual dysfunction are directly related to the 
extent of dissection in the aortoiliac area. They 
conclude that lesions of the sympathetic hypogas
tric plexus may be responsible for the impairment. 
This suggestion is supported by the observation 
that postoperative impairment of ejaculatory ca
pability are reduced to a minimum when special 
care is taken of the hypogastric plexus at the site 
of the terminal aorta during the operative proce
dure. VROONHOVEN [17] found in 1977 that out 
of 38 patients up to 46% showed postoperative 
impairment of ejaCUlation when no special care 
was taken of the integrity of the hypogastric plexus 
in this region. This complication rate was signifi
cantly reduced in a second group of 37 patients 
in whom a careful operative technique was em
ployed that aimed at avoiding injury of the plexus. 
In cases of resection of aneurysms, the complica-

tion rate decreased from 48% to 20%, and in pa
tients with claudication, from 18% to 11 %. 

In 1978, PIRCHER et al. [11] reported on the 
largest series so far. Of 318 patients, 148 were pre
operatively sexually potent. There were two com
parable groups with implantation of an aorto
bifemoral prosthesis. In the group without com
plete dissection of the aorta to preserve the sym
pathetic plexus, postoperative sexual impairment 
was reduced from 90% to 25%. 

In the clinical reports on postoperative sexual 
disorders the use of the global terms" sexual po
tency" and" sexual function" without further ex
planation results in much confusion. Specific refer
ence is rarely made to orgasm, erection, or ejacula
tion. 

D. Physiology of Male Sexual Function 

Genital functions in humans include various types 
of reflexes with complex chronological sequences 
involving not only sympathetic and parasympa
thetic, but also somatic reflexes. The knowledge 
and ideas about male genital reflexes are still very 
incomplete and have been gained from investiga
tions of healthy people as well as patients whose 
spinal cord had been injured at the thoracolumbo
sacral centers of these reflexes. Additional knowl
edge has been obtained from experiments in sever
al animals [14, 18]. 

The sequence of male sexual reaction consists 
of three main phases: 

1. Erection 
2. Emission 
3. Ejaculation 

Erection. The erection of the penis is mainly caused 
by a dilatation of the arteries within the corpora 
cavernosa penis and the corpus spongiosum penis 
via cholinergic parasympathetic neurons of the 
pelvic nerves. The increasing filling inhibits more 
and more the venous outflow of the corpus caver
nosum at the site where the veins penetrate the 
tunica albuginea and so supports the swelling of 
the penis. 
The mechanism of erection consists of the follow
ing six steps [18]: 

1. Relaxation of Ebner's cushion. This causes a 
lowering of resistance in the arteries of the cor
pus cavernosum. 
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2. Dilatation of arterial vessels. This results in in
creased pressure and flow within the corpora 
cavernosa. 

3. Occlusion of the arteriovenous shunts, inhibit
ing rapid outflow from the arterial system. 

4. Relaxation of the smooth muscle of the corpora 
cavernosa. 

5. Occlusion of the venous valves, which allows 
filling of the corpus cavernosum. 

6. Stretching of the vessels, facilitating the in
crease of pressure and flow. 

Visual, olfactory, auditory, and somatoesthetic in
fluences excite the spinal center of erection via the 
cerebral cortex, the limbic system, and the hypo
thalamus. The center is located in the sacral spinal 
cord at the level S2-S4. Sensory peripheral affer
ence is elicited by touching the skin of the genitals 
as well as the closely packed mechanoreceptors 
of the glans penis. The afferents run in the puden
dal nerve into the parasympathetic spinal center 
of erection within the segments S2, S3, S4 of the 
sacral spinal cord. Erection itself is caused exclu
sively by the parasympathetic nervi erigentes, orig
inating from the pelvic nerves. HABIB [3] succeeded 
in causing an erection in paraplegic patients by 
electric stimulation of the roots S2, S3, or S4. 

According to the established view of physiolo
gy, permanent neurogenic impairment of erection 
following operations is mainly expected after inju
ry to· the parasympathetic nervi erigentes originat
ing at the sacral spinal cord. It has not yet been 
established whether there is a lumbar sympathetic 
pathway within the hypogastric plexus that brings 
about true erection. Operations at the aortoiliac 
arteries do not touch these parasympathetic nervi 
erigentes. They run deep in the true pelvis in front 
of the sacrum and lateral to the rectal ampulla. 
Therefore, there must be other reasons for the oc
currence of postoperative impairment of erection. 
Most probably, the underlying causes are ofhemo
dynamic origin, resulting in a reduced blood sup
ply to the corpus cavernosum. 

Emission and Ejaculation. The term "ejaculation," 
previously used in a broader sense, should nowa
days be divided into visceromotoric emission and 
somatomotoric ejaculation itself. Seminal emission 
means the ejection of seminal fluid out of the epidi
dymis, the vas deferens, seminal vesicles, and pros
tate into the posterior urethra. This occurs by re
traction of the smooth muscle of these structures. 
Simultaneously, the neck of the bladder is closed 
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by the internal vesicle sphincter, inhibiting "retro
grade ejaculation" into the bladder. The innerva
tion comes from sympathetic neurons of the thora
columbar junction. This mechanism is regulated 
by fibers of the sympathetic center of emission 
(Th 12 to L2) running from the sympathetic trunk 
to the sexual organs in the pelvis via the hypogas
tric plexus and the pelvic plexus. 

J.L. BUDGE [1] was able to show as early as 
1858 that electrical stimulation of the hypogastric 
plexus causes contraction not only of the inner 
sphincter of the bladder, but also of the seminal 
vesicles and the vas deferens. In these experiments, 
BUDGE could not demonstrate an erection. Postop
eratively absent ejaculation or emission, with con
sequent impotentia generandi, may therefore be 
explained by the lack of sympathetic innervation 
at the time of orgasm [19]. 

The "ejaculatio seminis" itself, however, is ini
tiated by parasympathetic afferents of the internal 
urethra and the prostate (via pelvic nerves to the 
sacral spinal cord) as well as by sympathetic affer
ents of the epididymis and seminal vesicles (via 
the hypogastric and pelvic plexuses to the thoraco
lumbar junction of the spinal cord). The ejacula
tion of sperm from the anterior urethra is finally 
caused by clonic contractions of the bulbocaverno
sus muscles, the ischiocavernosus muscles, and the 
external sphincter urethrae. These muscles are in
nervated by the genital somatomotoric portion of 
the pudendal nerve, originating from the parasym
pathetic center of ejaculation within the sacral spi
nal cord (S2-S4). 

E. Neuro-Anatomy of Male 
Sexual Function 

Anatomy of the Hypogastric Plexus (Fig. 10.4.1). 
Because ejaculation, and consequently male fertili
ty, is clearly dependent on the lumbar sympathetic 
trunk and the hypogastric and pelvic plexus, pres
ervation of these structures during operations in 
the aortoiliac region is necessary [16], but so far, 
the literature has not provided sufficiently reliable 
guidelines for avoiding iatrogenic damage to sex
ual function [7]. 

The more or less X-shaped sympathetic hypo
gastric plexus is formed at the level of the aortic 
bifurcation mainly from two trunks originating 
from large visceral branches of the cranial lumbar 
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sympathetic trunk (Ll, L2). They emerge on both 
sides of the aorta and becomes united, forming 
an acute angle in front of the aorta. Additionally, 
the hypogastric plexus is joined by small strands 
of the solar and aortorenal plexuses descending 
in front of the aorta and by the distal lumbar sym
pathetic trunk. The approximately 1 cm broad, 
band-shaped nervus plexus (nervus presacralis) 
crosses the bifurcation in the middle, or often 
somewhat to the left across the left common iliac 
artery, and runs in front of the common iliac vein 
and of the promontorium down into the small pel
vis. Here, the plexus separates into two branches 
(right and left hypogastric plexus) penetrating into 
the pararectal fatty tissue and then passing ante
riorly downward to the pelvic floor, as if riding 
on the rectum. Here, they form the lumbar sympa
thetic root of the ganglionic pelvic plexus on both 
sides. The parasympathetic roots, however, orig
inating in the pelvis from the second to fourth 
sacral root of the ischiatic plexus, form the nervi 
erigentes. 

Distal to the origin of the inferior mesenteric 

o 
-- DuodenOlelunal lIexure 

o 
Inferior mesenlerlC a 

Paroelal perlloneum 

Superior hypogaslrlc plexus 

Rubber band -----
Fig. 10.4.1. Schematic drawing of the infracolic region 
with the bifurcation of the aorta: Arrow 1. transperito
neal-retromesenteric approach: entry into the extraperi
toneal space from the intersigmoid recessus, turning to 
the right between the inferior mesenteric artery and the 
hypogastric plexus on the one hand and the aorta and 
inferior vena cava on the other hand, in order to reach 
the peritoneal cavity through the parietal peritoneum 
in front of the inferior vena cava. The sigmoid colon 
is pulled ventrally and cranially to the right; the inferior 
mesenteric artery and also the hypogastric plexus are 
lifted off the bifurcation. Arrow 2. Direct transperitoneal 
approach : perforation of the peritoneum next to the 
right border of the hypogastric plexus, proceeding to 
the left in order to pass beneath the plexus and the inferi
or mesenteric artery. Arrow 3. retroperitoneal-retrome
senteric approach to the hypogastric plexus. The rubber 
band lies behind the rectum and both pelvic plexuses, 
as well as in front of the nervi erigentes and the inferior 
rectal artery 

artery, both lumbar major roots of the hypogastric 
plexus join together on the anterior wall of the 
aorta to form an X-shaped plexus. At this site, 
the plexus, with both its major roots and its two 
branches, forms a very palpable membrane of sub-
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Superior hypogastric plexus 

Fig. 10.4.2. Schematic cross section of the abdomen at 
the level of the sacral junction: the iliac vessels (common 
iliac vein, external iliac artery, internal iliac artery) are 
located on both sides in the angle between the psoas 
major muscle and the lumbosacral disc; behind them 
are the nerve trunks of the lumbosacral plexus, and an
teriorily, lying on the psoas major muscle, the ureter. 
The hypogastric plexus, situated in front of the vertebral 
column between the iliac vessels, is attached to the inferi
or mesenteric artery by vegetative nerve fibers and con
nective tissue 

peritoneal connective tissue attached firmly to the 
peritoneum. This membrane is easily lifted off its 
base (aorta, left common iliac vessels, and pro
montorium). However, fine rami splanchnici lum
balis from the caudal portion of the lumbar sym
pathetic trunk, of thus far unknown function, may 
be torn. The plexus lies to the right of the superior 
rectal artery which descends vertically into the pel
vis next to it and is also attached to it by connec
tive tissue. Together with the neural band of the 
hypogastric plexus, the superior rectal artery, the 
sigmoid artery, and the whole branched area of 
the inferior mesenteric artery can be lifted off the 
base in the layer of secondary adhesions of the 
mesenterium to the posterior abdominal wall. 

F. Diagnosis 

During preexamination and planning for recon
structive vascular surgery in the pelvic region, it 
is important to take an exact history of sexual 
function. This should include the frequency of sex
ual intercourse and the ability to achieve an erec
tion and sustain it. Furthermore, the degree of 
erection and the stability of the erect penis should 
also be documented as well as any impairment or 
lack of ejaculation. If impairment of potency is 
already present before the planned operation, an 
attempt must be made to determine the psycholog
ical, organic, or possibly iatrogenic causes. 

Psychological impotence can be distinguished 
relatively easily by the documentation of sponta
neous nocturnal erections using the so-called 
"stamp ring test. " Perforated strips of stamps 
placed around the penis are torn by unconscious 
nocturnal erections during the REM phase of 
sleep, thus providing erectility of the penis. These 
phases of erection may also be documented by 
measurements of nocturnal penile tumescence 
(NPT). If nocturnal erections are verified by these 
methods, then the impairment of erection reported 
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by the patient is of psychological, not of organic 
origin [18]. 

For objective evaluation of erection disorders 
of vascular origin, several methods of investiga
tions are available by which it is possible to deter
mine blood flow to the corpus cavernosum [2, 5, 
12]. 

1. Impedance plethysmography 
2. Control of pulse volume (mean penile arterial 

pressure) 
3. Transcutaneous Doppler ultrasound (systolic 

penile blood pressure) 
4. Aortography 
5. Superselective angiography of internal iliac ar-

tery and internal pudendal artery 
6. Phalloarteriography 

Among the noninvasive methods, transcutaneous 
Doppler ultrasound (estimation of the arterial 
penile blood pressure) is probably the simplest and 
most reliable [12]. By means of a Doppler probe 
and a small blood pressure cuff, this technique 
allows measurement of pressure in both dorsal 
penile arteries. The relation of the penile arterial 
pressure to the blood pressure in the brachial ar
tery is estimated by the penis - brachial index 
(PBI = BP penisjBP brachial). A fall of PBI below 
0.6 indicates impotentia coeundi of vascular ori
gin. 

Postoperative measurement is of special impor
tance, as it shows the effect of our reconstructive 
procedures on the blood supply of the internal 
iliac region. 

The most important preoperative measure is 
angiographic demonstration of pelvic circulation. 
Conventional aortography is usually sufficient for 
high contrast pictures of the iliac vessels. Some
times, however, it is necessary to inject selectively 
into the internal iliac artery to better demonstrate 
the internal pudendal artery. A new method for 
demonstration of the arteries supplying the cor
pora cavernosa of the penis is phalloarteriography 
as described by MICHAL [10]. This is used to clarify 
the morphological status of the penile vessels and 
is therefore an important prerequisite for assess
ment of a possible microsurgical revascularization 
of the corpus cavernosum [9]. 

It should be noted that under certain circum
stances a single open internal iliac artery is suffi
cient for a normal erection. On the other hand, 
this single artery may show retrograde flow if the 
common iliac artery of the same side is occluded. 
Then a steal mechanism exists, in other words an 

external iliac steal syndrome. This may cause a 
preexisting erection to fail during intercourse 
under the increased muscular action of the lower 
extremity. Such an impotentia coeundi can usually 
be eliminated once the blood supply to the internal 
iliac artery has been restored surgically, preserv
ing, of course, the autonomous innervation of the 
genitalia. 

The objective assessment of exclusively neu
rogenic impairment of sexual function is the task 
of the neurologist or the urologist. If there is a 
defect, then, in addition to a neurologic examina
tion there should be a complete urodynamic exam
ination to localize the lesion and determine its de
gree of severity. The following neurogenic signs 
should be checked: the tendon-surface reflex, Ba
binski's sign, cremasteric reflex, perineal reflex, the 
sensitivity of the outer genitalia, as well as the 
motility of the anus. A positive bulbocavernous 
reflex confirms the integrity of the reflex arch be
tween the glans penis, the sensory pudendal nerve, 
the sacral segments S2 and S4 of the spinal cord, 
and the motoric pudendal nerve. A thorough in
vestigation of prostatic fluid and urine following 
masturbation will indicate the degree of impaired 
emission. In cases of retrograde ejaculation, sper
matozoa and fructose will be found in the urine. 

G. Operative Technique for Avoiding 
Postoperative Sexual Disorders 

Operative technique used for procedures in the 
aortoiliac area should be based on the following 
knowledge: 

1. For erection, sufficient pressure and flow must 
be assured within the area supplied by the inter
nal iliac artery. The decisive neural component 
of erection, the sacral parasympatheticus, is not 
in the operative field. 

2. For ejaculation, the sympathetic innervation 
from the uppermost roots of the hypogastric 
plexus is essential and must therefore be pre
served. 

Avoidance of Sexual Disorders of Vascular Origin 

For a stable erection, the blood flow supplying 
the area of the internal iliac artery should be con
stant, and reconstructive surgical procedures in the 
aortoiliac region must be planned with this in 
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Fig. 10.4.3. Y-patch angioplasty at the bifurcation, en
dangering the hypogastric plexus 

mind. In particular, one must insure that bypass 
procedures are chosen and performed in a way 
that provides sufficient pressure and flow in the 
internal iliac artery. 

Figures 10.4.3 and 10.4.4 show the dilemma 
which may be encountered using the conventional 
technique. Both reconstructive procedures for 
overcoming occlusive disease of the aortoiliac re
gion - open endarterectomy (Fig. 10.4.3) and by
pass (Fig. 10.4.4) - most likely cause postoperative 
sexual dysfunction. Endarterectomy and patch an
gioplasty facilitate blood flow within the iliac ves
sels and consequently erectility, but in most cases 
the hypogastric plexus will be divided by these pro
cedures, resulting in a loss of ejaculation [15]. 

By contrast, the implantation of prosthesis may 
avoid injury to the vegetative fibers, but the ste
nosed internal iliac artery will be completely 
thrombosed because of stagnation of the blood 
flow in the pelvic vascular bed after bypassing the 
bloodstream. This will result in an impairment of 
erectility clearly vascular in origin. 

The shape of the anastomosis, end-to-side or 
end-to-end, is a very important factor in the blood 
supply to the pelvis and therefore also in the 
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Fig. 10.4.4. Aortobifemoral Dacron bypass (end-to
side). Relation to the hypogastric plexus 

erectility of the penis. In general it can be said 
that the end-to-side anastomosis is preferable from 
this point of view. 

Following a proximal end-to-end anastomosis 
of an aortofemoral Y -bypass, anterograde blood 
flow into the pelvis will no longer exist after tran
section of the distal aorta. The result will be com
plete thrombotic occlusion of the sclerosed pelvic 
vessels (Fig. 10.4.5). The proximal end-to-side 
anastomosis of an aortoiliac or an aortofemoral 
bypass may be possibly sustain blood supply to 
the internal iliac artery, especially if, in addition, 
a thromboendarterectomy of the common iliac ar
tery as far as the origin of the internal iliac is 
performed. The same holds for the distal end-to
side anastomosis, which also improves the blood 
supply to the pelvis, provided retrograde perfusion 
into the internal iliac artery is possible, or made 
possible by thromboendarterectomy of the exter
nal and internal arteries. 

The operative technique must insure the utmost 
care. Brisk dissection of the vessels and extensive 
manipulation of an abdominal aortic aneurysm in
crease the risk of embolization not only into the 
periphery, but also into the area supplied by the 
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Fig. 10.4.5. Aortobifemoral bypass with proximal end
to-end anastomosis 

internal iliac artery. That is why the vessel should 
be occluded distally by a nontraumatizing clamp 
as early as possible. 

Furthermore, intraoperative formation of 
thrombi due to stagnation of blood flow within 
the clamped internal iliac artery must be prevented 
by the administration of heparin. Finally, before 
final suturing of the anastomosis or vessel, it is 
advisable to "flush" all vascular segments with 
saline solution to remove all clots and atheroma
tous fragments [2]. 

H. Retromesenteric Approach 
to the Aortic Bifurcation Preserving 
the Hypogastric Plexus 

Avoiding Neurologically Caused Sexual Disorders 

I. Approach from the Left (Transperitoneal) 

When pulling the sigmoid colon with its mesentery 
ventrally and cranially, there is traction on the 
junction of the mesenteric and the parietal peri to-

neum. Here, at the level of the recessus intersig
moideous, the peritoneum is incised medially as 
far as the left ureter. Then the arteries of the sig
moid colon and rectum, together with the hypo
gastric plexus, are lifted up in an arch by gradual 
traction on the sigmoid colon. This arch, consist
ing of vessels and nerves, extends between the ori
gin of the inferior mesenteric artery and the poste
rior wall of the rectum and can now be tunneled 
in a transverse direction from left to right, expos
ing the area of the bifurcation without injury of 
the plexus (Fig. 10.4.1 and 10.4.2). 

II. Approach from the Right (Transperitoneal) 

For exposure of the hypogastric plexus from the 
right, one only divides the peritoneum medially 
from the right ureter across the right common and 
external iliac arteries and feels one's way carefully 
beneath the peritoneum along the common iliac 
artery medially and cranially until the right border 
of the plexus or its right lumbar branch is clearly 
felt. From there, the plexus, together with the su
perior rectal artery, may be lifted off the base. 
Using this technique, free access to the aortic bi
furcation is provided from the right side without 
injury to sympathetic tissue. 

III. Retroperitoneal-Retromesenteric Approach 

The retroperitoneal approach to the terminal aorta 
also makes it possible to spare the superior hypo
gastric plexus by lifting it off the aortic bifurcation 
and carefully pushing away the peritoneal sac. 
However, this procedure is more difficult to per
form and allows exposure of only a short segment 
of the aortoiliac junction since the segment is re
stricted cranially by the lumbar root of the plexus 
which extends toward the front. 

All these procedures are carried out, of course, 
without any regard for the fine fibers leading cau
dally to the neural band of the pelvic plexus, which 
are obviously of no importance for the problems 
under consideration here. 

In the approach to the terminal aorta special 
attention must be paid to both major lumbar roots 
of the superior hypogastric plexus, which are clear
ly visible lateral to the aorta at the level of the 
inferior mesenteric artery. Cranial to the origin 
of the inferior mesenteric artery the intermesenter-
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Fig. 10.4.6 Fig. 10.4.7 

ic segment of the aorta is more easily accessed 
with regard to the aortic plexus, as the descending 
longitudinal fibers of the solar plexus can easily 
be pushed aside. 

When implanting a bifurcation prosthesis or an 
aortoiliac or aortofemoral bypass, one should al
ways place the proximal anastomosis as far cra
nially as possible, above the origin of the inferior 
mesenteric artery. Here, in front of the aorta and 
between the important roots of the hypogastric 
plexus, there are only a few insignificant fibers of 
that plexus. Nevertheless, cranial to the inferior 
mesenteric artery, one should follow the principle 
that unnecessary dissection of tissue covering the 
aorta should be avoided. 

Using the above-described approaches to the 
iliac vessels, it is also possible to anastomose the 
distal branches of the bypass prosthesis without 
injury to autonomous tissue. 

By the retromesenteric approach, all forms of 
endarterectomy, with or without patch graft an
gioplasty, are quite feasible in the region of the 
pelvic vessels as well as that of the bifurcation 
and to just below the origin of the inferior mesen
teric artery. 

Obviously, our effort to save the sympathetic 
plexus and to maintain the flow within the iliac 
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Fig. 10.4.8 

Fig. 10.4.6. Aortic aneurysm. Relation to the superior 
hypogastric plexus. Sparing the plexus by a right para
median incision 

Fig. 10.4.7. Interposition of a prosthesis following resec
tion of the aneurysm saving the hypogastric plexus. The 
origin of the inferior mesenteric artery is sutured from 
inside 

Fig. 10.4.8. Interposition of a Y-prosthesis following re
section of the aneurysm. Both branches of the prosthesis 
are pulled through the intact iliac arteries and anasto
mosed end-to-end distally 

arteries can only be effective during an elective 
(planned) surgical intervention. In case of a rup
tured aortic aneurysm, quick cross-clamping of the 
aorta will be necessary for obvious reasons, not
withstanding the considerations discussed above. 
Consequently, impairment of sexual potency fol
lowing resection of aneurysms is encountered in 
a very high percentage of cases. 

In cases of elective rather than emergency oper
ations on aortic aneurysms, such sequelae can be 
avoided by various measures. In order to avoid 
vessel embolization from an aneurysmal sac, it is 
advisable to cross-clamp both common iliac arter
ies before manipulating the aneurysm and placing 
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the proximal clamp. Then after incision of the peri
toneum, the preaortic plexus and its distal continu
ation, together with the inferior mesenteric artery 
and its branches, are drawn up in an arch, provid
ing good exposure of the aortic bifurcation. Dorsal 
to the plexus, one can now expose the sac of the 
aneurysm without danger, dissecting upward to 
just below the origin of the inferior mesenteric ar
tery, where both lumbar roots of the hypogastric 
plexus pass in front of the aorta. Only cranial to 
these roots further exposure of the aneurysm in 
the midline is possible. After carefully pushing the 
preaortic fibers of the plexus aside, the incision 
of the aorta is carried out, but only on the right 
anterior side (Fig. 10.4.6), as it is essential that the 
extraordinarily dense neural network at the origin 
of the inferior mesenteric artery be spared. Follow
ing incision of the aneurysm, the ostium of the 
inferior mesenteric artery is sutured from inside. 

In no case, however, should one attempt to re
sect the aneurysmal sac. This remains in situ and 
is sewn together over the implanted prosthesis 
(Fig. 10.4.7). If the aneurysm includes the iliac ar
teries, the branches of the prosthesis can be pulled 
through the uncut iliacal aneurysmal sacs and an
astomosed distal to the terminations of the sacs 
(Fig. 10.4.8). 

I. Summary 

The recognition of disorders of male potentia 
coeundi and generandi is gaining increasing signifi
cance. Among the long list of organic causes of 
sexual impairment, several are of special interest 
for vascular surgery. Primary impairment of sex
ual potency is found mostly in generalized arte
riosclerosis and is operatively correctable only to 
a very limited degree. In contrast, isolated occlu
sive processes in the region of the iliac vessels, 
and especially in the area supplied by the internal 
iliac artery, can now be corrected surgically. Be
sides measures for the restoration of sufficient flow 
within the internal iliac artery, microsurgical tech
niques for revascularization of the corpus caverno
sum have also been reported in the last few years 
[19,20]. 

Impairment of sexual potency occurring after 
operations in the aortoiliac region has been known 
for a long time, but without consequences. This 
fact may be due to the special problem of taking 
the patient's intimate history. Using modern non-

invasive methods of measurement, however, it is 
possible to document erectility clearly. This in turn 
makes it possible to determine whether the dis
order is psychogenic and to evaluate the surgical 
result through pre- and postoperative measure
ment of blood flow. 

When performing vascular surgery in the pelvic 
region, besides the primary goal of improving 
blood flow to the extremities, one should also aim 
at preserving normal hemodynamics in the vascu
lar region supplied by the internal iliac artery. It 
is possible to correct or to avoid impairment of 
sexual function of hemodynamic origin in a high 
percentage of cases by an exact assessment of the 
angiographic findings and by appropriate plan
ning of operative strategy. 

In contrast to hemodynamic-vascular causes, 
postoperative sexual dysfunction resulting from 
neurologic damage is irreversible. It is particularly 
important to bear this in mind during retroperito
neal lymphadenectomy, anterior spondylodesis, 
and interventions in the aortoiliac region, where 
injury to the sympathetic tissue is to be expected. 
Using the retromesenteric approach to the aortic 
bifurcation, the preaortic sympathetic nervous tis
sue can be carefully lifted and pushed aside. This 
enables us to minimize the occurrence of ejacula
tive disorders. 
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Arteriosclerosis of the coronary, cerebral, or pe
ripheral vessels is one of the most frequent causes 
of increased peri operative morbidity and mortality 
in Western Europe and North America. The exact 
cause of arterial occlusive disease still remains un
clear. However, there is no doubt that certain risk 
factors are of decisive significance for the develop
ment and progression of the underlying disease 
(see Table 11.1). 

Table 11.1. Classical risk factors 

Age 
Sex 
Hypertension 
Hyperlipoproteinemia 
Excessive cigarette smoking 

Diabetes mellitus 
Obesity 
Hyperuricemia 
Inactivity and 
genetic factors 

In patients undergoing vascular procedures, of
ten the biologic age does not correspond with the 
actual age. The multiple concomitant diseases of 
these patients with impaired organ function are 
considered to be the result of the effective risk 
factors. 

Exact preoperative knowledge of circulatory 
conditions during the preoperative anesthesiologic 
evaluation and therapy of correctable abnormali
ties significantly determine the operative success. 

B. Preoperative Evaluation 
and Assessment of Risk 

I. Coronary Artery Disease 

Coronary artery disease represents a clinical syn
drome consisting of angina, coronary insuffi
ciency, and myocardial infarction. Among the sig
nificant sequelae and complications are congestive 
heart failure, dysfunction of the papillary muscle, 
ventricular aneurysm, arrhythmia, and sudden 
cardiac death. 

The peri operative mortality in patients with 
coronary artery disease is increased two- to three
fold. Patients with coronary artery disease are 
especially sensitive to peri operative myocardial 
ischemia. Events during the anesthesia may induce 
myocardial ischemia by an imbalance between ox
ygen supply and oxygen consumption of the myo
cardium. 

For patients undergoing vascular surgery the 
evaluation of cardiovascular disorders is crucial 
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as it may allow conclusions to be drawn regarding 
impairment of myocardial function and thereby 
provide a basis on which to decide whether cardiac 
functional capacity can be improved by preopera
tive drug therapy. The indication for invasive 
monitoring is a result of the preoperative collec
tion of findings and the diagnosis of preexisting 
diseases. Furthermore, asymptomatic patients may 
already show a significantly reduced cardiac re
serve. 

Coronary artery disease must be assumed, even 
when no clinical symptoms are present and only 
predisposing factors are found. Smokers have a 
twofold risk of cardiac complications. The combi
nation of smoking and hypertension results in a 
fourfold increased risk, and combination of smok
ing, hypertension, and hyperlipoproteinemia pro
duces an eightfold increase [8]. The diagnosis of 
coronary artery disease is based on the history of 
angina or electrocardiographic verification of the 
myocardial ischemia. Angina is often described as 
a painful retrosternal sensation or pressure. Atten
tion should be paid to the frequency and the dura
tion of the attacks. Patients with unstable angina 
and impaired exercise tolerance may have the same 
operative risk as patients with acute infarction. 
Possible concomitant coronary artery disease may 
be missed owing to the clinically dominating symp
toms of peripheral vascular disease, including in
termittent claudication and the pain related to 
ischemia. 

The risk of cardiac infarction is in close correla
tion with the pathologic changes of the ECG, ac
cording to the Framingham study. The signs of 
left ventricular hypertrophy are present prior to 
cardiovascular death in 45% of cases and mean 
more than a tenfold risk of sudden cardiac death. 
Premature ventricular contractions are often the 
cause of a sudden cardiac death when left ventricu
lar dysfunction is present. It should be treated be
fore surgical intervention whenever possible. 

The final diagnosis of latent coronary insuffi
ciency is made by the treadmill ECG. Despite se
vere changes of the coronary arteries, the resting 
ECG is normal in 50% of cases. The ischemic 
changes are mostly found in leads V4-V6. Here, 
a depression of the ST segment by 0.1 m V is con
sidered as a direct indication of myocardial isch
emia. But even here the proportion of false-nega
tive findings is still 20-30% [28]. A persistent angi
na following myocardial infarction increases the 
postoperative morbidity and mortality two- to 
fourfold. Changes of the left ventricular wall, e.g., 
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agenesia and dyskinesia, are often found in pa~ 
tients with coronary artery disease by means of 
ventriculography or noninvasive techniques such 
as ultrasound. 

Patients with coronary artery disease show an
other peculiarity. They have a diminished regula
tion of blood volume and often show a deficit of 
plasma volume, despite normal red cell volume. 
Consequently, these patients present with a rela
tively high hemoglobin level while the circulating 
plasma volume is reduced. The high concentration 
of hemoglobin is merely a result of a so-called 
"hypovolemic" hemoconcentration. Therefore, 
during peri operative fluid therapy a rapid drop 
in hemoglobin and hematocrit levels is frequently 
observed, making careful control of these two pa
rameters mandatory. 

Improvements in anesthesia reduced the inci
dence of reinfarction from almost 100% in 1962, 
to 6% in 1978 [8,29]. However, when an operation 
is performed within the first 3 months after an 
infarction, the incidence of reinfarction is 36%; 
if the operation comes 4-6 months afterward, the 
incidence is 26%. In a study by RAO, these rates 
of infarction were decreased by invasive cardiac 
monitoring from 36% down to 5.7% and from 
26% to 2.3%, respectively [23]. The long-term 
prognosis for patients with concomitant disease 
such as arterial hypertension, arrhythmias, or tem
porary renal failure is poor. 

ll. Arterial Hypertension 

In a high percentage of patients (up to 60% of 
surgical patients) a severe arterial hypertension is 
found with values greater than 180/100 mmHg, a 
diastolic pressure over 100 mmHg being the de
cisive pathologic parameter. Slight hypertension, 
with diastolic values between 90 and 100 mmHg 
without signs of cardiac, renal, or cerebrovascular 
involvement, does not seem to increase the fre
quency of postoperative complications following 
surgical intervention. The frequency of cardiovas
cular complications is proportional to the degree 
of hypertension [5, 23]. The diagnosis of hyper ten
sion is missed in 50% of patients; 50% of the 
diagnosed patients are not treated, and 50% of 
the treated patients are given inadequate treat
ment. Arterial hypertension in patients with vascu
lar disorders is only one factor in the increased 
mortality in this group of patients. Myocardial in
farction determines the degree of this complication 
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in hypertensive patients. An analysis of the factors 
leading to mortality reveals a high incidence of 
myocardial infarction, about 60%. Some 30%-
40% of patients die of cerebrovascular complica
tions and 10% from other causes [5]. 

The cardiac complications of arterial hyperten
sion are coronary artery disease and left ventricu
lar hypertrophy. The cerebral complications of ar
terial hypertension include transient ischemic at
tacks and frank strokes. An impairment of renal 
function may also be caused by hypertension. For 
the diagnosis of these manifestations, urea and cre
atinine concentrations must be measured. How
ever, significantly elevated values will be found 
only if the impairment of the function is about 
70%. Serum electrolyte, urea, and creatinine 
should therefore be measured, together with the 
creatinine clearance. Furthermore, careful analyses 
of the urine are necessary, and attention must be 
paid to an elevation of serum proteins in the urine. 

Some 90% of hypertensive patients are suffer
ing from primary, or essential, hypertension. One 
should always attempt to evaluate the cause of 
the hypertension. Renal or possible endocrine 
causes should be eliminated. The treatment of arte
rial hypertension possibly increases life expectancy 
and reduces the rate of cardiac, cerebrovascular, 
and renal complications. Exact knowledge of the 
pharmacology of antihypertensive drugs is neces
sary, as some drugs, e.g., the thiazides, may cause 
hyperuricemia and hyperglycemia. Withdrawal of 
antihypertensive drugs may cause a severe hyper
tensive crisis. Therefore, it is necessary to continue 
administering them until the day of the operation 
[21]. 

Also, the sudden withdrawal of beta-blockers 
as antihypertensive drugs may aggravate angina. 
Investigations of beta-blockers and their with
drawal24-48 h before the operation showed circu
latory instability and increased risk of arrhythmias 
and hypertensive crisis [26]. Continuation of ther
apy with beta-blockers is therefore indicated in pa
tients with vascular disease [14, 15]. These sub
stances exert a protective effect on the myocar
dium by decreasing the heart rate as well as the 
arterial pressure. In animal experiments, they re
duced the degree of ischemic damage following 
coronary artery occlusion [17], and they should 
also reduce the negative inotropic effect of anes
thetics on the myocardium in humans [8]. 
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ill. Congestive Heart Failure 

The diagnosis and treatment of congestive heart 
failure is necessary before an elective surgical 
intervention, as failure of the right or left ventricle 
during surgery represents a severe complication. 
According to some authors [8] preoperative ad
ministration of digitalis may reduce the negative 
inotropic effect of anesthetics on the myocardium. 
However, it should be noted that for some authors 
perioperative application of digitalis is justified 
only in the presence of congestive heart failure and 
atrial fibrillation or atrial flutter [28]. Preoperative 
digitalization may reduce the tendency to arrhyth
mias, especially fast supraventricular arrhythmias 
[20]. Other authors have found an unchanged -
or even an increased - incidence of arrhythmias 
[5]. The risk of digitalis-induced arrhythmias is 
increased in the presence of electrolyte disorders 
or metabolic alkalosis. Therefore, digitalis should 
be used only in cases of clinically manifest conges
tive heart failure, until the evening prior to the 
operation. Routine administration of digitalis be
fore operations, especially before major abdominal 
or intrathoracic procedures must be viewed criti
cally. Digitalis is not used for compensation of 
the negative inotropic effects of anesthetics. 

IV. Cerebrovascular Diseases 

Evaluation should be performed carefully to detect 
possible events with transient neurologic function
al defects. Transient ischemic attacks are often of 
short duration. In case of stenoses of carotid artery 
segments, short hemipareses are noted, often to
gether with a hemianopia. In cases of stenoses of 
segments of the vertebral artery, the most frequent 
clinical symptoms are attacks of vertigo and a re
peated tendency to fall. 

During a longer sustained hypertensive phase, 
a cerebrovascular accident may occur intraopera
tively [13]. Besides postoperatively occurring myo
cardial infarction the postoperative stroke has a 
high mortality of 50% [22]. The mortality in pa
tients with preexisting cerebrovascular diseases un
dergoing surgical procedures of the coronaries is 
relatively high. The incidence of cardiac and cere
brovascular complications can be minimized by 
performing the procedure on the coronaries and 
the endarterectomy of the carotid artery simulta
neously [22]. This should be taken into considera
tion in patients with preexisting cerebrovascular 
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diseases and with correctable coronary artery sten
oses. 

V. Assessment of Risk 

Careful preoperative evaluation enables one not 
only to confinn the diagnosis, but also to deter
mine the severity and degree of preexisting cardio
vascular disease with respect to the increased peri
operative morbidity and mortality. Table 11.2 
shows a point system for determination of post
operative cardiac complications according to 
GOLDMAN [11]. It allows preoperative computa
tion of risk for noncardiovascular operative proce
dures. These playa significant role in the safe man
agement of patients with coronary artery disease 
and arterial hypertension. The possible hazards of 
a blockade of p-receptors, however, should not 
be ignored. In patients with congestive heart fail
ure arterioventricular conduction defects, asthma, 
or ~nemia, beta-blocker therapy is indicated. 

Occasional bradycardia following withdrawal 
of neuromuscular blockade by neostigmine has 
been noticed in patients on long-term medication 
[8]. 

Table 11.2. Preoperative computation of cardiac risk ac
cording to GOLDMAN [11] 

Criteria Point 
scale 

i. History 
1. Age more than 70 years 5 
2. Myocardial infarction within the last 10 

half year 

2. Physical examination 
1. Gallop rhythm 11 
2. Aortic stenosis 3 

3. EeG 
1. Rhythm other than sinus 7 
2. More than five premature ventricular 7 

contractions (time?) 

4. General laboratory evaluation 
p02 < 60 mm Hg, pCOz > 50 ~ Hg, 3 
Potassium 3.0, HC03 < 20 meqmv./I, 
BUN> 50 or creatinine> 3.0 mlldl, 
abnormal SGOT, chronic liver disease 

5. Operation 
1. Intraperitoneal, intrathoracic procedure 3 
2 .. Emergency procedure 4 
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Table 11.3. Multifactorial risk index affecting periopera
tive cardiac complications 

Class Points Minor or Life-threaten- Cardiac 
no com- ingcom- causes 
plications plications of death 
(%) (%) (%) 

I 0-5 532 (99) 4 (0.7) 1 (0.2) 
II 6-12 295 (93) 16 (5) 5 (2) 

III 13-25 112 (86) 15 (11) 3 (2) 
IV 25 4 (22) 4 (22) 10 (56) 

The high incidence of life-threatening complica
tions during anesthesia in patients with cardiovas
cular diseases is shown in Table 11.3. It often 
seems that anesthesia itself and the immediate 
postoperative phase are without problems. The 
major cardiac complications usually do not occur 
in the early postoperative phase. Besides a thor
ough evaluation prior to surgery, with appropriate 
preparation and careful intraoperative monitor
ing, patients must also be closely monitored in the 
postoperative phase in order to reduce the number 
and severity of cardiac complications. 

C. Effect of Anesthetics on Circulation 

There are numerous studies of the influences of 
anesthetics on the heart and circulation [3]. When 
analyzing these data, the following points should 
be taken into consideration. There is interaction 
between the drugs and the anesthetics used. Addi
tive and potentiating effects, but also counteract
ing effects are possible. However, it must be 
pointed out that the individual patient may have 
a peculiar sensitivity to the various anesthetics and 
their cardiovascular effects. Therefore, careful su
pervision of the fluid status, the age, and the de
gree of underlying concomitant diseases is of ut
most importance for selection of the correct anes
thetic in the properly reduced dosage. 

In principle, dose-dependent volatile anesthet
ics as well as drugs used for intravenous induction 
of anesthesia reduce the contractility of the heart. 
Some directly affect the vessels regulating resis
tance and capacity or change the response of those 
vessels to adrenergic stimuli. Comparing volatile 
anesthetics with intravenous ones, it seems evident 
that the fonner may be better controlled; on the 
other hand, intravenous anesthetics offer more 
protection against operative stress. 
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Barbiturates used for induction of anesthesia 
cause a marked reduction of contractility and fill
ing pressures and, overall, diminished oxygen con
sumption by the heart. The application of fentanyl 
alone to induce anesthesia is not justified. The 
combination of fentanyl with, e.g., diazepam for 
induction, has attracted wide interest. Sufficient 
analgesia, combined with a slight reduction of ar
terial pressure, heart minute volume, and filling 
pressures is considered favorable. 

Among the numerous anesthetics for induction, 
etomidate has the least influence on the cardiovas
cular system. In vascular surgery, it is predomi
nantly volatile anesthetics that are used for 
continuing anesthesia. Through the combination 
of small amounts of analgesics (e.g., fentanyl) and 
volatile anesthetics like enflurane, halothane, and 
isoflurane, adequate protection against sympathi
coadrenergic reactions and an appropriate depth 
of anesthesia can be sustained [7]. Reduced myo
cardial oxygen consumption at an appropriate 
dosage and an increase in the coronary reserve 
speak in favor of volatile anesthetics. On the other 
hand, in critical situations (massive blood loss) the 
additive effect of diminished contractility owing 
to hypovolemia as well as to the anesthetics must 
be taken into consideration. The volatile anesthet
ics rapidly cause a significant, but reversible myo
cardial depression in critical situations. Animal ex
periments have shown that the degree of severe 
ischemic damage may be reduced by the use of 
inhalation anesthetics. All volatile anesthetics 
cause a dose-dependent reduction of cardiac out
put. The increased dilatation of arterioles and the 
reduced tendency to arrhythmia with enflurane 
and isoflurane are considered to be an advantage. 
By comparison, intraoperatively administered an
algesics such as fentanyl and morphine have a min
imal effect on left ventricular function. The ability 
of the various analgesics to depress contractility 
is listed in Table 11.4. 

However, inhalation anesthetics are considera
bly easier to handle from the point of view of their 
control. Morphine is used at a dose of 0.5-3 mg 
per kilogram body weight when left ventricular 
function is impaired. Fentanyl, at a dose of 
0.001~.007 mg per kilogram body weight, shows 
a minimal influence on circulation with adequate 
protection against adrenergic stimuli. Postopera
tive analgesia is provided by intravenous anesthet
ics during the immediate postoperative phase. In 
contrast, inhalation anesthetics wear off rapidly, 
so that one has to change to intravenous analgesic 

195 

Table 11.4. Determinants of myocardial oxygen supply 
and of myocardial oxygen consumption 

Myocardial oxygen supply 

Coronary perfusion 
pressure 

Coronary vascular 
resistance 

Oxygen content: Hb 

pa02 

Sa02 

Myocardial oxygen 
consumption 

Myocardial contractility 

Left ventricular wall ten
sion 

Heart rate 

Afterload 

therapy with possible negative side effects. But this 
leads to problems if it becomes necessary to use 
naxolone to antagonize the intravenous analgesics, 
as naxolone can cause pulmonary edema in the 
presence of heart failure. 

D. Anesthesia in Patients with 
Coronary Artery Disease 

In order to minimize risk, anesthetic technique 
must aim at minimal impairment of ventricular 
function and the prevention of myocardial isch
emia. In the presence of coronary artery disease, 
a more extensive collection of data is necessary. 
Besides the patient's clinical tolerance of stress, 
exact data should be obtained concerning recent 
heart attacks as a clear correlation between recent 
heart attack and peri operative mortality has been 
found [11, 23]. Moreover, the current medication 
and the effectiveness of the therapy should be 
checked. Based upon the preoperative findings, a 
clinical classification of patients is possible. Pa
tients with coronary artery disease are then classi
fied primarily into two categories. 

1. Patients with signs and symptoms of coronary 
artery disease and good left ventricular function 
at rest 

2. Patients with signs and symptoms of coronary 
artery disease and diminished left ventricular 
function under exercise 

This classification is clinically valid. The signifi
cant difference between the two groups of patients 
is their different tolerance to stress. Both groups 
show adequate left ventricular function at rest. 
Some of these patients will suffer from angina, 
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Table 11.5. Possible indications and contraindications 
for regional anesthesia 

i. Indicationfor regional anesthesia 
1. Urgent operative procedures in patients who are 

not n.p.o. 
2. Metabolic disorders, liver and renal diseases 
3. Diabetes mellitus 
4. Significant impairment of pulmonary function 

2. Relative indication 
1. Heart failure and cardiovascular diseases 
2. Cerebrovascular diseases 

3. Absolute contraindication 
1. Noncooperative patients 
2. Anesthesiologist's lack of experience in the use 

of regional anesthesia and in coping with unfore
seen incidents 

3. Hypovolemia 
4. Clotting disorders 
5. Infection at the site of puncture 
6. Allergy to local anesthetics 

4. Relative contraindications 
1. Severe general infection 
2. Neurologic diseases 
3. Certain concomitant diseases (severe hyperten

sion and use of spinal or peridural anesthesia) 
4. Heart failure, cardiovascular disease, and preex

isting cerebrovascular disease 

Table 11.6. Relative ability of various analgesics to de
press contractility according to STRADER [28] 

Morphine 
Fentanyl 
Piritramide 

Equianalgesic 
doses 

(mg) Ability 

10 1 
0.1-Q.2 50-100 
5-10 1-2 

Pentazocine 30 0.3 
Meperidine 70 0.1-Q.2 
Tilidine 100 0.1-Q.4 

Blood con
centrations 
resulting in 
a 50% -de
pression of 
contractility 
(Ilg/ml) 

2000 
50-100 
1000 
50 
100 
400 

Relative 
ability to 
depress 
contrac
tility 

1 
2-4 
1-2 
100-200 
100-200 
10-50 

a long-lasting hypertension, but without signs of 
chronic impairment of left ventricular function. 
Only under exercise can diminished cardiac output 
be noticed [4]. 

Keeping a balance between myocardial oxygen 
supply and oxygen consumption in order to pre
vent myocardial ischemia is the essential aim of 
safe and careful anesthesiologic technique. 
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In Table 11.5, the essential determinants of 
myocardial oxygen supply and oxygen consump
tion are shown. This balance can be kept by avoid
ing hypotension, hypertension, and hypoxia and 
by drug control of the determinants of myocardial 
oxygen consumption (heart rate, preload, after
load, contractility). Heart rate and diastolic filling 
seem to playa major role. Numerous investigators 
have shown that myocardial oxygen consumption 
per heart beat remains constant within the physio
logic range during unaltered preload and after
load. 

The deleterious effect of tachycardia derives 
from the reduced filling time during diastole and 
the diminished diastolic coronary perfusion time. 
An increased preload not only increases myocar
dial oxygen consumption, but also worsenes perfu
sion of the endocardial and subendocardial layers. 
Myocardial ischemia can be avoided by the precise 
use of drugs to influence the determinants of in
creased myocardial oxygen consumption. 

As mentioned earlier, medical therapy already 
underway preoperatively should be continued un
til the time of the operation as many of the drugs 
are also used intraoperatively. To avoid myocar
dial ischemia, a sufficiently deep phase of anesthe
sia with stable hemodynamics should be attempt
ed. Today, there are no data proving that certain 
anesthetics or anesthesiological techniques are pre
ferred in patients with cardiovascular diseases. 
Therefore, it is not possible to recommend any 
particular anesthesiological procedure as being 
suitable for all patients undergoing vascular sur
gery. When choosing the type of anesthesia for 
an elective operative procedure some important 
criteria have to be considered: 

1. Type and localization of the procedure 
2. Current general condition of the patient 
3. Urgency of the operation 
4. Necessity of postoperative analgesic therapy 

For a number of operations in vascular surgery 
regional anesthesiological techniques in the lower 
extremity and the lower abdomen seem to have 
advantages (only slight impairment of the vital 
functions such as respiration, consciousness, and 
circulation: effective intraoperative blockade of 
pain, early mobilization of the patient, improve
ment of regional blood flow). The list of indica
tions and contraindications of regional anesthesia 
is given in Table 11.6. 

Bearing in mind that patients undergoing vas
cular surgery present with significant concomitant 
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diseases and advanced age, the indication for re
gional anesthesia seems to be limited. Especially 
with spinal anesthesia, patients with chronic 
isotonic dehydration will be subject to a dangerous 
drop in blood pressure and cardiac output, owing 
to the diminished peripheral resistance that results 
from the regional blockade. The occurrence of an
gina attacks and ventricular fibrillation as a result 
of myocardial ischemia has been described. In this 
group of patients, therefore, one must proceed 
cautiously and critically when deciding whether re
gional anesthesia is indicated. So far, there is no 
clinical study confirming that mortality has been 
reduced by regional procedures such as spinal an
esthesia and peridural anesthesia as compared 
with general anesthesia. 

E. Monitoring 

In general, when supervising these patient groups, 
the cardiovascular system is of primary impor
tance because of the presence of concomitant dis
ease. The only currently available clinical noninva
sive method for the detection of ischemia is the 
use of the II of V 5 recording of the ECG. Timely 
detection and direct therapy are at the center of 
the anesthesiologist's efforts. However, it should 
be pointed out that ST changes in the ECG repre
sent relatively late signs of myocardial ischemia. 

The effects of ischemia on the left ventricular 
function are shown in Fig. 11.1. 

Based on these facts, the filling pressures of 
the heart are of special importance. Preoperatively 
determined values prior to elective surgery may 
be used as guidelines for intraoperative monitor
ing. Therefore, during major vascular surgery, it 
is advisable to measure not only right ventricular 
filling pressure (CVP), but also left ventricular fill
ing pressure by means of a Swan-Ganz catheter 
since significant myocardial stress has to be ex
pected in the operative procedure (clamping, de
clamping). Another possibility for detection and 
assessment of the actual hemodynamic situation 
is to draw so-called curves of ventricular function. 
If one relates the left ventricular ejection capacity, 
measured as heart index, to the left ventricular 
filling pressure, then an instantaneous Frank -
Starling curve is obtained. The determination of 
these curves for the measurement of myocardial 
tolerance to volume and for the control of therapy 
with vasodilators is of great importance for the 

Signs of left ventricular hypotension 

LVEDP 
Compliance 

Ischemia 
Early stage 
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Late stage 

Fig. 11.1. Time course of signs of left ventricular hypo
tension 

intraoperative monitoring of fluid therapy. The di
agnosis of a beginning left-sided heart failure can 
be obtained by the continuous recording of the 
pulmonary capillary wedge pressure, and therapy 
can be initiated early. Therapy in high-risk pa
tients is optimized by extended monitoring. Sever
al drugs are available. Mainly vasodilators and cal
cium antagonists are used. Sodium nitroprusside 
and nitroglycerin are the most frequently used 
drugs for the treatment of hypertensive crisis with 
increased left ventricular filling pressures. 

F. Anesthesia for Operative 
Procedures in the Aorta 

I. Physiologic Changes 

Myocardial infarction, renal failure, and stroke are 
the major causes of postoperative morbidity and 
mortality in patients undergoing operations on the 
aorta. Stable circulation, controlled fluid therapy, 
adequate depth of anesthesia, and the control of 
renal function are the essential parameters of in
traoperative monitoring. The sudden increase of 
the peripheral resistance after clamping of the aor
ta causes a significant increase of the mean arterial 
pressure and an acute increase of the left ventricu
lar afterload with the risk of acute left-sided heart 
failure in patients with latent insufficiency. The 
increased left ventricular afterload leads to in
creased myocardial oxygen consumption. As a 
consequence of the functional deterioration of the 
left ventricle, there will be a drop in the heart in
dex. The pressures in the right ventricle remain 
almost unchanged [25]. An increase in oxygen 
consumption due to the increased left ventricular 
wall tension is added to the previously mentioned 
increase in the afterload. Following clamping of 
the aorta, arrhythmias and ST segment changes 
may occur as a result of myocardial ischemia [24]. 
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Table 11.7. Coping with ischemia during cross-clamping 
of the aorta 

Clinical causes and 
sequelae of ischemia 

Increased arterial 
blood pressure 

Increased heart rate 

Treatment 

1. Change of depth of 
anesthesia 

2. Vasodilators 
3. Beta-blockers 

1. Change of depth of 
anesthesia 

2. Fluid therapy 
3. Beta-blockers 

Increased CVP or PCWP 1. Vasodilators 

Hypotension 

Arrhythmia 

2. Volume restriction 
3. Diuretics 
4. Positive inotropic 

substances 

1. Change of depth of 
anesthesia 

2. Volume therapy 
3. Positive inotropic 

substances 
4. Volume restriction 
5. Vasopressors 

1. Change of depth of 
anesthesia 

2. Control of electrolytes 
3. Antiarrhythmic drugs 
4. Beta-blockers 
5. Calcium antagonists 

Various kinds of therapy for dealing with isch
emia are listed in Table 11.7. Vasodilators occupy 
a prominent position in the treatment of acute left
sided heart failure. As a result of the decrease in 
peripheral resistance, there will be a reduction of 
the afterload (decrease in mean aortic pressure), 
a drop in left ventricular and diastolic pressure, 
and an increase in stroke volume. 

Vasodilators that have proven effective for such 
therapy include: sodium nitroprusside, nitroglyc
erin, hydralazine, aminophylline, and urapidil. Ni
troglycerin is preferred because of its great thera
peutic range. Infusion of nitroglycerin normalizes 
pulmonary capillary wedge pressure, which should 
be adjusted to the preoperatively determined 
value. Overall, the balance between oxygen supply 
and oxygen consumption is considerably in
fluenced by the reduction of the preload and after
load. 

Furthermore, occlusion of the aorta causes a 
decrease of renal blood flow and a shunting of 
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intrarenal blood flow from the cortex to the outer 
medulla. It is unclear whether a beginning tubular 
necrosis can be controlled by the application of 
mannitol. The prophylactic application of hyper
osmolar solutions and diuretics before clamping 
is handled differently in different institutions. 

Reopening of the peripheral arterial vascular 
bed often leads to significant hypotension - de
scribed as declamping shock - which is the result 
of either a relative hypovolemia or an impaired 
arteriovenous compliance of the vascular system 
as a result of local acidosis [19, 24]. Also there 
is a release of vasoactive substances such as bra
dykinin, serotinin, and prostaglandins, which are 
seen as factors of declamping shock. The most 
frequent change is a pronounced metabolic acido
sis and a sometimes inadequate circulating blood 
volume. 

Increased hydrogen ion concentrations in the 
peripheral vascular bed prevent a vasoconstrictor 
response and cause dilatation of the peripheral 
vascular bed with resulting hypotension. It is un
clear to what extent factors are released from the 
peripheral vascular bed that have an immediate 
depressant effect on the myocardium. Persistent 
hypotension may lead to hypoxic myocardial fail
ure and to a permanently inadequate coronary 
perfusion. 

Acute hypotension can be prevented to some 
extent by gradual declamping of the aorta. Close 
cooperation between the surgeon and the anesthe
tist is necessary. The degree of the declamping syn
drome is diminished by careful monitoring, early 
correction of disturbances of the acid-base bal
ance, maintenance of an adequate circulating vol
ume, and possibly also by the use of vasopressor 
substances. An increase in load can be avoided 
by ascertaining the left ventricular filling pressures. 
Hemodilution leads to reduced blood viscosity and 
improved microcirculation in arteriosclerosis. An
other aim is the maintenance of renal function by 
an adequate blood volume. Any temporary change 
in the renal blood flow may cause parenchymal 
damage with possible necrosis of the cortex. Two 
aspects are important in the maintenance of renal 
function: the maintenance of an adequately circu
lating blood volume, and the possibility of sup
pressing sympathetic adrenergic activity and the 
resultant release of hormones. Increased sympa
thetic adrenergic activity releases the antidiuretic 
hormone ADH. It is controversial to what extent 
a thoracic epidural blockade can stabilize the renal 
function. 
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ll. Anestbesiologic Procedures 

Operations on the aorta may be performed elec
tively or in response to a life-threatening emergen
cy. The following approach is recommended for 
elective cases: 

1. ECG monitoring 
2. Large intravenous catheters for fluid therapy 
3. Continuous recording of arterial blood pressure 

via the radial artery 
4. Central venous catheter 
5. Possibly Swan-Ganz catheter 
6. Foley catheter for recording urinary output 
7. Nasogastric tube 

Furthermore, a sufficient number of blood units 
should be in reserve in case a massive transfusion 
becomes necessary. 

1. Procedures in Case of a Ruptured Aneurysm 

Patients with a penetrating or ruptured aneurysm 
are extremely hypovolemic, have often had a long 
trip to the hospital, and present with the clinical 
signs of hemorrhagic shock with early symptoms 
of acute respiratory insufficiency. 

Basic laboratory testing must be done as quick
ly as possible. All venous and arterial catheters 
should be inserted prior to local anesthesia. If pos
sible, a sufficient number of blood units, red blood 
cell concentrates, and fresh frozen plasma should 
be prepared. Blood volume should be restored be
fore anesthesia if at all possible. 

If this is impossible, the immediate surgical in
tervention is the only means of controlling massive 
bleeding. In case of penetrating aneurysms, induc
tion of anesthesia should be performed on the ta
ble after cleaning the patient's skin with antisep
tics. A sudden change in intra-abdominal pressure 
following relaxation, or as a result of pain relief, 
may result in a hazardous drop in blood pressure 
in the case of penetrating aneurysms. Retroperito
neal hematomas may induce ileus with the high 
risk of aspiration. The anesthesiologist should 
therefore employ the technique of ileus induction. 
Hypovolemia and diminished tissue perfusion lead 
to metabolic acidosis which must be corrected. 
When correcting acidosis one must be alert to the 
possibility of hypokalemia. By use of a cell saver 
(autotransfusion), massive transfusion of homolo
gous blood, with its complications, can be reduced. 

2. Procedure in Case of Dissecting Aneurysms 
of the Thoracic Aorta 
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In the majority of such cases primary treatment 
is conservative, using controlled hypotension. If 
surgical intervention is indicated, the duration of 
clamping is a decisive factor. If clamping time ex
ceeds 20 min, irreversible damage to the spinal 
cord (anterior spinal artery syndrome) or to the 
kidneys must be expected. In dealing with the ex
cessive increase in pressure produced by clamping 
the thoracic aorta, carefully controlled induced 
"hypotension" under sodium nitroprusside mini
mizes the risk of myocardial ischemia or damage 
to the cerebrum. Sodium nitroprusside [30] is the 
drug of choice because of the immediate onset of 
its effect and the good control; with nitroglycerine, 
our experience shows that an adequate pressure 
reduction during clamping of the thoracic aorta 
is much more difficult to achieve. Postoperative 
pain relief and adequate antihypertensive therapy 
may be achieved eventually by thoracic epidural 
anesthesia. 

G. Anesthesia for Acute Arterial 
Occlusions 

The cause of an acute occlusion is the detachment 
of a mural thrombus. Problems with anesthesia 
are the result of preexisting cardiovascular disease. 
The reactive increase in pressure following acute 
occlusion of the aortic bifurcation may cause in
creased myocardial oxygen consumption and left 
ventricular failure. Mter declamping, the usually 
uncorrected metabolic acidosis resulting from the 
occlusion may lead to irreversible hypotension. 
Correction of metabolis acidosis takes absolute 
priority in treatment. In all cases, electrolyte bal
ance must be monitored very carefully and neces
sary electrolytes must be substituted as a Tourni
quet syndrome may result if ischemia persists too 
long. The greatest danger is postischemic hyperka
lemia which may result in irreversible cardiac ar
rest. 

Close control of potassium, possibly glucose
insulin infusion and a gradual release of arterial 
blood flow should be performed as precautionary 
measures. Blood loss is usually not very marked; 
therefore, any attempt to correct hypotension by 
means of fluid therapy may cause iatrogenic left 
heart failure. Registration of central venous pres-
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sure seems to be necessary in patients with imped
ing left heart failure since under these circum
stances patients have pronounced dehydration. In 
vascular patients with apparent or suspected coro
nary artery disease, hematocrit should not be 
lower than about 35 g% and hemoglobin about 
12g%. 

In cases of occlusion of the mesenteric arteries, 
symptoms of bowel infarction or ileus are clinically 
predominant. 

This requires an anesthesiological procedure 
aimed primarily at preventing aspiration. How
ever, preparatory measures should be described in 
the preceding sections. 

H. Anesthesia in Cases 
of Venous Occlusion 

Iliofemoral thrombectomy is the emergency proce
dure for acute occlusion of the pelvic venous sys
tem. Surgical trauma during the operation is 
judged as minor; however, blood loss may be con
siderable. The danger of a pulmonary embolism 
as a result of dislodging a thrombus during surgi
cal dissection can be minimized by placing the pa
tient in the upright position and by artificial respi
ration with high positive end-expiratory pressure. 
The effects of high end-expiratory pressure on 
hemodynamics have to be considered (hypoten
sion, reduced blood flow to liver and kidneys). 
The recording of central venous pressure and the 
monitoring of respiratory pressure are therefore 
absolutely necessary for early detection of pulmo
nary embolism. Monitoring of the pulmonary arte
rial pressure represents an optimal procedure, but 
is not absolutely necessary. 

I. Anesthesia for Operative Procedures 
on the Carotid Artery 

I. Pathophysiologic Changes 

Stenoses of the carotid artery are usually found 
in the higher age groups, with males contributing 
over 80%. Owing to multiple medical problems, 
this group of patients shows an increased risk 
under anesthesia. Arterial hypertension with in
creased systolic pressure is a significant factor in 
the development of a CVA [1]. Neurologic deficits 
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will occur in 6%-8% of patients. The cause is the 
embolization of an atheromatous plaque during 
surgical dissection. Also, acute changes in arterial 
pressure are thought to be responsible for the de
gree of neurologic deficit [1]. If the patients are 
operated on within 1 month after an episode of 
cerebral ischemia and are still suffering partially 
from persisting neurologic deficits, the operative 
intervention carries a high risk of further worsen
ing of the neurologic deficit. Most patients under
going operative procedures on the carotid artery 
are older patients with generalized arterial disease. 
Owing to the arteriosclerotic changes of the vessel, 
the capability of the vascular system for autoregu
lation has ceased. Cerebral perfusion becomes de
pendent on the systemic pressure. Hypotension 
therefore limits oxygen supply to the cerebrum. 
Simultaneously, the risk of thrombosis with ob
struction of the intracranial vascular system may 
be increased by diminished blood velocity. Post
operative hypertension increases the risk of bleed
ing, which may result in cerebral infarction [9]. 
Hypertension with values over 200 mmHg is found 
in 33% of patients [1]. Some authors recommend 
the preoperative application of beta-blockers or 
calcium antagonists. The cause of intraoperative 
hypertension is unknown, but it seems to be the 
denervation of the carotid sinus [9]. Infiltration 
of the carotid sinus with 1 % lidocaine solution 
seems to influence not only hypertension and bra
dycardia, but also the incidence of postoperative 
hypertensive reactions. 

Sufficiently deep anesthesia may exert a protec
tive effect on healthy nervous cells by reducing 
oxygen consumption. The oxygen supply should 
therefore be adapted to the metabolic require
ments at all times. The application of 100% oxy
gen is not routinely necessary. Controlled artificial 
respiration guarantees sufficient oxygenation and 
the exact adjustment of CO2 pressure to preopera
tive values. During clamping of the carotid artery, 
oxygen supply is dependent on the effectiveness 
of intracranial collaterals [16]. The stump pressure 
of the internal carotid artery, which is the pressure, 
after clamping, distal to the clamp, may indicate 
a sufficient collateral blood supply, but is not an 
exact indicator of the collateral flow in the isch
emic area. Systemic arterial pressure, CO2 pres
sure, and anesthesia influence the relation of carot
id occlusion pressure and regional blood flow. The 
acceptable occlusion pressure is estimated at 
60 mmHg. Cerebral venous oxygen saturation 
seems to be a more precise parameter of the effec-



11 Anesthesia in Vascular Surgery 

tiveness of collateral blood supply, according to 
some authors. 

II. Oxygen Supply to the CNS 

For the preservation of autoregulation, arterial 
pressure should no doubt be kept within the physi
ologic range of each individual patient. A slight 
increase in pressure of 15%-20% of the basal 
value seems to be advantageous according to some 
authors [6]. It is not known to what extent induced 
hypertension will actually result in an improve
ment of the ischemic areas. Furthermore, vaso
pressor agents should be used only with the grea
test care in patients with coronary artery disease. 
A further improvement of perfusion seems to be 
possible by reducing blood viscosity. To what ex
tent the use of low molecular dextran improves 
oxygen supply within the damaged vascular area 
is not settled [9]. 

Hypercapnia increases cerebral blood flow. If 
the arterial CO2 pressure exceeds 45 mmHg, au
toregulation becomes impossible. An intracerebral 
steal phenomenon will occur within the ischemic 
area. In the damaged region, owing to the anerobic 
metabolism, there will be an increase of H ion 
concentration and of vasomotor paralysis with 
loss of reaction to changes in CO2 • There should 
be a shunting of blood flow into areas of lowest 
resistance. The degree of shunting depends on va
sodilation in the appropriate vascular bed, on the 
capacity of the collateral circulation, and possibly 
on increase of flow within other vessels. It is ques
tionable whether hyperventilation has a favorable 
effect on cerebral blood flow since cerebral areas 
damaged by ischemia lose their responsiveness to 
CO2 , resulting in further shunting by the intracere
bral steal phenomenon [2, 9]. 

Furthermore, as the intracranial volume in
creases, the capability of outer regulation of the 
vessels decreases and the occlusion pressures de
crease. The result is a reduced perfusion. In each 
case, it is not known how the vessels in the isch
emic area will react to changes in CO2 and to 
what extent reduction of CO2 partial pressure will 
decrease the global cerebral blood flow. 
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m. Anesthesiological Management 
for Operative Procedures on the Carotid Artery 

During anesthesia, oxygen consumption is re
duced. A further reduction in metabolism can be 
achieved by the use of barbiturates. It remains to 
be demonstrated, however, whether barbiturates 
effectively protect the cerebrum against ischemic 
damage. Reducing cerebral metabolism provides 
some protection against local ischemia; therefore, 
in many centers, a bolus of 4-5 mg/kg thiopental 
is given before clamping of the carotid artery [18]. 

It is still not clear which anesthetic is the most 
favorable for vascular procedures on the carotid 
artery. Halothane and enflurane cause cerebral va
sodilatation; the lower limit for perfusion of the 
hemispheres under normal ventilation is calculated 
to be 15-18 ml per 100 g per min. In most centers, 
small concentrations of halothane and enflurane, 
together with nitrous oxide oxygen is recom
mended. Also, on the application of fentanyl and 
dehydrobenzperidol, no significant increase in ce
rebral blood flow and in the occlusion pressure 
of the carotid artery was found. Anesthesiological 
management during thromboendarterectomy is 
summarized in Table 11.8. 

General anesthesia should provide sufficient 
protection by effective blockade of sensory and 
autonomic reflexes. Cardiovascular stability is the 
most important factor. Early postanesthetic recov-

Table 11.S. Anesthesiological management during 
thromboendarterectomy of the carotid artery 

Careful history 
1. Evaluation of risk factors 
2. Medical correction or continuation of antihyperten

sive beta-blocker or digitalis therapy 

Maintenance of cerebral perfusion 
1. Avoiding hypotension and bradycardia 
2. Normocapnia 
3. Application of shunt 

Monitoring 
1. ECG 
2. Arterial pressure, continuously 
3. EEG, when possible 
4. Occlusion pressure of the carotid artery 
5. (Cerebral blood flow and sensorially evoked poten

tials) 

Close postoperative monitoring 
1. Maintenance of normal blood pressure 
2. Free airways (rebleeding) 
3. Serial neurologic checks 
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ery is essential for immediate assessment of possi
ble neurologic changes. Local anesthesia for oper
ative procedures on the carotid artery is favored 
by some authors [31]. The theoretical advantages 
are minimal cardiac or respiratory impairment and 
immediate registration of neurologic change. 
Overall, however, general anesthesia seems to be 
more satisfactory because of the significant reduc
tion of stress that is achieved. A potential obstruc
tion of the airway owing to bleeding can be dealt 
with better under general anesthesia. 

The administration of 10000 units of heparin 
before clamping improves cerebral blood flow. In 
order to maintain a sufficient oxygen supply dur
ing clamping of the carotid artery, many surgeons 
insert shunts. Today, there is no clear criterion 
as to which patients require shunts. The measure
ment of the occlusion pressure of the carotid artery 
is not a reliable parameter. Measurement of the 
regional cerebral blood flow and that of the af
fected hemisphere or a complete EEG recording 
is necessary before a decision can be made regard
ing the use of shunt. Data obtained from various 
surgical centers show the same results both with 
and without routine use of a shunt. 

Also in doubt are attempts to reduce neurologic 
complications by giving 3 x 8 mg dexamethasone. 
At present there is no possibility of avoiding the 
embolization of atheromatous material. Only care
ful surgical dissection can minimize these hazard
ous complications. 

K. Postoperative Supervision 

Postoperative therapy has to be seen as an integral 
part of the total therapeutic concept. Its extent 
should be recognized and determined preopera
tively, or at the very latest intraoperatively. Nu
merous preexisting risk factors are always in
volved; therefore the administration of the anes
thetic, the adequate substitution of fluid, and the 
monitoring and treatment of cardiac function and 
metabolism - all of these - assume great impor
tance alongside the operative procedure itself. Ef
forts in the postoperative phase should concen
trate on accurate recognition of the effects of acute 
disorders and on their appropriate treatment. 

Many kinds of postoperative complications are 
possible. The postanesthetic recovery phase after 
the operation is the first critical postoperative 
phase for the patient. 
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Table 11.9. Postoperative complications 

Rebleed- Hyper- Arrhyth- Hyper- Hypo-
ing tension mia 

~~ 1 
volemia tension 

// 
Postoperative Complications 

~ / \ ~ 
Hypothermia Acidosis Congestive Respiratory 

heart failure insufficiency 

The recovery phase is characterized by an in
creased adrenergic reaction immediately after ex
tubation. The causes of this are: a decrease in the 
depth of anesthesia, an increase in pain sensation, 
insufficient oxygenation with simultaneous hyper
capnia, and, in addition, the increased release of 
catecholamines following induced hypotension by 
means of vasodilators. Close monitoring during 
this phase often reveals hypertensive blood pres
sure values and tachycardia, which usually consti
tute a critical situation for the patient with coro
nary artery disease. Such patients therefore de
mand special care in the recovery phase. 

The transitional phase from the operating room 
to the recovery room is one of the weakest links 
in the postoperative chain of supervision. The pos
sibilities for complication in the recovery room are 
numerous. They can be divided into those that 
occur often and those that are rare. 

Rebleeding is rare. When it does occur it can 
be acutely life threatening, especially in patients 
who have undergone operations on the carotid ar
tery because of the extreme difficulty of reinterven
tion under these circumstances and the risk of hyp
oxic cardiac arrest. One must therefore be alert 
to the occurrence of stridor while monitoring the 
patient following disobliteration of the carotid ar
tery. More frequent, and of great importance dur
ing the postoperative period, are hypertensive 
crises. 

The causes of postoperative arrhythmias, which 
occur often, are mainly disturbances in electro
lytes, anemia, hypoxia, and hypovolemia. The 
control of potassium, hemoglobin or hematocrit, 
and blood gases and the measurement of central 
venous pressure may help to disclose the causes 
and to indicate appropriate therapy. Also, hyper
tensive crises are often associated with arrhyth
mias. In such cases, antihypertensive medication 
is indicated. Other causes of arrhythmia, such as 
heart failure, pulmonary embolism, atelectasis, 
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and pneumonia, are rather rare, but require inten
sive therapy. 

Following surgical treatment of aneurysms, hy
povolemia often occurs. This can be partially ex
plained by the intraoperative use of vasodilators, 
but may also be the result of an underestimated 
blood loss. 

For better monitoring and control of fluid ther
apy, the use of a Swan-Ganz catheter intraopera
tively as well as postoperatively has been recom
mended in these patients. 

Preoperatively initiated medical therapy with 
digitalis, beta-blockers, nitro-preparations, and 
antihypertensive drugs must be continued in an 
appropriate manner. Postoperatively, the therapy 
should be continued only when hypovolemia, ane
mia, and hypertensive crisis have been corrected 
and the circulatory function stabilized. 

Although there are different opinions regarding 
the necessity and the effect of postoperative venti
lation, patients with a Y -prosthesis are routinely 
kept on the respirator postoperatively. The dura
tion of ventilation is usually about 18-24 h. The 
necessity of postoperative ventilation is the result 
of numerous risk factors. It is known that age, 
overweight, and heavy smoking in the presence 
of severe abdominal pain decrease the functional 
residual capacity, while increasing the occlusive ca
pacity. When the occlusive capacity exceeds the 
functional residual capacity, atelectasis develops, 
resulting in ventilatory and perfusion disorders. 
Furthermore, ventilatory stimulation is signifi
cantly diminished by volatile anesthetics and by 
analgesics during a phase in which hypoxia is not 
a rare event. 

Today, the question must remain open whether 
postoperative ventilation can prevent pneumonia. 
However, one thing is certain: in cases of hypo
thermia following massive transfusion, where a pa
tient with impaired cardiac function is receiving 
medication to improve circulation, the risk will 
be greater if such a patient is exposed to the addi
tional danger of respiratory insufficiency. 

I. Postoperative Monitoring 

It is difficult to make a general statement. Accord
ing to GREENBERG [12], the extent and frequency 
of monitoring should be adjusted for the various 
risk groups. 

The first step, basic monitoring, helps to define 
stability of organ functions and deviations. Fre-
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Table 11.10a. Basic monitoring 

Intensive care unit 
Blood pressure, pulse 
Respiratory rate 
Body temperature 
Fluid intake 
Urine volume 
Blood and fluid loss 

Laboratory fmdings 
Serum electrolytes 
Blood glucose 
Hemoglobin and Hemat
ocrit 
Blood gas analysis 
Chest X-ray 

Table 11.10b. Extended monitoring 

Intensive care unit 
Ventilatory parameters 
Central venous pressure 

(CVP) 
Arterial pressure 
Neurologic findings 

Laboratory data 
Venous O2 saturation 
Serum and urine osmolarity 

Electrolytes 
Leukocytes 
and platelets 
Coagulation, 
lactate serum protein 
Colloid osmotic pressure 

(COD) 
Enzymes 

Table 11.10e. Differential monitoring 

Intensive care unit 
1. Measurements by 

Swan-Ganz catheter 
2. Determination of in

tracranial pressure 

Laboratory data 
Special investigations 

quency and extent of measurements will vary ac
cording to the operation and the patient's condi
tion (Table 11.10a). 

The second step, extended monitoring, is indi
cated when preexisting risk factors and the type 
of operation may cause pathologic changes in or
gan function (Table 11.10b). 

In principle, the parameters listed for basic 
monitoring will be determined more frequently. 
Additionally, the monitoring will be more inva
sive, e.g., through a central venous catheter. In 
general, patients with a Y-prosthesis will be in that 
category. In all cases where severe hemodynamic 
disorders are to be expected or have occurred, or 
where manifest organ failure is present, the third 
step, i.e., differential monitoring, is indicated (Ta
ble 11.10c). 

Preoperative evaluation and therapy, the opera
tive procedure itself, and the anesthetic phase -
none of these can be regarded as successful unless 
the patient recovers without serious complications. 
Monitoring that is appropriate to the procedures 
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and measures that come before it is a necessary 
prerequisite to effective postoperative therapy. 

Following major vascular surgery, routine post
operative ventilation has proven to be beneficial. 
The aims of recovery room and intensive care ther
apy are: gradual reduction of the maximal stress 
of operative intervention, detection and preven
tion of life-threatening complications, and con
verting an operative success into a personal success 
for the patient. 

It should be reemphasized that the anesthesiol
ogist can minimize the complication rate in multi
morbid patients by a comprehensive preoperative 
workup of patients undergoing vascular surgery, 
by appropriate intraoperative monitoring, and by 
careful postoperative care. Anesthesia in patients 
with vascular surgery is an ongoing challenge. 
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Table 12.1.1. Classification and topographic description 
of the aortic segments 

Segment Description Topography 

I Ascending aorta To brachiocephalic 
trunk 

II Aortic arch To left subclavian 
artery (incl.) 

III Descending aorta To phrenic hiatus 

IV Middle aorta To renal arteries 
(incl.) 

V Infrarenal aorta To bifurcation 

References. . . . . . . . . . . · 215 long hypoplastic segments are found and macro
scopic and microscopic post inflammatory lesions 
are absent (Table 1). 

A. Etiology and Anatomy 

The clinical term "atypical coarctation" of the 
aorta as compared with "typical coarctation" 
refers to those stenoses lying within the aortic seg
ments II-IV. The etiology can be very difficult to 
establish. However, this is not a significant factor 
in either the decision to operate or in the choice 
of the reconstructive procedure. 

The most common causes are inflammatory dis
eases such as Takayasu aortitis, aortoarteritis and 
granulomatous aortitis [5, 6, 7]. Hypoplastic types 
are classified as congenital defects [3, 4, 8]. Con
genital nature especially has to be considered if 

For the operative procedure, clinical symptoms 
as well as localization and extent of the stenosis 
is taken into consideration. Not the etiology, but 
the pathoanatomic extent and the pathophysiolog
ic degree of the stenosis is important. Fig
ure 12.1.1. shows the most common thoracoabdo
minal stenoses of the aorta encountered in clinical 
practice. The topographic classification given by 
UENO (1967) contains the aortic arch syndrome 
(type I), stenoses of the renal arteries but without 
adjacent aortic involvement and infrarenal aortic 
stenosis without concomitant hypertension [11]. 
All of these types of stenoses may occur in aortitis, 
but do not belong to the proper group of atypical 
aortic coarctation. 
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Fig. 12.1.1a-d. Coarctation of the aorta : most common 
types. a Stenosis within segment III. b Stenosis within 
segment IV. c Stenosis within segments III/IV with uni
lateral renal artery involvement. d Stenosis within seg
ments III/IV with bilateral renal artery involvement 

G. HEBERER and H . DENECKE 

B. Indications 

The clinical symptoms of an atypical coarctation 
of the aorta are caused by impaired perfusion of 
the poststenotic region. Extensive collateral sys
tems, however, may compensate the stenosis and 
maintain organ function. For example, weakened 
or absent pulses in the lower limb do not necessari
ly constitute clinical or functional manifestation 
of circulatory impairment. Claudication occurs in 
only 14% of cases [3]. 

High arterial blood pressure is the cardinal 
symptom and main indication for surgery. In most 
cases, hypertension is caused by impaired renal 
blood supply. The renal arteries are included in 
the stenotic process in 33%- 80% of patients. Of
ten, bilateral stenoses are present [4, 5]. If the ste
nosis is localized just above the renal arteries, the 
resultant hypertension corresponds to that caused 
by bilateral renal artery stenosis (" two kidneys -
two stenoses" type, which is pathophysiologically 
identical to Goldblatt's one-kidney hypertension). 
Chronically, renin release will be suppressed. This 
type of renovascular hypertension may be relieved 
simply by constructing a thoracoabdominal by
pass with distal anastomosis to the infrarenal aor
tic segment. Failing blood pressure normalization 
may be due to intrarenal arteriosclerosis, which 
already may have developed in elder patients. 

In cases of juxtarenal aortic stenoses with de
minished blood flow in a single artery, the result
ing hypertension corresponds to that caused by 
unilateral renal artery stenosis (i.e., two kidneys 
- one stenosis type pathophysiologically identical 
to the so-called two-kidneys hypertension). Be
sides correction of the aortic stricture, the blood 
flow to the renal artery also must be reestablished. 

An additional aortic stenosis below the renal 
arteries (segment V) is significant only if it threa
tens to obstruct retrograde blood flow to the renal 
arteries following establishment of a thoracoabdo
minal bypass with distal anastomosis caudal to the 
stenosis in question. 

Stenoses of the visceral arteries seldom lead to 
true symptoms of intestinal angina. 

Since without treatment the atypical coarcta
tion of the aorta bears a poor late prognosis [7], 
revascularization is always indicated. The main 
causes of death in these mostly young patients are 
heart failure and strokes as a consequence of per
sistent arterial hypertension. 
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C. Positioning and Surgical Approach 

The most favorable approach in a thoracoabdom
inal procedure is that described by eRA WFORD. 

The upper left portion of the patient's body is ele
vated and rotated toward the right (Fig. 12.1.2a). 
The incision extends from the midline of the lower 
abdomen to the umbilicus and from there to the 
left costal arch into the seventh interspace. The 
costal arch is divided. The diaphragm is transected 
dorsolaterally to the hiatus tendineus. The phrenic 
nerve and its innervating branches are spared, to
gether with the largest portion of the diaphragm 
on the medial side. The spleen, the left colon, the 
left kidney, and the intestine are retracted medially 
i.e., to the right. This permits full exposure of the 
entire aorta, starting at the origin of the subclavian 
artery down to the iliac arteries. This visualization 

Fig. 12.1.2a, b. Position and approach. a As described 
by CR~ WFORD in a right semilateral position. b Separate 
thoracIc and abdominal incisions 

a ~====================~ 

br---~------------------~ 
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is especially favorable for the completion of the 
distal anastomosis and for the reconstruction of 
the abdominal aorta using a dorsolateral ap
proach. 

If the thorax and the abdomen are opened sepa
rately, an approach is made through the fifth inter
space with the upper left portion of the body ele
vated and rotated toward the right (Fig. 12.1.2b). 
By retracting the lung medially, the descending 
aorta is well exposed. The abdomen is opened by 
a large midline incision. This incision should ex
tend all the way up to the xiphoid process 
especially if revascularization of the renal arterie~ 
is planned. Just as during exposure for renal artery 
revascularization, the transverse colon and the 
greater omentum are retracted upward and the 
small intestine is wrapped in a moist towel and 
retracteg to the right (see p. 613). The broad re
tractor of the VOLLMAR type has proven very use
ful in holding the full length of the mesenteric root 
away from the aorta. 

In stenoses of the descending aorta extending 
far upward or in a procedure done in a simple 
supine position the proximal end of the graft is 
connected to the ascending aorta. Exposure is 
transsternal by median incision [1]. Similarly, the 
infrarenal aorta is exposed for distal anastomosis 
by median laparotomy. 

D. Technique of Exposure 
and Reconstruction 

I. Thoracoabdominal Bypass 

The anastomosis at the thoracic aorta does not 
cause any special problems. A woven or monofila
ment 3-0 suture is used. Woven prosthetic material 
is preferred. Usually, the aorta is cross-clamped 
~roximally and distally so that a short segment 
IS totally occluded on both sides. The anastomosis 
is performed on the anterior wall (Fig. 12.13a). 
Sometimes, lateral partial clamping may be ade
quate (Fig. 12.1.3b). After leakage at the anasto
mosis has stopped, the prosthesis is pulled through 
the diaphragmatic hiatus downward into the abdo
men. In separate thoracic and abdominal ap
proaches, a channel is created on the left side of 
the aorta through the diaphragm and the retroperi
toneum posterior to the pancreas (Fig. 12.1.3c). 

The distal end-to-side anastomosis to the ab
dominal aorta is performed in the infrarenal aortic 
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Fig. 12.1.3a--e. Thoracoabdominal revascularization 
(separate thoracic and abdominal approaches). a Total 
proximal and distal occlusion of the thoracic aorta for 
proximal anastomosis to its anterior wall. b Longitudi
nal clamping of the thoracic aorta for proximal lateral 
anastomosis. c Dissection of the diaphragm for 
retroperitoneal placement of the prosthesis. d Distal 
anastomosis to the infrarenal aortic segment. e The as
cending aorta may also be chosen for the thoracic anas
tomosis (following a median sternotomy approach) 

G. HEBERER and H. DENECKE 
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Fig. 12.1.4 The best exposure of the thoracoabdominal 
aorta is achieved by the Crawford approach (see 
Fig. 12.1.2a) 

segment, i.e., segment V (Fig. 12.1.3d). If the lu
men of the aorta is of normal width, a partial 
section of its wall may be clamped longitudinally. 
However, in this segment the aorta is often slightly 
hypoplastic or its walls are thickened. Then, total 
cross-clamping with a straight, angled, or curved 
aortic occlusion clamp proximal and distal to the 
site of anastomosis is preferred. Depending on 
how far distally the lesions extend, the iliac arteries 
or femoral arteries may have to be connected to 
the aorta with a bifurcation prosthesis. We have 
had to perform such a distal connection in only 
2 of 19 patients. 

A transdiaphragmatic channel must also be 
created for an ascending abdominal bypass 
(Fig. 12.1.3e). This maneuver is not necessary in 

G . HEBERER and H . DENECKE 

Celiac trunk 

Superior mesenteric a 

Lumbar aa, 

the Crawford approach, which offers the best ex
posure of the thoracoabdominal aorta (Fig. 
12.1.4; see pp. 314, 356). 

ll. Renal Artery Anastomosis 

The technique for revascularization of the renal 
arteries is the same as for surgical management 
of renovascular hypertension (see p. 616 ff.). If 
normal renal perfusion is guaranteed by the diver
sion of blood to the infrarenal aorta, a simple tho
racoabdominal bypass is sufficient. It is also ade
quate if no hemodynamically significant stenosis 
obstructs retrograde aortic blood flow beneath or 
at the level of the renal arteries (interrenal or jux-
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tarenal). Stenoses of the renal arteries themselves 
must be relieved by an interposition or bypass. 
Usually, an aortorenal interposition graft with an 
oblique distal anastomosis is preferred. The higher 
the degree of stenosis, the better the functional 
results are, even in an aortorenal bypass without 
division of the artery. 

First, the central anastomosis is sutured 
(Fig. 12.1.5a). The aortic prosthesis is partially 
clamped longitudinally. Round excising scissors or 
an aortic punching instrument are used to cut a 
hole in the prosthesis; 4-0 or 5-0 sutures are used. 
A saphenous vein is best suited for autogenous 
grafting in young patients: there are nO incongrui
ties due to an extremely thickened aortic wall that 
have be overcome as e.g., in reconstructions of 
the aortic arch. 

If possible, the distal anastomosis should be 
performed obliquely (Fig. 12.1.5 b). A 6-0 monofil
ament suture is preferred. 

Total occlusion of a segment of the renal artery 
by cross-clamping proximal and distal to the desig
nated site of the anastomosis is easy if the stenosis 
lies near the origin of the artery and its cause is 
an inflammatory process within the aortic wall. 
If the stenosis lies within a peripheral portion of 
the renal artery, well-soaked, pliable catgut 
threads are placed around the segmental arteries 
and tightened. 

Bilateral, renal artery stenoses are revascular
ized on both sides during the same operation, e.g., 
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Fig. 12.1.5a-i:. Connection of the renal arteries. a Ex
cision of the prosthesis for the central anastomosis. b In 
long renal artery stenoses, a wide peripheral anastomosis 
is performed. c Possible connection of both renal arter
ies by a common prosthetic interposition graft 
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with a common prosthetic interposition graft (see 
p.619). 

The special techniques of renal artery revascu
larization are individually adapted to the many 
different variations of vascular diseases. In a 23-
year-old patient we were able to revascularize both 
renal arteries by connecting them to an unstenosed 
juxtarenal aortic segment (Fig. 12.1.5c). The cor
rection of a renal artery stenosis by percutaneous 
angioplastic dilatation must be considered [10] 
(see p. 121); however, we always prefer additional 
revascularization during the same operation. 

ill. Techniques of Interposition 

Replacement and also direct enlargement of the 
back wall of the stenotic aorta is technically possi
ble only by the Crawford approach. This means 
that the distal anastomosis is sutured onto the 
stenosed segment as in patch graft angioplasty 
(Fig. 12.1.6). The best way of preventing back 
bleeding from the organ arteries (renal arteries, 
celiac artery, superior mesenteric artery) is the in-

Celiac trunk 

Supeflor 
mesenlefiC a 

Righi renal a 

Fig. 12.1.6. Distal anastomosis similar to patch graft an
gioplasty in segments IV and possibly V 
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Fig. 12.1.7. a Persistent renovascular hypertension fol
lowing aortoaortic bypass. Diminished blood flow to 
the left kidney remaining in spite of throcoabdominal 
pressure equalization. b Reimplantation of the left renal 
artery into the prosthetic bypass graft 
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sertion of a Fogarty balloon catheter following lo
cal heparinization. 

If it is not possible to revascularize the stenotic 
region using this technique, all the arteries of each 
organ must be connected to the prosthesis sepa
rately. In such a case, the aorta may be replaced 
by an interposition graft instead of a bypass graft. 
Graft interposition is especially preferred if the le
sion shows aneurysmal enlargement [1]. However, 
all of our 19 patients had only stenotic lesions. 

It is rarely necessary to revascularize the celiac 
artery or the superior mesenteric artery [5]. This 
is why the technique of direct enlargement, using 
an oblique distal anastomosis similar to a patch 
graft, is preferred. If prosthetic replacement of the 
aorta is necessary, the visceral arteries should be 
reimplanted into the prosthesis with a large cuff 
of anterior aortic wall tissue around them (see 
p.318). 

E. Reintervention 

Persistent high blood pressure is caused by residual 
or newly developed impairment of renal blood 
supply (Fig. 12.1.7a). However, hypertension 
caused by parenchymal disease of the kidney may 
already have been present during the primary op
eration. Another possibility is that an additional, 
functionally significant stenosis may not have been 
revascularized. Angiograpbic methods as well as 
the direct or indirect measurement of renin release 
may answer the question whether a functionally 
significant stenosis is present, which would be an 
indication for reoperation. In some cases the reim
plantation of a renal artery (Fig. 12.1. 7 b), an aor
torenal interposition, or an iliorenal bypass may 
lead to normalization of perfusion. 

The treatment of anostomotic aneurysms is de
scribed in Chap. 10.3. 
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A. Embryology 

In order to understand congenital malformations 
of the iliofemoral artery, some preliminary re
marks on the embryologic development are in 

Externallhac a 

order. The first vessels originate from a preexisting 
vascular network [4] . These unite to form several 
vascular trunks of different caliber [5, 11]. 

From the umbilical artery, which is a branch 
of the dorsal aorta, a tributary develops, the so
called axial artery, which runs down the dorsal 
side of the embryo lateral to the sciatic nerve 
(Fig. 12.2.1). At a later stage, the axial artery can 
be divided into three segments: a proximal (sciatic 
artery), a middle (deep popliteal artery), and a dis
tal segment (the embryonic interosseal artery). 
Later, the external iliac artery arises from the um
bilical artery proximal to the origin of the axial 
artery (Fig. 12.2.2). 

The inferior epigastric artery and the proximal 
portion of the femoral artery arise from the exter
nal iliac artery. A large trunk, which develops from 
the ventrally located femoral network, comprises 
the middle portion of the femoral artery 
(Fig. 12.2.2). Its distal portion evolves from the 
superior communicating branch, running back 
through the hiatus tendineus (Fig. 12.2.2). 

-~-AOrla 

--,--?+-- Umbilical a 

AXlat a Fig. [2.2. 1. The e olution of the iliofemoral arter 
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Fig. 12.2.2. The development of the iliofemoral artery 

A second large branch of the femoral artery, 
the profunda femoris artery, arises from the femo
ral network. Its terminal branches form the net
work of the sciatic artery. The greater part of this 
artery disappears during the formation of the fem
oral vessels (Fig. 12.2.3). 

The proximal portion of the sciatic artery re
mains, forming the inferior gluteal artery, together 
with the concomitant branch of the sciatic nerve. 
The deep popliteal artery develops into the proxi
mal portion of the adult popliteal artery later on. 

Following birth, as soon as blood circulation 
through the placenta is interrupted, the caliber of 
the internal iliac artery decreases. Thereafter the 
external iliac artery is the direct continuation of 
the common iliac artery. 

- Poph eal a 

Fig. 12.2.3. The formation of the adult iliofemoral artery 

B. Special Pathologic Anatomy 

Numerous congenital arterial anomalies in the pel
vic region and the lower extremities are reported 
in the literature [10,12]. Only three anomalies lead 
to clinical symptoms [1, 3, 5, 6, 7, 8, 9]. These 
are: 

a) Aplasia: The artery is totally absent 
(Fig. 12.2.4) 

b) Atresia: The artery is present, but it has no 
lumen. Only a solid vascular cord exists 
(Fig. 12.2.5). 

c) Hypoplasia: The artery is present and has a 
lumen, which is extremely narrow (Fig. 12.2.6). 

Combinations of these three types may be found 
in the same patient (Fig. 12.2.7). 
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Common lilac a 

Fig. 12.2.4. Aplasia of the iliofemoral artery Fig. 12.2.5. Atresia of the iliofemoral artery 
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Fig. 12.2~6. Hypoplasia of the iliofemoral artery 
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Fig. 12.2.7. Hypoplasia of the external iliac artery and 
atresia of the femoral artery 
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c. Indications for Reconstructive 
Procedures 

The indication for operative reconstruction de
pends on the clinical picture. If an anomaly is dis
covered by chance and the patient is asymptomat
ic, operative correction is not indicated. 

Clinical stages III and IV are absolute indica
tions for surgery. 

Stage II disease may make a reconstruction nec
essary, depending on the extent of the anomaly 
and shortening of the leg, walking disability, and 
the age of the patient. In cases of severe anomaly 
or shortening, reconstruction may be indicated 
even in young patients. If only slight intermittent 
claudication is present, a reconstructive procedure 
may be postponed until the patient reaches adult
hood. 
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D. Surgical Approach and Exposure 

Surgical approach and exposure of the iliac artery 
and femoral artery are described in Chap. 17.5.D. 
(see p. 379, 380, 392; Fig. 12.2.8). 

Aplasia or other forms of congenital anomaly 
may be ascertained only following exposure of the 
area involved. 

In aplasia, no arterial rudiments whatsoever are 
found (Fig. 12.2.9). In atresia, a thin solid cord 
with no lumen is present instead of a normal artery 
(Fig. 12.2.10). In hypoplasia the artery is very 
small and has a very narrow lumen. Atretic or 
hypoplastic vessels are never located ectopically. 

E. Reconstructive Techniques 

Only bypass methods may be considered in vascu
lar malformations of the iliofemoral artery. They 
do not differ from those applied in multilevel oc
clusions (see p. 432, Chap. 17.5). Preferably, the 
undeveloped vascular segments are bridged with 
a great saphenous vein graft. Such an autogenous 
vein graft grows together with the rest of the body 
and is therefore the material most suitable for use 
in young patients. 

Because a long graft is needed for replacement 
between the aorta or common iliac artery and the 

Femoral n -JL __ -W~~~r!IJ;7I 
4---+--i 

Fig. 12.2.8. Exposure of the iliofemoral artery. (1 a), 
Right-sided pararectal incision; (1 b), right-sided oblique 
lower abdominal incision; (2), groin incision on the right 
side; (3), intermediate incision; (4), supragenual incision 

Fig. 12.2.9. Topography of the common and internal [> 

iliac arteries with the external artery missing 
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Fig. 12.2.10. Topography of the atretic iliofemoral artery 

Fig. 12.2.11. Iliopopliteal bypass composed of two great ' [> 

saphenous veins with a patch graft 

popliteal artery, it is often necessary to combine 
the great saphenous vein of both legs in a single 
graft (oblique end-to-end anastomosis or right-an
gled, end-to-end anastomosis with patch graft) 
(Fig~ 12.1.11) [2]. 
. If the great saphenous veins are not suited for 

tbtalqypass, a composite bypass must be em
ployed to reconstruct the iliac segment with allo
pHistic or' homologous material. The femoral seg
metitsbu~d always be reconstructed with autogen
ous material, if possible . 
. ' If nb autogenous material is available, the en

tire 'lehgth ,of the undeveloped artery must be 
bridged with a synthetic prosthesis. 

If arteriai reconstruction is not possible, an at
tempt should be made to compensate incongruities 
in limb length. In young patients, stapling of the 
distal femur epiphysis may be performed to inhibit 
growth of the healthy leg. In adults, orthopedic 
techniques for reducing limb length may be consid
ered. 
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A. Introduction 

Angiodysplasias are a combination of several dif
ferent congenital malformations. They are poly
dysplasias with arterial, venous, capillary, and 
lymphatic components. Pathologic changes in
volve not only the vascular systems, but all other 
tissues as well: skin, connective tissues, bones, car
tilage, and nerves. The classification of the differ
ent clinical pictures is based mainly on the vascular 
system predominant in each type of angiodysplasia 
[10,11,13,16,19]. 

The treatment of angiodysplastic anomalies is 
sometimes palliative, symptomatic, or cosmetic 
(reduction of the difference in length between the 
limbs, surgery of varices, extirpation of hemangio
mas, lymphangiomas, and other vascular and con
nective tissue proliferations localized on the body's 
surface). Most therapeutic measures are focused 
on the arterial components of the anomaly, on 
arterial hypervascularization, vascular prolifera
tions, and especially on pathologic arteriovenous 
shunts. The aim of treatment is not only to elimi
nate active arteriovenous fistulas and vascular pro
liferations by resecting and inducing obliteration, 
but also to minimize hypervascularization. These 
therapeutic measures are not suited to angiodys
plastic changes that are limited to the venous sys
tem. 

B. Indications for Treatment 

Angiodysplastic malformations with involvement 
of the arterial system may be treated by percutane
ous or operative measures, whether or not dysplas
tic arteries, hemangiomatous proliferations, hyper
vascularization, or arteriovenous shunts are pres
ent. 

Treatment is especially important in hemody
namically significant arteriovenous shunts, as in 
the F.P. Weber syndrome. Vascular malformations 
in this syndrome cause growth disorders (gigan
tism) and may lead to monstrous malformations 
and malfunctions of the limbs. Compression with 
subsequent injury of the neighboring nerves may 
sometimes cause intolerable pain. Arteriovenous 
shunts may have considerable effects on total body 
circulation, with possible cardiac and vascular de
compensation. Sometimes, skin ulcers develop 
from the pressure of underlying phlebectasias. Re
duced perfusion of the distal portions of the limbs 
may lead to gangrene. Angiomatous proliferations 
may destroy connective tissue and bone to such 
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an extent that a malignancy is mistakenly as
sumed. Sometimes amputation is the only way of 
relieving the patient's suffering [9]. 

The treatment of congenital malformations is 
indicated in all cases in which arteriovenous shunts 
have led to these complications. The most impor
tant goal is to normalize the patient's hemodynam
ic state and to reduce the shunt volume by elimi
nating the arteriovenous shunts. 

However, measures to eliminate asymptomatic, 
hemodynamically significant arteriovenous fistu
las and dysplastic vessels are also indicated. No 
effective conservative treatment and no spontane
ous cure exist. On the contrary, the vascular prolif
erations have an unpredictable tendency to pro
gress, with the risk of later complications such as 
skin ulcers, gangrene, or nerve injuries. Once such 
complications have occurred, the prospect for 
complete cure is poor. 

Treatment should begin as soon as possible. 
The longer one waits, the more extensive the satel
lite circulation and the destruction of the involved 
tissue will be. Early treatment minimizes second
ary changes such as gigantism. 

In mixed angiodysplasias of the extremities ve
nous and lymphatic malformations occur, together 
with dysplasia of the arteries. In such cases not 
all arteries of the extremity are altered pathologi
cally. Usually, only a single artery, e.g., one of 
the three lower leg arteries, shows pathologic 
changes. Obliteration of this single artery and all 
of its branches may be indicated, whether or not 
arteriovenous fistulas are demonstrable. 

c. Preoperative Examinations 

Quantitative measurement of shunt volume is es
sential for determining whether or not hemody
namically significant arteriovenous fistulas are 
present. This can be done by any isotope laborato
ry. Comparisons of the two limbs with respect to 
venous oxygen saturation should always be per
formed, but the results may not always allow an 
accurate assessment of the magnitude of the shunt
ing. Other examinations, such as Doppler ultra
sonography, venous occlusion, plethysmography, 
thermography, thermodilution, or isotope clear
ance methods likewise fail to yield a clear-cut as
sessment. Cardiac examinations, such as measure
ment of the cardiac minute volume and stroke vol
ume,' should not be omitted. 
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Arteriograms of high quality are an essential 
precondition for every kind of treatment, particu
larly when embolization therapy is intended. The 
importance of carefully performed arteriographic 
investigation cannot be overemphasized. It is es
sential to delineate the precise nature and extent 
of disease and to know precisely the anatomic situ
ation of the clew of vessels. It is essential to know 
which branches must be excised or obliterated and 
which vessels have to be preserved to prevent 
ischemic damage, especially where malformations 
of the face, the feet and hands, or the toes and 
fingers are concerned. Visualization of details, op
timal sharpness, dense opacification and right pro
jection are required. The main arteries of the fore
arm and lower leg must be visualized separately. 

Arteriograms showing a mass of abnormal, tor
tuous, and dilated arteries and veins cluttering the 
affected area, with accumulation of the contrast 
medium in area of the fistulas, are interesting pic
tures and may give an impression of the extent 
of the lesion, but such arteriograms are useless 
for performing an embolization because it is im
possible to see any anatomic detail. 

Selective, often superselective filling is neces
sary, and for the study of the anatomic situation 
the exposures in the early phase of filling are 
especially important. Each branch must be visual
ized in full anatomic detail. It must be possible 
to make an anatomic analysis of the complex cir
culatory pattern. The study of the distribution of 
the feeding vessels and of the vessels of the malfor
mation itself is possible only if in the early seconds 
after the injection of the dye, a rapid series is made 
with at least three exposures to the second. 

Some other measures contribute to a better in
sight into the anatomic situation: 

- The projection must be such that the topogra
phy is clearly visualized (lower arm in supina
tion, lower leg in internal rotation, hand and 
foot lying flat on the X-ray table, foot also visu
alized in a lateral projection). 

- Stereoscopic pictures or X-rays in different pro
jections allow for a better assessment of the 
morphological conditions. 

- The angiodysplastic area resembles a blood 
sponge! A relatively large amount of contrast 
medium must be injected under high pressure. 

- In order not to miss the early arterial phase, 
the X-ray sequence should be started before the 
contrast medium reaches the dysplastic area. 

- Arteriographic X-rays of the inflow tract arter-
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ies and the neighboring vascular regions are nec- ID. Operations on the Venous System 
essary. 

Needless to say, digital subtraction angiograms are 
unfit for use. It is impossible to see any details, 
and it is also impossible to decide on the ground 
of DSA pictures which branches have to be elimi
nated. Conventional arteriograms are required. 

D. Methods of Treatment 

In the past, many operative procedures have been 
suggested. Only one of these may be termed cura
tive. Some others have palliative value. Most of 
them are senseless. 

I. Total Extirpation 

The only curative therapy available is total ex
cision of the entire angiodysplastic vascular convo
lution, with all of its arteriovenous shunts. But 
such a treatment is only rarely possible, e.g., in 
the racemose angioma of the scalp. In such cases, 
ligation of the feeding arteries (frontal artery, su
praorbital artery, temporal artery, posterior auric
ular artery, and occipital artery) on both sides, 
and extirpation of all ectatic fistulous vessels will 
bring about a definitive cure. In localized tumor
ous angiodysplastic lesions of other body regions, 
total extirpation also leads to cure [11]. 

II. Interruption of the Afferent Arteries 

Ligature of the afferent arteries is a senseless pro
cedure. Unfortunately, it is still performed. Even 
if arteriography shows that dysplastic and arterio
venous vascular changes are fed by only a single 
artery, ligation of this artery will be useless. Neigh
boring arteries take over perfusion of the angio
dysplastic region through collaterals in only a 
short time. In arteriovenous dysplasia within the 
area of a lower arm or lower leg artery an addi
tional distal ligature is usually recommended, 
which, of course, has no effect whatsoever on the 
results. Ligature of a main artery in the shoulder, 
upper arm, pelvic, or thigh areas is sometimes per
formed. Such a procedure is absolutely useless and 
should be regarded as a therapeutic mistake [2, 
12, 15]. 

Surgery on the venous drainage system (removal 
of varices, sclerotherapy, ligation of veins, and 
other operations on the efferent side of the angio
dysplastic area) do not substantially influence 
shunt volume and beyond this have only a tran
sienteffect. Such procedures are useless. The removal 
of varicose veins is a cosmetic operation. In such 
cases one must expect the formation of new phleb
ectasias within a short time after surgery. 

IV. Skeletation of the Main Vessels 

In the last 10 years, a method called the" skeleta
tion operation," suggested by MALAN [12] and 
propagated by VOLLMAR [20], has often been ap
plied in congenital arteriovenous dysplasias of the 
extremities. All branches of the main artery and 
vein within the vascular anomaly are ligated and 
eventually divided. Blood supply to the angioma
tous tissue is not reduced because collaterals devel
op from the neighboring body regions. These take 
over the perfusion of the tissue and of the fistulous 
convolution as well, which remains unchanged. Al
though shunt volume is reduced by extensive skele
tation of a long segment of the main vessel imme
diately following the operation, it only takes a few 
weeks or months until blood supply to the fistu
lous vessels is furnished by neighboring or even 
sometimes remote body parts, thus leading to a 
second rise in shunt volume [3, 5]. Growth of the 
malformation progresses because not only new ar
terial collaterals, but also venous ones are formed. 
Superficial varicose veins spread out. Sometimes 
clinical symptoms also increase. Then, further ske
letation of the proximal and distal vascular regions 
is performed. The result, again, is only temporary. 
In the long run, the results of skeletation alone 
are unsatisfactory. 

An additional disadvantage of this method is 
that it can only be applied in larger limb arteries. 
Skeletation of lower arm and lower leg arteries 
demands great preparatory effort, and the results 
are disappointing. Arteriovenous fistulas in other 
body regions are not at all suited to this kind of 
treatment. 
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V. Resection of the Main Artery 
and Replacement by a Prosthesis or Graft 

An alternative to skeletation is the resection of 
a long segment of a main artery and its replace
ment by a prosthesis (subclavian artery, common 
and external iliac arteries) or a venous graft (bra
chial artery, femoropopliteal artery) [9]. In this 
procedure, not only are the feeding branches aris
ing from the main artery eliminated, but the for
mation of new vessels (vasa vasorum? small over
looked branches?) which, following skeletation, 
branch off from the main artery in the vicinity 
of the malformation is also prevented. However, 
collaterals from neighboring vascular regions de
velop quickly, so that this method of treatment 
is not superior to others. 

VI. Percutaneous Catheter Embolization 

Percutaneous catheter embolization makes it pos
sible to occlude the vessels of a pathologically al
tered area, excluding the entire dysplastic vascular 
lesion from systemic blood circulation [6, 7, 8, 14, 
15,18]. This method, which has found general ac
ceptance in the last few years, has the advantage 
of avoiding difficult and time-consuming opera
tions and in most cases can be repeated in the 
event of recurrences. However, transcatheter em
bolization alone is of limited value. This method 
has several disadvantages and limitations: 

1. It is not always possible to reach the feeding 
vessels of the angiodysplastic complex because 
of the presence of coils and kinks in the main 
trunk. 

2. Most feeding vessels are of small, often micro
scopic size and cannot be selectively catheter
ized. 

3. The embolizing particles cannot be brought 
deep enough into the nidus of the lesion. 

4. The multiplicity of feeding vessels and arterio
venous connections makes it unlikely that all 
vessels of the pathologic process will be oc
cluded. 

5. The percutaneous procedure entails the inad
vertent risk of distal reflux of particles, causing 
unintentional embolic occlusion of peripheral 
arteries. 

6. Because the embolizing particles used in the 
transcatheter procedure are relatively small, 
they may pass through the large-sized arteriove
nous connections. 
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Embolization will be successful if all feeding ves
sels and all vessels of the angiodysplastic bulk are 
eliminated, but this is not possible using the percu
taneous technique alone. Every residual vessel of 
the malformation, every arteriovenous connection, 
will increase slowly in size, resulting in clinical re
currence. Using percutaneous embolization, only 
a partial obliteration is obtained. It is on a level 
with partial resection. 

Transcatheter embolization may be useful in the 
treatment of arteriovenous malformations in loca
tions such as the spinal cord and cerebral vessels, 
which are poorly treated by surgery. 

The percutaneous technique has been recom
mended as a preoperative adjunct to decrease the 
vascularity of the lesion and facilitate subsequent 
surgical treatment. In many cases, however, trans
catheter embolization destroys access routes for 
operative embolization because feeding vessels be
come blocked. Preoperative percutaneous emboli
zation should be used chiefly when complete ex
cision of the malformation is intended; only in 
exceptional cases should it be used prior to opera
tive embolization. 

YD. Operative Embolization, Combined Methods 

In order to achieve satisfactory and long-lasting 
therapeutic results, it does not suffice to interrupt 
afferent and efferent vessels, i.e., to eliminate in
flow and outflow. Neither is it sufficient merely 
to obliterate parts of the dysplastic vascular tumor 
by catheter embolization. The aim of treatment 
of arterial and arteriovenous dysplasia must be 
to eliminate all pathologic vessels, to exclude the 
entire arteriovenous convolution from the systemic 
circulation, and to obliterate the pathologic vessels 
of such an angiomatous conglomeration by induc
ing thrombosis. 

1. Therapeutic Concept 

The total therapeutic concept not only includes 
a combined operative technique, but also a percu
taneous method (Fig. 12.3.1). 

The surgical components of this concept are: 

1. Extirpation of the dysplastic vessels and angio
matous tissue as extensively as is feasible 

2. Embolic obliteration of all remaining vessels 
within the pathologic area through all feeding 
branches of the main artery 

3. Skeletation oflong segments of the main vessels 
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Operative 

Combination of: 

Treatment of 
angiodysplasia 

Percutaneous embolization 

~ 
Preoperative Postoperative 

1. Extirpation, as extensive as possible 
2. Embolization 
3. Skeletation of the main vessels 

Fig. 12.3.1. Therapeutic algorithm of arterial and arte
riovenous dysplasia 

Sometimes percutaneous catheter embolization is 
performed preoperatively. Small solid particles are 
introduced into the feeding branches in order to 
obliterate as many of the small vessels of the an
giomatous conglomerations as possible. This mini
mizes blood loss during subsequent surgery and 
resection of pathologic tissue. Beyond this, it facili
tates the introduction of embolizing material dur
ing surgery through reduction of backward blood 
pressure, which allows the embolizing material to 
reach the smallest vessels in the center of the angio
matous convolution. If postoperative control arte
riography demonstrates that angiomatous vessels 
are still patent, percutaneous embolization is re
peated. Late recurrences are also obliterated by 
percutaneous catheter embolization. 

2. Embolic Material 

Various materials have been utilized as embolic 
agents, including autogenous blood clot, plastic 
and metallic micro spheres, polyvinyl alcohol, gela
tine sponge, tissue adhesive, and fibrin seal. 

Gelatin sponge (Gelfoam) and autogenous 
blood clot made with epsilon amino caproic acid, 
have the disadvantage of being resorbable. They 
produce temporary occlusion for a period of weeks 
and are therefore unusuable. 

Silicone polymer and the tissue adhesive isobu
tyl-2-cyano acrylate are permanent agents. How
ever, the last agent polymerizes immediately on 
contact with blood, and it is impossible to ensure 
its travel into the core of the malformation. Sili
cone polymer injected into one feeding vessel may 
be washed out of the malformation by other sup
plying vessels and not retained in the nidus of the 
vessel clew. 

Liquid materials like fibrin seal (Tissucol) are 
no longer used because of serious vascular and 
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neurologic complications which may be caused by 
ischemic damage to peripheral tissues and nerves. 
Damage to the nerves is due to obliteration of 
the vasa nervorum, the vessel network around the 
nerves. 

Coils and detachable balloons have also been 
used for permanent embolic occlusions, but they 
cannot be used for embolization of angiodysplastic 
malformations. They obliterate only the feeding 
vessels; they do not produce obliteration of the 
vascular elements of the pathological clew itself 
and the arteriovenous connections. 

Embolic agents should fulfill the following re
quirements: 

1. They should be nonresorbable to minimize the 
likelihood of vessel recanalization. 

2. They should be biocompatible. 
3. They should be able to enter into and ablate 

the interstices of the arteriovenous malforma
tion. 

4. They should not be liquid. 

Polyvinyl alcohol (Ivalon) and silicone micro
spheres are permanent agents with proven inert 
properties, satisfying all prerequisites. We current
ly use only Ivalon foam suspended in a syringe 
with diluted contrast medium and silicone micro
spheres with diameter 1-4 mm put into a contain
er. 

3. Technique of Embolization 

Prior to surgery, the patient receives a Foley cathe
ter. The main artery whose branches supply the 
angiomatous convolution is exposed over a long 
distance, carefully sparing all branches. Vessel 
loops are passed around all these branches. Angio
matous tissue is removed as far as the anatomic 
situation allows. 

The arteriograms are used to judge which tribu
taries must be considered for embolization. Fig
ure 12.3.2 shows the embolizing system. 

The embolizing material is injected through 
specially constructed cannulas which are translu
minally introduced into the different tributaries 
following longitudinal arteriotomy of the main ar
tery. They are fixed in place by tightening tapes 
around them (Fig. 12.3.3). One arm of a three-way 
stopcock system is connected to a transparent 
plastic container which holds the embolizing mate
rial. The other arm is attached to an infusion 
under pressure. The whole system of container, 
connecting tubes, stopcocks, and cannulas must 
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Fig. 12.3.2. Embolizing system. The embolizing material 
which fills the plastic container (B) is slowly injected 
using a syringe filled with fluid (A). As soon as a particle 
reaches point (C) it is carried away by the fluid stream 
(D) under pressure and shot far into the angiomatous 
convolution through a special cannula (E). All parts of 
the system (container, connecting tubes, stopcocks, and 
cannulas) form one smoothly interconnecting system 
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be absolutely free of any narrowings and irregular
ities, otherwise the particles will stagnate. 

For the injection of Teflon or silicone spheres, 
systems with different internal diameters should 
be available. They should be chosen according to 
the diameter of the spheres used for embolization. 
A syringe is used to inject the embolizing material 
slowly into the three-way tube system. The parti
cles are carried away by the fluid stream. This 
ensures that embolizing particles enter the embo
lizing cannula one by one and from there shoot 
into the pathologic vessels and feeding arterial 
branches under the hydraulic pressure of the infu
sion fluid. They can reach the smallest vessels in 
the center of the angiomatous tissue without diffi
culty. 

It is important that backward pressure be as 
low as possible during injection of the embolizing 
material. Backward flow pressure has already been 
reduced by preoperative catheter embolization. It 
can be lowered further by clamping the main ar
tery as far proximally as possible during injection 
of the material, if necessary by blocking it with 
an intraluminally introduced balloon catheter 
(Fig. 12.3.3). 

After embolization of all branches supplying 
the angiomatous convolution, the arteriotomy of 
the main artery is closed with ultrafine atraumatic 
suture material. Thereafter, skeletation of the main 
vein is performed. Then, all nonembolized tribu
taries of the main artery are ligated at their origins. 
These branches are obliterated by injecting ex
tremely small polivinyl alcohol particles. 

In mixed angiodysplasias which have only mi
crofistulas or no arteriovenous fistulas at all, one 
may consider obliterating the main artery (one of 
the lower leg or forearm arteries) with all of its 
tributaries. The caliber of the artery to be obliter
ated is sometimes so small that the embolizing sys
tem cannot be employed. In such cases, emboliza
tion is performed using a polyethylene tube which 
is advanced as far as possible into the vessel. The 
embolizing material is then injected under pressure 
while the tube is slowly withdrawn. This maneuver 
usually succeeds in obliterating not only the main 
vessel, but also its finest tributaries. 
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A 

Fig. 12.3.3. Following longitudinal arteriotomy of the 
main artery the embolization cannula (A) is introduced 
transluminally into the various branches and fixed with 
the aid of a ligature (B) (Vesselc1ud). The main artery 
itself is blocked as far proximally as possible with an 
intralurninally introduced balloon catheter (C) 

E. Basic Principles in the Treatment 
of Angiodysplasia at Different Locations 

The technique of embolization is chiefly dependent 
on the location of the angiodysplastic malforma
tion. The anatomic relationships between the ar
teries supplying the angiodysplastic regions make 
it necessary to vary the tactics and technique of 
embolization. At each possible location, attention 
must be paid to details which are closely related 
to the topographic situation. Some commonly oc
curing locations will be discussed in detail. 

I. External Carotid Artery 

An angiodysplastic process localized in the area 
perfused by the external carotid artery and its 
branches are always additionally supplied by the 
contralateral side. Treatment must therefore al
ways be bilateral. The question of which branches 
of the external carotid artery supply the angio
dysplastic lesion with blood must be answered with 
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reference to the detailed angiograms. After expo
sure of the carotid bifurcation and branches of 
the external carotid artery, all tributaries leading 
to the malformation are selectively embolized us
ing silicone spheres (except when embolizing the 
lingual artery). The two branches originating near
est to the main nutritive tributaries are also obliter
ated. Although they do not directly supply the 
dysplastic area with blood, they could develop col
laterals which would nullify the effect of emboliza
tion. During injection of the embolizing material, 
the external carotid artery is clamped at its origin. 
On the contralateral side, only those branches are 
embolized which directly lead to the dysplastic re
gion. The arteries adjacent to the main nutritive 
artery are not obliterated. 

II. Shoulder and Upper Arm 

Most arteriovenous dysplasias of the shoulder and 
arm regions are of the F.P. Weber type. They are 
supplied not only by the axillary and brachial ar
teries, but also by branches of the subclavian ar
tery and proximal forearm arteries. Often, the in
tercostal arteries also participate in feeding the 
pathologic process via the lateral thoracic artery. 
In order to avoid the necessity of extensive expo
sure and dissection of the arteries, the internal 
thoracic artery, the thyrocervical and costocervical 
trunks, the transverse cervical and suprascapular 
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arteries, and all smaller branches of the subclavian 
artery are first embolized percutaneously. In the 
same manner, the superior and inferior collateral 
arteries, the radial and ulnar recurrent arteries, 
and, if possible, also the recurrent interosseal ar
tery are obliterated percutaneously by injecting 
polyvinyl alcohol granules. During the subsequent 
operation, the axillary artery and the proximal half 
of the brachial artery are exposed along their en
tire length. Dysplastic, sometimes aneurysmally 
enlarged segments of their branches are resected 
as far as possible. All branches leading to the arte
riovenous malformation are embolized with poly
vinyl alcohol granules and silicone spheres. Special 
attention is paid to the lateral thoracic artery. 

Finally, skeletation of a long segment of the 
main vessels is performed, during which the tribu
taries are obliterated peripherally with fine poly
vinyl alcohol particles. 

m. Internal Iliac Artery and Profunda 
Femoris Artery 

In patients with arteriovenous dysplasia localized 
in the area perfused by the internal iliac artery, 
many other arteries of neighboring or remote re
gions are almost always contributors: the branches 
of the external iliac artery on both sides, the con
tralateral internal iliac artery and its branches, the 
lower lumbar arteries, the median sacral artery, 
even the inferior mesenteric artery via the superior 
rectal artery and the lower branches of the profun
da femoris artery. On the other hand if the angio
dysplastic lesion is situated in the area perfused 
by the profunda femoris artery, all branches of 
the internal iliac artery are involved, especially the 
inferior gluteal artery. The branches of the exter
nal iliac artery also belong to the feeding vessels. 
The situation becomes extremely complicated if 
the angiodysplastic lesion is supplied by both the 
internal iliac artery and the profunda femoris ar
tery. In such cases, multiple operative and percuta
neous treatments are necessary to eliminate and 
obliterate the entire angiodysplastic malformation. 

Treatment is performed in two sessions and 
consists of the following sequences: during the first 
operation, the contralateral external iliac artery 
and the proximal portion of the internal iliac ar
tery are exposed. The external iliac artery is skele
tized and its branches embolized with polyvinyl 
alcohol granules. The tributaries of the anterior 
branches of the internal iliac artery, which also 
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take part in perfusing the angiodyplastic area, are 
embolized separately using polyvinyl alcohol gran
ules and silicone spheres. During a second surgical 
procedure, performed 2 weeks later, the same 
treatment is done on the diseased side, but embo
lizing all branches of the internal iliac artery. The 
ipsilateral profunda femoris artery and its 
branches are treated in the same manner. 

Care must be taken in embolizing the inferior 
gluteal and profunda femoris arteries. Both arter
ies take part in the blood supply of the sciatic 
nerve. Total obliteration of all side branches of 
these arteries may cause ischemic damage of the 
nerve, resulting in peripheral nerve palsy, particu
larly if liquid embolic agents are used. 

Moreover, the inferior gluteal arteries supply 
the cavernous bodies via the internal pudendal ar
teries. Embolization of these arteries on both sides 
endangers the erectile function of the penis. Oblit
eration of the inferior gluteal artery should be re
stricted to the distal part of this vessel, beyond 
the origin of the branch leading to the sciatic 
nerve. 

IV. Hand, Finger, Foot, and Toe 

The more distally angiodysplastic lesions are local
ized, the more delicate and difficult treatment will 
be. In order to make the decision as to which arter
ies and branches can be eliminated by excision, 
ligation, and embolization and which must be 
spared, one must have excellent arteriograms at 
one's disposal. 

Treatment of lesions of the hand, foot, fingers, 
or toes requires visualization of the arches with 
all their branches. Dysplastic vessels must be ex
cised and other branches must be embolized with 
polyvinyl alcohol foam or silicone micro spheres 
in such a way that at least one normal digital ar
tery for each finger or toe is saved in order to 
prevent ischemic damage. All residual vessels are 
eliminated or treated by skeletation. 

Good permanent results can be obtained and 
ischemic damage avoided by careful dissection and 
meticulous technique. 



12.3 Congenital Arterial and Arteriovenous Dysplasia 

F. Postoperative Complications 

There are two major types of complication that 
can be expected following the combined method 
of treatment. 

Ischemic complications may occur following 
the treatment of angiodysplasias of the hand, 
finger, foot, and toe regions if certain arteries out
side the pathologic area important for the perfu
sion of fingers and toes are not spared. Blood sup
ply to the periphery must be preserved. 

It cannot be stressed often enough that one 
should not embolize distally located vascular mal
formations if the available angiograms are not of 
high quality. "Blind" embolization of peripherally 
localized angiodysplasias cannot be recommended 
today. 

Even if perfect arteriograms are available and 
those branches are carefully saved which are vital
ly important for the preservation of fingers and 
toes, ischemic complications do occur in a few 
cases. They are probable only if ischemic lesions 
in the form of necrosis or gangrene are present 
prior to treatment. Such distally localized dyspla
sias, combined with ischemic lesions, should be 
handled with special care. Limited amputations at 
the boundary line may be necessary in such cases. 

Neurologic complications, such as functional 
disorders of peripheral nerves, especially of the 
peroneal nerve and the sciatic nerve, are rare. They 
are undoubtedly due to ischemia (embolization of 
the profunda femoris artery or inferior gluteal ar
tery). Functional losses which might occur are sel
dom far-reaching and are usually reversible. 

G. Reinterventions 

Routine control angiography is of critial impor
tance following the embolization of an angiodys
plastic lesion. Such a control examination should 
be done a few weeks after treatment. Remnants 
of the vascular malformation can then be treated 
by percutaneous catheter embolization. 

Recurrences discovered angiographically dur
ing the late postoperative course are treated pri
marily by percutaneous embolization. Usually 
what is found in such cases are branches running 
from neighboring regions to the outer limits of 
the initial' malformation. These branches can be 
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easily embolized percutaneously. Following cor
rect treatment by the combined method, such re
currences are relatively rare. 
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A. General Considerations 

I. Introduction 

Peripheral arterial injuries are of special signifi
cance because, in addition to the threat they may 
pose to the life of the patient, they can also cause 
irreversible secondary trauma to the extremities or 
to the brain, thereby precluding the possibility of 
complete rehabilitation. 

Vascular injuries occur in 0.9%-4% of trauma 
victims [5, 19,21]. However, the incidence is signif
icantly higher in patients with multiple injuries, 
about 7%-10% [22,63]. 

Approximately one third of arterial injuries are 
caused by cardiologic or radiologic diagnostic pro
cedures and less frequently by operative proce
dures [24]. ' 

In war, the mean incidence of arterial injuries 
is 2%-2.4%. In the Vietnam war, the distribution 
of 1000 vascular injuries was: carotid artery 5%, 
upper extremity 34%, and lower extremity 57%. 
Only 4% of the injuries were within the thorax 
or abdomen [45]. A survey of the distribution of 
peripheral vascular injuries is given in Table 13.1. 

According to HEBERER [19], perforating and 
nonperforating as well as open and closed arterial 
injuries have to be distinguished. A sharp penetrat-

Table 13.1. Distribution of vascular injuries in civilian 
and military series [3, 10,44,45,49, 61] 

Civilian Military 
injuries injuries 

n 0/0 n % 

Internal/common carotid artery 68 4.4 50 5.0 
Vertebral artery 6 0.4 
Subclavian artery 67 4.4 8 0.8 
Axillary artery 75 4.8 59 5.9 
Brachialfcubital artery 219 14.2 283 28.3 
Radialfulnar artery 187 12.1 

Aorta/ 
innominate artery 62 4.0 3 0.3 

Hepatic artery/celiac trunk 9 0.6 
Splenic artery 3 0.2 
Superior, inferior mesenteric 

artery 19 1.2 
Renal artery 30 1.9 

Abdominal aorta 52 3.4 3 0.3 
Common/external iliac artery 171 11.1 26 2.6 
Internal iliac artery 9 0.6 
Common femoral artery 135 8.8 46 4.6 
Profunda femoris artery 24 1.6 
Superficial femoral artery 221 14.4 305 30.5 
Popliteal artery 95 6.2 217 21.7 
Anterior, posterior tibial 

artery and peroneal artery 85 5.5 

1537 1000 

RICH [45] only reports injuries of major arteries so that 
there are no data on vascular injuries of the distal upper 
and lower extremity 
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itig trauma is caused by gunshot and stab wounds, 
cuts, penetrating foreign bodies, and fractured 
bones and may result in a small laceration or clean 
division, or even large lacerations with greater de
fects. 

Nonperforating arterial injuries are mainly 
caused by contusion, e.g., by dislocation of bones 
following fracture or luxation and may result in 
injury of the inner surface of the artery with bleed
ing into the vessel wall, intimal disruption with 
secondary thrombotic occlusion, or traumatic dis
section. Compression by a subfacial hematoma or 
edema by dislocated bone fragments or casts may 
cause arterial insufficiency and secondary throm
bosis. 

Indirect injuries are lacerations and disruption 
caused by distension (e.g., rupture of the aorta 
by rapid deceleration). Traumatic arterial spasm 
is rare [16, 21, 63]. 

Clinically significant late complications follow
ing vascular injuries are arterial thrombosis, false 
aneurysm, arterial aneurysms, and arteriovenous 
fistulas (Table 13.2). 

Table 13.2. Classification of arterial injuries [c.f. 21, 33, 
69] 

I. Direct injuries 
1. Penetrating trauma 

a) Cuts, stab and gutshot wounds 
b) Iatrogenic (angiography, cardiac catheter, opera

tions, intra-arterial injection) 

2. Blunt trauma 
a) Contusion (thrombosis) 
b) Compression (hematoma, fractures) 
c) Constrictions (constricting dressings) 

II. Indirect injuries 
1. Lacerations by distension 
2. Deceleration (thoracic aorta) 
3. Arteriospasm 

III. Late complications 
1. Acute thrombosis 
2. Infections 
3. Peripheral edema, tourniquet syndrome 
4. False aneurysm 
5. Arterial aneurysm 
6. Arteriovenous fistula 
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ll. Diagnosis 

Patients with deep penetrating and also with severe 
blunt injury of extremities should have a careful 
physical examination to exclude arterial injuries 
during the initial management. 

In case of an open penetrating arterial injury 
the diagnosis is usually easily made when the 
mechanism of trauma and the direction of the 
wound are taken into consideration. A large hema
toma or massive bleeding may be absent when 
both ends of the injured artery are rolled in and 
an early thrombosis has occurred. 

Blunt arterial injuries are more difficult to diag
nose. Peripheral ischemia distal to the injury is 
the sure sign in diagnosis. Absence of peripheral 
pulses with lack of sensitivity and of spontaneous 
movements probably point to an injury of periph
eral vessels. The color and temperature of the skin 
and the filling of veins may provide additional sig
nificant information. 

Arteriospasm and a reduction of arterial perfu
sion in the case of traumatic shock must be ex
cluded through differential diagnosis. 

A significant diagnostic measure is Doppler ul
trasonography. In the region of the extracranial 
vessels, the flow direction of the supraorbital ar
tery may be of great help, while the measurement 
of the blood pressure of the distal extremity com
pared with that of the healthy brachial artery sig
nificantly adds to the diagnosis of vascular injuries 
of the extremities. In case of peripheral vascular 
injuries of the extremities, the blood pressure is 
usually measured over the radial/ulnar artery or 
the anterior/posterior tibial artery. Vascular injury 
is likely to be present when the blood pressure 
in the injured extremity is not measurable by 
Doppler ultrasonography or when the values thus 
obtained are 50% lower than the systemic blood 
pressure. Doppler ultrasonic examination is abso
lutely necessary for the evaluation of a severely 
injured patient if vascular injury is suspected clini
cally. 

Where there is a clear clinical indication for 
operative exposure of the injured vessel because 
of massive bleeding or hematoma, preoperative ar
teriography is usually unnecessary and may only 
cause an unnecessary prolongation of ischemia. 
Therefore, one should consider intraoperative an
giography (documentation and assessment of the 
needed repair, exclusion of other simultaneous le
sions). If the diagnosis of vascular injury, based 
on the clinical criteria mentioned, cannot be made 
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with sufficient certainty, and if there is persistent 
ischemia despite adequate treatment for shock, 
then an arteriographic evaluation should be per
formed within 2-3 h. 

Angiography is of special importance in cases 
of suspected peripheral ischemia, blunt abdominal 
trauma, and concomitant fractures of the extremi
ties in typical locations (supracondylar fracture of 
the humerus, supracondylar fracture of the femur, 
fracture of the tibial head, and fracture of the 
lower leg) [36, 39, 56]. 

ID. Initial Management 

Massive bleeding requires immediate provisional 
hemostasis at the site of the accident. 

Control of bleeding from injured carotid arter
ies or the subclavian artery is only partially suc
cessful by digital compression. The prognosis is 
very much dependent on the speed of transporta
tion to a hospital equipped to manage such inju
ries. Temporary control of bleeding of vascular in
juries of the extremities is performed by various 
methods. 

Because of the threat of damage to muscles, 
veins, and nerves, a tourniquet should be applied 
to an extremity only if there is no other possibility 
of controlling the bleeding. Also, clamping of the 
pulsating artery should be avoided because of the 
increased risk of infection and of trauma to the 
vessel ends. No operation should be performed at 
the site of the accident! 

The method of choice is digital compression 
applied proximally or at the injury, or pneumatic 
compression applied to sterile wound dressings, 
e.g., by means of a blood pressure cuff [27] at 
pressures above the systolic value. Early intuba
tion and fluid replacement are essential for stabili
zation of the patient's condition; otherwise, defini
tive management will not be possible. 

IV. Operative Technique and Adjuvant Therapy 

Conservative management of peripheral vascular 
injuries is only allowed when there is no significant 
bleeding or when restoration of function will not 
be improved by the vascular repair (e.g., axillary 
artery injury in case of disruption of the nerve 
plexus without peripheral ischemia of the arm). 

Ligature of extracranial arteries may cause isch
emia of the central nervous system in a high per-
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Table 13.3. Percentage of ischemic damage to the central 
nervous system and to parenchymatous organs of ampu
tation of extremities following arterial ligature [3, 9, 11, 
24] 

Ischemia of the central Amputations (%) 
nervous system (%) Subclavian artery 29 
Innominate Axillary artery 43 

artery 5 Brachial artery 
Common caro- (cranial) 56 
tid artery 14-24 Brachial artery 
Internal carotid (caudal) 26 

artery 40 Radial artery 5 
Vertebral artery 5 Ulnar artery 1.5 

Radial and ulnar 
Organ ischemia (%) artery 39 
Celiac trunk 0 Common iliac artery 54 
Common hepat- Internal iliac artery 0 
ic artery <10 External iliac artery 47 
Proper hepatic Common femoral artery 81 

artery 12 Profunda femoris 
Left hepatic artery 0 

artery 36 Superficial femoral 
Right hepatic artery 55 

artery <100 Popliteal artery 73 
Superior mesen- Anterior tibial 

teric artery 100 artery 8.5 
Inferior mesen- Posterior tibial 

teric artery 1.5 artery 13.6 
Renal artery 100 Peroneal artery 14.3 

Anterior and poste-
rior tibial artery 69 

Posterior tibial and 
peroneal artery 40 

centage of cases, and ligature of arteries of the 
extremities may lead to amputation [11, 24] (Ta
ble 13.3). 

Therefore, repair of peripheral vascular injuries 
is usually necessary and urgent, independent of 
their localization, because the time between the 
onset of ischemia and definitive vascular repair 
is just as decisive for the prognosis as are the local
ization and the concomitant injuries. 

The management of peripheral vascular injuries 
follows the principles of reconstructive vascular 
surgery, depending on the type of injury (see 
Chap. 4). Only trauma-specific technical principles 
will be outlined here in more detail. 

Clean stab wounds are repaired by direct inter
rupted over-and-over sutures, placing the needle 
from the outside in and from the inside out. The 
suture material is monofilament 5-0 to 7-0 vascu
lar suture (Fig. 13.1.a). When a direct suture is 
impossible because the cut is irregular, continuity 
may be restored by a limited resection and an end
to-end anastomosis (Fig. 13.1.b). Longitudinal in
juries may be repaired by a direct suture only when 
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Fig. 13.1 a-d. Operative repair of peripheral arterial inju
ries. a Clean transverse cut. Operative technique: over
and-over interrupted suture. Suture material: 6-0 mono
filament polyamide (Prolene) or monofilament polygly
colic acid (PDS). b Oblique larger cut. Technique: con
tinuous over-and-over suture, corner sutures, placing the 
suture from the inside out. Suture material: double 
monofilament polyamide, size 6-0. Alternatively: resec
tion and end-to-end anastomosis. c Longitudinal cut. 
Technique: direct continuous suture (as in b), alterna
tively: venous patch graft. Suture material: as in b. 
d Blunt vascular injury with involuted intimal tear. Tech
nique: longitudinal incision, intima fixation, venous 
patch graft. Alternatively: resection and end-to-end 
anastomosis or resection and interposition of venous 
graft. Suture material: as in b 
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there is a large diameter and a clean cut. However, 
it usually makes more sense to utilize a venous 
patch graft (Fig. 13.1 c). 

Blunt, nonperforating vascular injuries with in
voluted intimal tear require exposure of the injured 
area using a large incision, fixation of the intima, 
and closure of the incision by a venous patch graft 
or by resection of the injured segment and its re
placement by a graft (Fig. 13.1 d). 

Longitudinal, clean lacerations of smaller ves
sels with a diameter less than 5 mm should be re
paired principally by venous patch graft angioplas
ty (Fig. 13.2a). More severe injury of the artery, 
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Table 13.4. Operative technique in vascular injuries 

Operative technique 

Lateral suture 

End-to-end anastomosis 

Venous graft, in-line 
or bypass 

Fabric prostheses 

Thrombectomy, patch 
graft angioplasty 

Fixation of the intima 

Ligature 

Others/undetermined 

Civilian 
injuries [3, 
10,44, 57] 

n % 

190 26 

260 35 

114 15 

32 4 

34 5 

3 0.4 

63 9 

40 5 

Military 
injuries 
[45] 

n % 

87 9 

377 38 

459 46 

4 0.4 

15 1.5 

58 6 

736 1000 
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Fig. 13.2a, b. Operative repair of small peripheral arter
ies. a Longitudinal stab wound. Technique: venous 
patch graft, suture material 7-0 double monofilament 
polyamide (prolene) using a small needle (BV 1). Inter
rupted suture technique. Suture distance 1 mID. b Div
ision: technique : beveled resection and end-to-end anas
tomosis with interrupted sutures. Alternatively : longitu
dinal incision of the anterior wall of both vessel ends. 
Suture of the posterior wall with interrupted sutures end
to-end and extension of the anterior wall by means of 
a patch graft (V AN DONGEN technique) 

or clean division, requires an end-to-end anasto
mosis with interrupted sutures of monofilament 
~ and 7-0. Both vessel ends should be beveled 
before being sutured. Enlargement of the anasto
mosis is also possible by means of the anastomotic 
technique described by VAN DONGEN (Fig. 13.2b). 
Table 13.4 gives an overview of the techniques de
scribed in the most important papers. 

Besides the technical considerations mentioned, 
repair of peripheral vascular injuries should adhere 
to the following principles: 

1. Vascular reconstruction as early as possible. 
If ischemia persists, postoperative edema is a 
danger; if ischemia lasts longer than 6 h, a 
tourniquet syndrome may occur. 

2. Sufficient exposure and mobilization of the in
jured vessel to allow for proper evaluation of 
the extent of injury and to provide approxima
tion of both vascular ends without tension. 

3. Use of autogenous saphenous vein from the 
noninjured extremity whenever a primary end
to-end anastomosis is impossible. Alternative
ly, Dacron double velour prostheses may be 
used for larger arteries although the risk of 
infection is higher. For smaller arteries, thin
walled PTFE prostheses are preferred. 

4. Before the anastomosis is performed, a careful 
distal thrombectomy with a Fogarty catheter 
should be carried out in all cases, despite back
flow, and the vessel ends to be anastomosed 
should be dilated carefully (alternative: intra
operative angiography as a control of the pe
riphery). 

5. The best long-term results are achieved with 
end-to-end anastomosis and interrupted su
tures [71]. 

6. Regional distal and proximal heparinization 
is required (for instance 5000 IU heparin in 
100 ml 0.9% NaCI solution and injection of 
10-20 ml proximally and distally). 

7. Larger concomitant veins should also be re
paired whenever possible. 
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8. All grafts should be covered with healthy tis
sue; if this is not possible, they should be 
placed extra-anatomically. 

9. The injured extremity should be sufficiently 
immobilized postoperatively. 

10. An early fasciotomy is essential especially 
when there is simultaneous muscle and bone 
injury or ischemia of longer duration. 

V. Vascular Injuries in Cblldren 

Juvenile vascular injuries are increasing in fre
quency and are very serious because of a child's 
lesser capacity to compensate larger losses of 
blood. Mortality is about 13%; however, for pure
ly peripheral arterial injuries it is zero. The com
monest localization is the brachial artery and the 
superficial femoral artery [38]. 

In infants, vascular repair of extremity arteries 
is seldom successful, owing to the extreme contrac
tility of the arterial wall [42]. 

On the other hand, good spontaneous forma
tion of collaterals allow ligatures in areas where 
in adults gangrene would be likely. Nevertheless, 
longitudinal growth of the extremity is impaired 
[22, 38, 60]. Therefore, it is advisable to do a sec
ondary reconstruction before the last growth stim
ulus whenever a primary reconstruction was im
possible or unsatisfactory [42]. 

In older children vascular injuries are repaired 
as in adults. However, the following principles 
must be observed: 

1. Any suspicion of arterial injury should be 
checked out by angiography since in juveniles 
such lesions may cause only a sensation of cold 
and a short period of pain. 

2. The reconstruction should then always be per
formed within the time of ischemic tolerance. 

3. Microsurgical suture technique (magnifying 
glass or microscope, monofilament 10-0 to 7-0 
suture material) is required. The anastomosis 
should be performed with interrupted sutures 
and be tensionless, which means that it should 
be placed so that it may expand in length and 
width. A venous bypass or interposition can 
therefore be longer in juveniles than in adults. 
Running sutures will cause stenosis during 
growth. 

4. Prosthetic material should not be implanted, 
or only for vital indications. 
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5. Routine follow-up until cessation of longitudi
nal growth is required to diagnose shrinking 
of the anastomosis and to allow corrections be
fore the onset of growth retardation [22,42]. 

VI. Concomitant Injuries 

The close anatomic relationship of arteries, veins, 
and nerves, especially in the extremities, usually 
causes simultaneous injuries of these structures. 
Table 13.5 summarizes data from various authors 
on the incidence of concomitant injuries following 
arterial trauma. Clean division of a vessel together 
with an additional blunt trauma and large con
comitant injuries are typical for high velocity gun
shot wounds. 

Table 13.5. Frequent concomitant injuries of peripheral 
vascular trauma 

DRAPANAS [10] 
HEBERER [21] 
LINDER [33] 
SMITH [58] 

RICH [45] 

Vascular Concomitant injuries 
injuries 

Bone, Vein Nerve 
joints 

266 19 93 23 
118 39 52 19 
145 20 104 36 
127 24 51 57 

616 102 300 135 
(17%) (49%) (22%) 

1000 285 377 424 
(28%) (38%) (42%) 

1. Venous Injuries 

In war, venous injuries are reported as concomi
tant to arterial trauma in 34%-38% of cases [45]. 
In civilian series an incidence of 14%-66% is re
ported, depending on the predominant type of 
trauma [3]. Ligation of concomitant veins is only 
allowed distal to the knee and the cubital area. 
Proximal to these regions, reconstruction must be 
performed. The priority of repair is evaluated dif
ferently. The advantage of a primary repair of the 
artery is reduction of ischemic time. A disadvan
tage may be greater peripheral venous congestion 
and venous bleeding after arterial declamping. 
Whenever time allows, venous repair should there
fore be done first. Details of venous reconstruc
tions are described in Chap. 27.1. 
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2. Nerve Injuries 

Neural injuries in combat are found to be concom
itant to arterial trauma in 27%-42% of cases [45]. 
This exceeds the incidence of civilian nerve inju
ries, which is about 22%. These concomitant inju
ries should be treated definitively together with 
vascular injuries, in one operation. The functional 
capability of the injured extremity depends more 
on successful restoration of the nervous function 
than on vascular reconstruction. 

Nerve suturing done with the aid of the micro
scope at the first operative session, along with the 
procedure on the injured arteries, produces better 
results than those obtained in a secondary recon
struction. Primary reconstruction, however, can be 
undertaken only if the patient's condition allows 
prolongation of the operative time. 

3. Soft Tissue, Bone, and Joint Injuries 

For the prognosis in the case of an injured extremi
ty, larger soft tissue defects are also of significance 
(decollement, muscle contusion, ruptured liga
ments). They occur predominantly following blunt 
trauma, with an incidence of about 26%-29% [3]. 
In particular, these injuries bring with them a high
er risk of infection following arterial reconstruc
tion. 

Rarely, dislocations cause blunt hyperextension 
trauma to adjacent arteries (Fig. 13.3). Examples 
of this are dislocation of the shoulder (luxatio erec
ta) [29] and luxation of the elbow and the knee 

Fig. 13.3. Blunt hyperextension trauma of the axillary 
artery as a result of anterior dislocation of the shoulder 
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[33]. When such a dislocation is accompanied by 
peripheral ischemia, careful respositioning should 
first be performed. If there is no improvement of 
peripheral circulation, angiography and exposure 
of the appropriate vessel is required. If the joint 
injury requires major reconstruction, then arterial 
repair has priority. The joint may first be immobi
lized temporarily and then reconstructed in a sec
ond session with less time pressure on the surgeon. 
Fractures are found in 27%-28% of cases (Ta
ble 13.5) as concomitant injuries following periph
eral vascular trauma and are frequently the cause 
of them. Fractures pierce the artery or cause hyper
extension with tearing of the intima and involution 
of the intimal flap, or may even cause division. 
Juxta-articular fractures of long bones, e.g., supra
condylar fractures of the humerus or the femur, 
are very likely to produce such arterial injuries 
[12, 70]. 

Regarding the conduct of the operation, it is 
sometimes advisable to repair the vessel initially 
to keep peripheral ischemia as brief as possible. 
On the other hand, it may be advisable to perform 
the reconstruction of the bones first and to accept 
a longer ischemic time because of the risk of injur
ing the reconstructed vessel while subsequently re
pairing the bones [48, 58, 70]. This approach has 
become widely accepted. Only in cases of a longer 
ischemic period should this principle be disre
garded and the artery reconstructed first [16]. Al
ternatively, arterial blood flow may be provided 
by a temporary intraluminal shunt [14]. 

In war, the preferred method of immobilization 
is external fixation because of its lower risk of in
fection [46]. In the civilian sector this technique 
of osteosynthesis is sometimes preferred, especially 
where ischemia is protracted [17]. Generally, re
construction of the bones is performed according 
to the principles of the AS IF (Association of the 
Study of Internal Fixation) [1, 65] using internal 
osteosynthetic material. 

These injuries to soft tissue, joints, and bones, 
especially following severe blunt closed trauma, at
tract such attention that sometimes the arterial in
jury is missed or diagnosed too late. This is the 
main reason for an amputation rate of 28%-50% 
following these multiple injuries [13, 70]. The unfa
vorable prognosis may be significantly improved 
and the rate of amputation dramatically reduced 
if arterial injury is always considered in cases of 
multiple injuries [22]. 
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B. Special Section 

I. Brachiocepbalic and Carotid Vascular Injuries 

1. Common Carotid Artery, External, 
and Internal Carotid Artery 

Injuries of the carotid artery and its branches are 
rare. The predominant form is penetrating trauma. 
The site of injury is the common carotid artery 
in 50% of cases [2] and the external and internal 
carotid artery, each in 25% [67]. Upon admission 
to hospital, about 20% of patients present with 
severe, 10% with slight, and 70% with no neu
rologic deficit [2, 67]. Patients with hypotension 
and acute bleeding from a suspected carotid artery 
injury should be operated on immediately. The 
life-saving control of bleeding has absolute priority 
over diagnostic measures. Delaying the operative 
revision runs the risk not only of exsanguination 
but also, if there is bleeding into the thorax, of 
lethal compression of the airways. 

The evaluation of patients following sharp or 
severe blunt lateral trauma of the neck should also 
include consideration of a potential carotid artery 
injury, especially in the presence of a large hemato
ma. Horner's syndrome, or contralateral neurolog
ic deficits [31, 35]. If circulation is stable and there 
is no evidence of compression of the airways, diag
nostic measures are completed by a cerebral ultra
sonic Doppler examination. 

In the case of a wound above the angle of the 
mandible and below the clavicle, arteriography 
should be performed [34]. Whenever possible, digi
tal subtraction arteriography should be carried out 
[47]. Computed tomography should reveal wheth
er there are necroses in the brain in cases of severe 
neurologic deficit. 

The following guidelines for the management 
of carotid artery injuries are generally accepted: 

1. If there is no neurologic deficit, reconstruction 
should be performed. Ligation is allowed only 
exceptionally, when a high internal carotid ar
tery injury is technically not reconstructible. 
Repair gives good results in over 91 % of cases 
as compared with only 66% without recon
struction [67]. 

2. Reconstruction should also be performed in 
cases of neurologic deficit (hemiplagia, aphasia, 
briefloss of consciousness). In 34% of patients, 
symptoms are improved, in contrast to 14% 
without reconstruction [67]. 
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3. If the patient is in a state of unconscious shock 
or in a coma, the prognosis is bad and so some 
authors recommend ligature. Despite different 
opinions [5, 29], UNGER [67] stresses that there 
is no statistically proven basis for not perform
ing a reconstruction under these circumstances. 

Ligature is indicated: 
a) If anterograde flow is absent in a comatose pa

tient [67] 
b) Following extensive cerebral destruction, as in-

dicated by computed tomography 
c) If the reconstruction is technically impossible 

The carotid artery may be exposed by extending 
the existing wound longitudinally from the ear
lobe down to the jugular (Fig. 13.4a). The carotid 
arteries are exposed by sweeping the sternocleido
mastoid muscle and the jugular vein laterally and 
dividing the venous tributaries that run medially 
(see p. 468). The external carotid artery may be 
ligated. The common and internal carotid arteries 
are reconstructed. 

In most cases injuries of the common carotid 
artery can be repaired by direct suture 
(Fig. 13.4b). Besides heparinization, no other pro
tective measures are required. 

If resection is necessary for treatment of an in
jury in the area of the carotid bifurcation, an intra
luminal shunt should be used (Fig. 13.4c, d; see 
p.471). 

If the injury is close to the base of the skull 
so that vessel cannot be clamped above the site 
of the injury, then the artery may be occluded by 
a Fogarty catheter inserted through an additional 
incision at the carotid bifurcation (Fig. 13.4e). Al
ternatively, it may also be possible in the case of 
a smaller high injury to insert an intraluminal 
shunt at the carotid bifurcation and push it up
ward, completely occluding the lumen of the pe
ripheral internal carotid artery. This way, no 
further peripheral occlusion or clamping is re
quired; intracerebral blood flow is provided for 
by the shunt (Fig. 13.4 f). 

2. Vertebral Artery Injuries 

These are very rare injuries with a relative inci
dence of 1 %. According to the literature, damage 
to the central nervous system will be encountered 
in 8% of cases [11]. Exploration of the vertebral 
artery in its proximal portion is performed using 
the same approach as for the subclavian artery 
in its distal portion, namely, through a longitudi-



13 Peripheral and Abdominal Arterial Injuries 

c 

Hypoglossus n. 

Inleln Ie loltd a 

I Parolld 
gland 

I Carotid 
body 

SlelnoclcltJo
mastoid m 

Omohyoid m 

... J 

241 

Fig. 13.4a-f. Operative technique for carotid artery inju
ries. a Line of incision for access to the common, exter
nal, and internal carotid arteries. b Common carotid ar
tery injury. Technique: continuous over-and-over suture. 
Direction of comer sutures from inside out. No protec
tive measures required. Suture material: 6-0 monofila
ment double suture material (Prolene, PDS), suture dis
tance about 1 mm. c Injury at the carotid bifurcation 
with irregular margin and loss of tissue. Technique: re
section of the injured vessel wall as first step. d Insertion 
of an intraluminal shunt and end-to-end anastomosis. 
In the second step, a comer suture is placed on the poste
rior surface, followed by continuous over-and-over su
tures around on both sides, meeting on the anterior sur
face. Suture material is the same as in b. e Internal caro
tid artery injury close to the base of the skull. An addi
tional incision in the area of the carotid bifurcation is 
made, a Fogarty catheter is pushed forward, and the 
internal carotid artery is occluded, followed by suture 
of the injury (technique as in b). f Internal carotid artery 
injury above the bifurcation. Through an additional inci
sion made at the area of the bifurcation an intraluminal 
shunt can be inserted. If the shunt is thick enough, back 
flow from the internal carotid artery is avoided. The 
injury can then be repaired without clamping of the in
ternal carotid artery 
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hal incision along the sternocleidomastoid muscle. 
Reconstruction is the exception; ligation is the 
therapy of choice. 

n. Vascular Injuries of the Upper Extremity 

1. Subclavian Artery 

Because the subclavian artery is well protected, 
it is rarely injured (Table 13.1). 

Injuries may occur from shooting or stabbing 
(penetrating trauma). A fractured clavicle or a dis
tal fragment of a fractured first rib may penetrate 
the vessel. Injury may also occur by massive hyper
extension of the arm (blunt trauma). The latter 
is usually accompanied by disruption of the plexus 
so that the indication for reconstruction of the 
artery may not be absolute when severe ischemia 
is absent [8]. 

Massive hematoma at the site of the clavicle 
and absent pulse of the axillary artery, confirmed 
by measurable difference of arterial blood pressure 
or Doppler pressure, make the diagnosis easy. 
However, subclavian artery injuries may be missed 
because peripheral ischemia of the arm is usually 
ameliorated by the highly effective collateral sys
tem in the region of the shoulder. Angiographic 
demonstration of the aortic arch, including its 
branches, by means of a Seldinger catheter or 
trans venous digital subtraction angiography 
(DSA) confirms the diagnosis. 

Repair of injuries to the first third of the subcla
vian artery requires proximal exposure in order 
to be able to cross-clamp the vessel at its takeoff 
from the innominate artery or on the left near 
the aorta. Exposure of the first portion of the right 
subclavian artery is achieved by a supraclavicular 
transverse incision dividing the clavicular and ster
nal insertion of the sternocleidomastoid muscle 
and by an upper sternotomy. On the left side, ex
posure is made by a thoracotomy at the second 
interspace (see Chap. 15.5). 

When the distal arterial segment is injured, the 
vessel may be exposed by an angulated supraclavic
ular incision passing through the scalenus muscles. 
Special care must be taken of the branches of the 
cervical plexus. The arm is adducted in order to 
get the clavicle into the most caudal position. 

The peripheral segment of the vessel exposed by 
a transverse incision just under the clavicle, divid
ing the pectoralis muscle. The arm has to be ad
ducted in order to draw up the clavicle. This inci-
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sion may be extended to the axilla, dividing the 
major and minor pectoralis muscle. However, it 
seems more reasonable to expose the axillary ar
tery by an additional curved incision in the axilla 
and to tunnel the pectoralis muscle. When the inju
ry is circumscribed, direct suture is the method 
of choice. When this does not seem to be safe 
enough, resection with end-to-end anastomosis is 
the method of choice [8, 37] . 

In rare cases, a bypass is required, primarily 
using autogenous saphenous vein. The mortality 
rate with these rare arterial injuries is reported to 
be between 0% [70] and 25% [10]. When ligating 
the artery, an amputation rate of 29% is encoun
tered (Table 13.3). Following reconstruction, the 
amputation rate is about 6% [10]. 

2. Axillary Artery 

Besides gunshot and stab wounds, the causes of 
injuries to the axillary artery are the anterior dislo
cation of the shoulder and luxatio erecta, with an 
incidence of 810: 1 [17]. In most cases, there was 
a prior intimal lesion with subsequent thrombosis. 
The relative incidence of axillary artery injuries 
is 5%- 6% of all peripheral vascular injuries in 
peace and war (Table 13.1). 

Fig. 13.5. a Line of incision for exposure of the axillary 
artery. b Anatomy following dissection of skin and sub
cutaneous tissue. Tapes are placed around the axillary 
artery 
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Diagnosis is usually made without difficulty be
cause of the artery's superficial location and the 
mechanism of injury. 

Exposure of the vessel is achieved by means 
of a curved incision in the axilla, extending into 
the sulcus bicipitalis medialis. The arm is abducted 
(Fig. 13.5a, b). In this area, collateral flow is not 
sufficient and therefore reconstruction is absolute
ly mandatory. Following ligature, the amputation 
rate is about 43% (Table 13.3). 

Direct reconstruction is possible in two thirds 
of patients. In one third of patients, an interposi
tion of saphenous vein is required [37]. The ampu
tation rate following reconstruction is 0%- 8%, 
with very low mortality [10,37]. 

3. Brachial Artery 

Brachial artery injuries are caused by gunshot and 
stab wounds (knife, glass) and by blunt trauma 
following fractures of the humerus. The relative 
incidence is 80% in civilian life and 29% in war 
(Table 13.1). Following ligation of the vessel, an 
amputation rate of up to 26% is reported, depend
ing on the concomitant injuries [19] . Therefore, 
reconstruction is mandatory. Only in cases of in
complete ischemia may reconstruction be delayed 
because of the relatively good collateral flow [3]. 

Exposure is made through a longitudinal inci
sion in the sulcus bicipitalis medialis, where the 
vessel is palpated throughout its whole length. 
Care should be taken of the median nerve, running 
in the middle of the upper arm directly in front 
of the artery (Fig. 13.7a, b). Following reconstruc
tion according to the principles mentioned above, 
there is an amputation rate of 3%-6% [10]. 

The distal brachial artery (cubital artery) may 
be sharply injured by a supracondylar fracture of 
the humerus. Besides this possibility, the peripher
al fragment of the fractured humerus may injure 
the vessel (Fig. 13.6). For the fractures mentioned 
the incidence is only 560: 1 [17]. Among children, 
however, this injury assumes greater importance; 
with a relative incidence of up to 22%, it must 
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Fig. 13.6. Injury of the distal brachial artery in the pres
ence of a supracondylar fracture of the humerus 
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ture. 
Exposure of the distal brachial artery is 

achieved through an S-shaped incision in the el
bow (Fig. 13.7 c). The antecubital fascia is divided. 
The artery i's just underneath. If the pronator teres 

Fig. 13.7. a Lines of incision for exposure of predisposed 
arteries of the arm. b Exposure of the brachial artery 
in the sulcus bicipitalis medialis. c Antecubital region. 
The antecubital fascia is divided. The pronator teres 
muscle covers the ulnar artery distal to its origin. d Ex
posure of the distal radial artery 
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'muscle inserts a few centimeters above the medial 
epicondylus, it covers the artery and must there
fore be mobilized appropriately. 

Operative therapy consists of a longitudinal in
cision, intima fixation, and enlargement by a small 
venous patch. Alternatively, resection and end-to
end anastomosis may be carried out. In children, 
microsurgical suture techniques should be applied 
(magnifying glass, appropriate instruments, and 7-
o suture material). 

4. Forearm Arteries 

Injuries of the forearm arteries are among the most 
frequent peripheral arterial injuries, with an inci
dence of 27% (Table 13.1). Beside cuts and stab 
wounds, often from attempted suicide, severe 
sharp and blunt trauma with fractures of the bones 
of the forearm are the causes. The localization of 
these injuries is mainly at the wrist (Fig. 13.7 a, b). 

Following division of one of the two forearm 
arteries, a ligature may be placed; this is the most 
frequently used method of management. Dis
turbed peripheral circulation results in only 1 %-
5% (11). Where reconstruction does not involve 
great difficulty, e.g., in cases of clean division of 
the peripheral radial artery, reconstruction is pre
ferred over ligation. Maintaining the function of 
this vessel may be of significance later. 

When both the radial and ulnar artery are in
jured, reconstruction of at least one of the forearm 
arteries is absolutely necessary. Following ligation 
or failure of reconstruction the amputation rate is 
39% [9]. The repair should be performed by direct 
suture, resection, and end-to-end anastomosis, or 
vein interposition. Because of the small caliber, 
the peripheral greater saphenous vein should be 
taken. Microsurgical suture technique is required. 

m. Abdominal Arterial Injuries 

About 30% of all patients with multiple injuries 
today show blunt or penetrating abdominal inju
ries. However, HEBERER et al. [22] found among 
407 patients with mUltiple injuries, of whom 118 
had undergone laparotomy, only 3 injuries of the 
abdominal aorta and its major branches. TREDE 
[63] saw only 5 abdominal vascular injuries in 
424 patients with multiple injuries, all of these in
volvihg the renal artery. 
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Despite the fact that these injuries are rare, iIi 
most cases sharp or blunt trauma of the abdomen 
is fatal, extensive vascular injury is the cause. The 
mortality is about 30%-60%, depending on the 
site and type of injury. The mortality increases 
therefore when multiple intra-abdominal injuries 
have occurred instead of a single vascular injury 
[26]. The symptoms are those of concomitant 
shock. About 50% of these patients reach the hos
pital with no measurable blood pressure [26, 32, 
40]. 

One should observe the following rules for the 
prophylaxis and therapy of shock: 

1. Massive transfusions should be supplemented 
in at least the proportion of 4: 1 byadministra
tion of fresh frozen plasma. 

2. Autotransfusion (for instance Hemonetics Cell 
Saver) should be supplemented by fresh frozen 
plasma, fresh blood, or platelet concentrates. 

3. Hypothermia below 32° C must be avoided by 
adding warmed blood and by means of a heat
ing cushion on the operative table. Infusions 
should be warmed to 40° C and these solutions 
should also be used for abdominal lavage. 

4. A pH below 7.20 must be avoided by infusion of 
Ringer's lactate and, if necessary, bicarbonate. 

5. As an immediate operative measure one may 
start with a left-sided anterolateral thoracot
omy and reduce the flow in the thoracic aorta 
to minimize blood loss during the subsequent 
laparotomy [26,32]. 

The group led by MOORE [26, 40] recommends 
this procedure for patients suffering from myocar
diac arrest after the primary treatment or whose 
blood pressure does not rise above 80 mm Hg de
spite appropriate therapy. 

1. Abdominal Aorta 

Penetrating gunshot or stab wounds of the abdom
inal aorta usually cause sudden death by massive 
bleeding. For this reason DE BAKEY [9] reported 
that only 12 injuries of the abdominal aorta 
reached the vascular surgical unit out of more than 
1000 military arterial injuries. The prognosis is 
especially unfavorable in cases of aortic injuries 
with access to the free abdominal cavity. In case 
of dorsal injury, however, the retroperitoneum 
may provide temporary tamponade. Blunt injuries 
of the aorta caused by force acting on a small 
area (contact with steering wheels, seat belts -
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"seat belt aorta" - [4], gun butts) are ten times 
less common than sharp lesions [7]. They result 
in acute occlusion by dissection and thrombosis. 
Iatrogenic injuries are noticed during operations 
on intervertebral disks or during angiography. 

Only if the patient is hemodynamically stable 
will there be time for thorough diagnosis. Today, 
modern ultrasound devices can localize a large he
matoma in the shortest time and allow estimation 
of the level of injury. Computed tomography and 
angiography, and whenever possible digital sub
traction angiography, may be used as time per
mits. 

The best operative approach is provided by a 
median laparotomy. This type of incision can 
eventually be extended cranially by means of a 
median sternotomy. After insertion of the Ro
chard retractor and a large transverse retractor, 
the whole abdominal aorta can be approached eas
ily. The diaphragmal aorta is exposed subhepati
cally following division of the lesser omentum ap
proaching from the right. The more caudal supra
renal "visceral" aorta is best approached by mobi
lization of the left colon, moving it to the right 
(Fig. 23.3). Injuries of the upper abdominal aorta, 
of the celiac trunk, and of the left renal artery 
are repaired using this approach. 

The right renal artery, especially in cases of sus
pected concomitant injury of the vena cava or of 
the renal vein, is dissected from the right by mov
ing the right colon to the left. 

The typical approach to the infrarenal aorta 
in patients suffering from arterial occlusive disease 
is mobilization of the small bowel to the right and 
incision of the retroperitoneum just left of the duo
denum. 

The aorta is exposed while compressing the slte 
of injury by hand. Careful dissection of periaortic 
tissues may be omitted when proximal control of 
the aorta by a straight vascular clamp can be 
achieved. For distal cross-clamping of the aorta, 
a curved or right-angled vascular clamp is best 
applied, simultaneously occluding lumbar tribu
taries originating from the posterior vessel wall. 
With this technique, the aorta will not be com
pressed so much as when a Satinsky clamp is ap
plied. Repair of the aortic injury is thereby greatly 
facilitated. 

The most commonly used reconstructive proce
dure is direct suture, perhaps with a venous patch 
graft angioplasty. The reason may well be that 
patients with more severe injuries requiring a more 
complicated repair do not reach hospital. 
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In perforating injuries of the aorta, one must 
not forget to reconstruct the posterior wall as well. 
It may be necessary to suture the posterior wall 
from the inside after a longitudinal incision of the 
anterior wall. 

The results of treatment of abdominal aortic 
injuries show a mortality of 50%-60% [3, 26, 32]. 
The mortality is especially high (75%-90%) in pa
tients with injuries of the "visceral" aorta. Infra
renal aortic injuries have a somewhat more favor
able mortality following reconstruction (53%) [26, 
32]. 

2. Celiac Trunk and Hepatic Artery 

Injuries of the celiac trunk and the hepatic artery 
comprise about 10% of all abdominal arterial inju
ries. Generally, the incidence is 0.6% of all arterial 
injuries. The operative approach is the same as 
for the abdominal aorta. The vessels are exposed 
below the liver following division of the lesser 
omentum und dissection of the hepatoduodenal 
ligament. The celiac trunk may be ligated without 
risk just distal to its origin [11]. Following ligation 
of the common hepatic artery, ischemic complica
tions are encountered in less than 10%. LIM [32] 
reported in a collective series of 345 patients a total 
mortality of 3.7% caused by secondary liver fail
ure. Ligation of the proper hepatic artery will re
sult in ischemic hepatic failure in 12%, ligation 
of the left hepatic artery in 36% [11]. Therefore, 
whenever possible peripheral hepatic artery inju
ries should be reconstructed. Ligation of the 
proper hepatic artery or the right hepatic artery 
should be combined with a cholecystectomy (the 
postoperative development of an empyema of the 
gallbladder is favored by secondary sequelae of 
shock). The principles of this reconstruction in
clude lateral suture, venous patch graft angioplas
ty, or venous interposition. The period of ischemia 
tolerated by the liver is reported to be 30 min [48]. 
However, this is only true for total occlusion of 
the blood flow to the liver. Therefore, when per
forming reconstruction, which usually takes longer 
than this, special attention must be paid to main
taining blood flow in the portal vein. 

3. Superior and Inferior Mesenteric Artery 

Both intestinal arteries also make up approximate
ly 10% of abdominal vascular injuries. These inju
ries are mostly accompanied by severe injuries of 
the pancreas, intestine, and mesenterium. Division 
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of the main branch of the superior mesenteric ar
tery will cause extensive bowel ischemia owing to 
the absence of collaterals, except in the presence 
of chronic arterial occlusive disease. Therefore, re
construction is absolutely necessary. For the small 
bowel the time of warm ischemia is also short, 
about 1 h [48]. A successful reconstruction, how
ever, is still possible after 2-3 h. 

Reconstruction is performed by lateral suture, 
venous patch graft angioplasty, or aortomesenteric 
venous bypass. Following reconstruction, intesti
nal blood flow may be tested by means of intraop
erative ultrasound or by injection of a fluorescent 
dye under ultraviolet light [7]. Even with this tech
nique, a second-look operation is obligatory with
in 24 h, because during the postoperative phase 
segmental small bowel ischemia and necrosis are 
not recognizable with sufficient certainty prior to 
the onset of fatal complications. The mortality rate 
for injuries of the superior mesenteric is high, 
33%-57% [7,32], owing to the usually severe con
comitant injuries. The inferior mesenteric artery 
may be ligated just distal to its origin. There will 
be no complications if the other mesenteric arteries 
are patent. 

4. Renal Artery 

Injuries of the renal artery mainly occur following 
severe blunt abdominal trauma. Besides direct 
trauma, a contrecoup effect may stretch the renal 
artery and result in an occlusion due to intimal 
damage with thrombosis. 

Renai artery injuries are rare, 1.9% of 1583 
vascular injuries (Table 13.1). However, they rep
resent about 14% of abdominal vascular injuries. 
Diagnostic signs may include pain in the side, he
maturia, or a negative early urogram. The diagno
sis is confirmed by aortography. The most useful 
technique is digital subtraction angiography. How
ever, the small ischemic tolerance of the kidney, 
less than 1 h, makes treatment very urgent and 
does not allow time-consuming diagnostic proce
dures. Therefore, if there is adequate suspicion, 
laparotomy should be performed. 

The operative details are described in the ap
propriate chapter (see p. 609 ff.). The decision as 
to whether a reconstruction is logical and techni
cally feasible or whether a primary nephrectomy 
should be carried out depends on any additional 
parenchymal or renal vein injuries. 

An attempt at reconstruction may be made ex
tending beyond the ischemic tolerance time since 
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the renal blood supply can be maintained by ves
sels of the capsula and since in favorable cases, 
renal arteries can be reconstructed successfully, 
even after several days [53, 66]. However, this at
tempt should be undertaken only if the contralat
eral kidney is healthy and if circulation is stable. 
The high mortality (see below) obliges one to con
sider whether the additional prolongation of oper
ating time as compared with nephrectomy can be 
justified. 

Favorable conditions for a reconstruction are 
proven flow in the renal arteries, diagnosed preop
eratively by angiogram or intraoperatively, and 
simple lesions caused by penetrating trauma. In
traoperatively, the ischemic time may be pro
longed and the blood flow to the kidneys demon
strated by perfusing the kidney through an intralu
minal catheter, using a cooled solution (25 mllow 
molecular weight dextran + 25 ml Ringer's solu
tion + 1000 IU heparin at 4° C). If the kidney com
pletely loses its color, larger infarctions or rupture 
of polar arteries can be excluded. Otherwise, in
complete revascularization and subsequent neph
rogenic hypertension can be expected, which in 
85% of these cases entails secondary nephrectomy 
[66]. 

As reconstructive procedures, lateral suture, ve
nous patch graft angioplasty, venous interposition, 
and perhaps aortorenal bypass may be performed 
(see p. 616ff.). 

The results show a mortality of 37% [66]. Only 
10% of kidneys following arterial injuries and 
about 40% of kidneys after revascularization may 
be saved. 

5. Iliac Arteries 

Lying deep within the small pelvis, the iliac arteries 
are anatomically well protected; nevertheless, inju
ries to these arteries are relatively frequent (Ta
ble 13.1; 30% of all abdominal arterial injuries 
[26]). 

Blunt trauma is the result of direct force in or 
above the groin and of pelvic fractures. Among 
sharp traumas iatrogenic injuries are of greater im
portance, especially in the distal portion of the 
artery. Injuries during angiography or during op
erative procedures such as appendectomies, gyne
cologic and orthopedic operations (endopros
theses) have been reported. 

Ligation of the common iliac artery leads to 
amputation in 53.8% and ligation of the external 
iliac artery requires it in 46.7% [11]. Also, ex-
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tremely severe necroses of the gluteal region have 
been described. Reconstruction is therefore obliga
tory. 

Exposure of the vessel begins either transperi
toneally, from a medium or paramedian incision, 
or extraperitoneally, through an oblique incision 
in the side extending down to the groin and pro
viding very good exposure. 

The principles of reconstruction are direct su
ture, venous patch angioplasty, and saphenous 
vein interposition. Even though the approach is 
relatively easy and the diameter of the vessel is 
favorable for rapid reconstruction, the mortality 
is still high, 30%-40% [3,24,26]. The underlying 
reason is frequent concomitant vein injury, which, 
especially in the true pelvis, can cause bleeding 
that is difficult to control. 

IV. Vascular Injuries of the Lower Extremity 

1. Common Femoral Artery 

Because of its length of only 5 cm and its relatively 
protected position, injuries of the common femoral 
artery have a relative incidence of only 5% (Ta
ble 13.1). In civilian series, stab wounds, gunshot 
wounds, and iatrogenic injuries are mainly respon
sible. Catheterization of vessels or of the heart 
cause vascular injury in 0.12% of cases [25]. How
ever, common femoral artery injuries account for 
about 50% of all iatrogenic vascular injuries [25]. 

Blunt trauma is caused by impalement and by 
bicycle handlebar and sled injuries. 

The diagnosis of an injury to these superficial 
vessels is easy in that sharp trauma causes bleeding 
and formation of hematomas while blunt trauma 
causes peripheral ischemia. Additional diagnostic 
procedures beyond routine examination with a 
Doppler ultrasound probe are seldom necessary. 

The technique of exploration is known from the 
treatment of arterial occlusive disease (see p. 392). 
In cases of severe bleeding, it is advisable to expose 
first the external iliac artery by an extraperitoneal 
approach above the inguinal ligament in order to 
control the bleeding. 

The preferred method of reconstruction is direct 
suture, excision of the lacerated vessel wall and 
suture with a venous patch graft. Less often, an 
end-to-end anastomosis or interposition is per
formed. The greater saphenous vein may be used. 
If its diameter is significantly smaller than that 
of the common femoral artery, the vein can be 
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tailored so that two venous segments of the same 
length are slit longitudinally and sutured together 
along the longitudinal edges. The circumference 
of the graft is thus doubled [70]. When the com
mon femoral artery is ligated, the extremity is lost 
in over SO% (Table 13.3). Revascularization is usu
ally successful. Some deaths result from 
exsanguination, shock due to fluid loss, or from 
severe concomitant diseases [3]. 

2. Profunda Femoris Artery 

The profunda femoris artery is thought to be vir
tually invulnerable [45]. However, when the vessel 
is injured it should be reconstructed [24]. Ligation 
may result in extensive destruction of the femoral 
musculature with renal failure and death, despite 
palpable pulses at the foot [24]. 

3. Superficial Femoral Artery 

Injuries of the superficial femoral artery are of spe
cial quantitative significance, with an incidence of 
20% in peace and 30% in war. The major causes 
are: gunshot and stab wounds (including acciden
tal wounds self-inflicted by butchers), work-relat
ed crushing injuries, and especially blunt injuries 
sustained in motorcycle accidents, frequently asso
ciated with fractures. 

The clinical symptoms depend upon the etiolo
gy. The pulsating hemorrhage in cases of trauma 
has to be controlled immediately without further 
diagnostic procedures. Every closed femur fracture 
requires an angiologic examination to exclude 
blunt vessel injuries. A cool, pale, and pulseless 
limb may be misdiagnosed because of shock or 
because of being masked by collaterals. If there 
is doubt, angiography is absolutely indicated [4S]. 
The exposure of the vessel begins along the ventral 
edge of the sartorius muscle with a longitudinal 
incision. The proximal and distal healthy vessel 
segments must be exposed, if necessary by division 
of Hunter's canal (Fig. 13.Sa, b). 

Reconstructive procedures are employed ac
cording to the extent of the vascular injury and 
may consist of direct suture, end-to-end anastomo
sis, or the interposition of saphenous vein har
vested from the healthy extremity. Concomitant 
venous injuries must be diagnosed and recon
structed, either before or after the arterial repair, 
depending on the situation (Fig. 13.Sc). 

Ligation is no alternative to reconstruction of 
this vessel segment. The amputation rate is 55% 
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Fig. B.S. a Incision for the exposure of the proximal 
superficial femoral artery. A line from the middle of 
the inguinal ligament to the condylus tibialis femoris 
can serve as a guide, as can the sartorius muscle. b The 
sartorius muscle is retracted laterally and the deep fascia 
divided. The subsartorius canal is still intact and may 
be divided if necessary. c The repair of the injured femo
ral artery and vein by venous interposition graft 
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(Fig. 13.2 [11, 13]). The results of reconstruction 
are good. BURRI [3] reports that of 26 traumatized 
patients presenting superficial femoral artery inju
ries there were 3 deaths due to shock, staphylococ
cus sepsis, and fat embolization, as well as pulmo
nary complications. During the long-term follow
up, 21 of the 23 patients who survived were consid
ered to be cured. There was one amputation and 
one partial recovery. 

4. Popliteal Artery 

Popliteal artery injuries are of significance because 
of their relative incidence of 20% in war and 10%-
20% in civilian series [59]. 

They are caused by blunt trauma, such as poste
rior luxation of the knee, epiphysiolysis of the dis
tal end of the femur, supracondylar fracture of 
the femur, and tibial head fracture. The incidence 
of concomitant vascular injuries following such 
trauma is reported to be 23% [3] (Fig. 13.9,13.10). 

Penetrating trauma, such as gunshot wounds, 
are rare in central Europe; however, in the series 
reported on by SNYDER [59] they constitute 75% 
of the 110 collected cases of knee trauma. 

Ligation of the popliteal artery may result in 
amputation in 73%-75% because the collateral 
vessels may be affected as well [9, 12]. 

The early diagnosis of a popliteal artery injury 
is therefore very important because ischemic time 
plays an important role in the prognosis [22]. 

Fig. 13.9. Blunt trauma of the popliteal artery by posteri
or luxation of the knee 

Fig. 13.10. Blunt trauma of the popliteal artery by supra
condylar fracture of the femur 
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Fig. 13.11. a Exposure of the distal popliteal artery. Inci
sion from the condylus tibialis femoris along the medial 
edge of the tibia. b Following division of the fascia, the 
artery is partially covered by paired popliteal veins and 
must be dissected carefully off the veins and the tibial 
nerve 

Open trauma in the region of the knee should 
be managed by immediate surgery. Vascular injury 
must be excluded or confirmed; reconstruction 
should take place. Closed trauma requires immedi
ate angiography whenever there is clinical suspi
cion of vascular injury so that the artery can be 
reconstructed within 6 h. 

In the operative approach to the first popliteal 
segment, a medial longitudinal incision is chosen 
similar to that used for the exposure of the superfi
cial femoral artery (Fig. 13.11, see p. 394). The dis
tal popliteal segment is exposed by means of a 
longitudinal incision along the medial tibial crests. 
The gastrocnemius muscle is retracted and the ten
don of the semitendinosus muscle and of the graci
lis muscle is divided. The incision can be extended 
proximally and distally in order to expose the sec
ond popliteal segment of the trifurcation 
(Fig. 13.11 a, b). This approach is regarded as the 
standard reconstructive procedure in surgery of ar
teries. It is preferred to the dorsal approach 
through an S-shaped skin incision of the fossa 
poplitea that is chosen for the operative repair of 
minor popliteal aneurysms (see p. 281 ff.). 

The reconstructive principles include the proce
dures already mentioned; however, saphenous 
vein interposition or saphenous vein bypass are 
preferred. The saphenous vein graft should be har
vested from the healthy limb so as not to endanger 
venous flow in the injured limb. Furthermore, a 
concomitant lesion of the ipsilateral greater sa
phenous vein will then be irrelevant to the arterial 
reconstruction. Despite reconstruction, the rate of 
amputation following popliteal artery injuries was 
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still 29% in the Vietnam war [9]. Civilian series 
show similar, or somewhat better results [12, 15]. 

Of great importance are the diagnosis of con
comitant venous injuries and their reconstruction 
(see Chap. 27.1). Furthermore, a fasciotomy 
should always be carried out (see Chap. 24.3). 
Both measures may improve the results of subse
quent reconstruction of vascular injuries of this 
segment [12, 24, 37, 59]. 

5. Lower Leg Arteries 

Isolated injuries of a lower leg artery may be man
aged without reconstruction, by ligature. An am
putation rate of8.5% is reported following injuries 
of the anterior tibial artery, and of 14% following 
injury of the posterior tibial artery [11]. However, 
the major reason for these results may be the pecu
liarities of data collection and the evaluation of 
the results of war injuries rather than the vascular 
injury itself. When all three lower leg arteries are 
injured, reconstruction has to be performed; oth
erwise, there is an amputation rate of 70% [9]. 
This type of injury, however, is rare and usually 
occurs only in traumatic amputations (see 
Chap. 14). For its repair, special knowledge of mi
crosurgical reimplantation is necessary, besides 
knowledge of the approaches. Details will not be 
discussed here because of the rare incidence of 
these injuries and the description of reimplantation 
techniques in Chap. 14. 

A long saphenous vein bypass to the posterior 
tibial artery seems to have the most favorable re
sults [16]. 
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C. Sequelae 

I. Recurrent Thrombosis 

Early recurrent thrombosis following reconstruc
tions of vascular injuries depends on the severity 
of concomitant injuries. The larger the tissue trau
ma, e.g., following gunshot wounds with high ve
locity bullets, the higher the rate of recurrent 
thrombosis is [16]. In war, it is 19.3% (193 of 
100 patients) with an amputation rate of about 
25% (75). In civilian series, this complication is 
significantly less common, 1.4%-9.2% [44, 53]. 

When recurrent thrombosis is suspected on 
clinical grounds, early angiography is required. If 
the diagnosis is confirmed, one has to decide on 
the basis of clinical condition whether a reopera
tion is justified or whether one should amputate 
immediately so as not to endanger the patient's 
life [16]. 

The particular operative approach is dependent 
on the type of primary reconstruction and must 
be selected according to the circumstances of the 
individual case. Approximately half of early recur
rent occlusions can be reconstructed again [42]. 

For the diagnosis, the decision to operate, and 
for therapy of late occlusions, the same principles 
apply as in the treatment of chronic arterial occlu
sive disease. If there are clinical symptoms, a spe
cial argument for reconstruction of late occlusions 
is that concomitant injuries have healed in the 
meantime and that the arterial system is most like
ly healthy, so that another reconstruction seems 
to have a better chance than it would in the case 
of chronic arterial occlusive disease. 

ll. Infection 

With antibiotic prophylaxis and careful operative 
technique the rate of infection following arterial 
reconstructions nowadays is low. It has decreased 
from about 3% [20] to below 1 %. 

Following vascular injuries, infection of the 
graft is favored by trauma-related contamination 
of the wound and by the extensive destruction of 
tissue that results not only from the trauma itself, 
but also from posttraumatic ischemia with subse
quent muscle necrosis. Following manifest infec
tion, the chief danger is vessel rupture with massive 
bleeding. Following war injuries, this life-threaten
ing chain of complications occurs in about 4.6% 
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[45]. In civilian series, the infection rate is approxi
mately 3.5% [44]. 

For prophylaxis careful wound debridement, 
excision of non vital tissue, drainage, and adequate 
postoperative immobilization during the initial 
management are required. 

Whenever possible, segments of autogenous sa
phenous vein should be used for grafts. Exception
ally an alloplastic vascular prosthesis, e.g., a PTFE 
prosthesis, may be used, provided it can be covered 
with healthy tissue [21, 22]. 

An extra-anatomic bypass may have to be 
chosen. 

Broad-spectrum antibiotic therapy is advisable 
for several days. It should also be directed against 
anaerobic bacteria. 

In case of a deep wound infection, the wound 
should be opened wide and revised surgically. Af
terward, rinsing and suction drainage may be per
formed. If the vessel ruptures due to the infection 
or if there is a primary rupture, proximal and distal 
ligature of the artery must be performed. The 
wound is either closed, applying rinsing and suc
tion drainage, or an antiseptic treatment is carried 
out. Peripheral circulation is restored by an extra
anatomic bypass, passing through noninfected tis
sue (see also Chap. 10.2). In cases of peripheral 
vascular injury with massive infected tissue necro
sis and secondary infection of the reconstruction, 
the indication for early amputation is critically im
portant for the further course of the disease. 

An infection with anaerobic bacteria (e.g., gas 
gangrene) must be diagnosed at the earliest possi
ble time and the appropriate measures must be 
taken. 

ill. Torniquet Syndrome, Compartment Syndrome 

The discontinution of peripheral blood flow causes 
significant injuries of the organ systems supplied 
by this vessel. After only 30 min of ischemia pares
thesia and hypesthesia may occur as symptoms 
of incipient nerve damage. There may be irrevers
ible loss of sensitivity after 12 h of ischemia. 

Disturbances of vessel function are noticed 
after 2 h of ischemia and will cause complete loss 
of functions after 4-12 h. This is usually irrevers
ible after 1 h of ischemia. The term "tourniquet 
syndrome" usually summarizes organ manifesta
tions occurring after reperfusion of an extremity 
following longer ischemia (more than 4-6 h). The 
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common sequelae are the result of the inflow of 
potassium, acidic metabolic products, and myo
globin into the organism, and of hemoconcentra
tion due to the peripheral edema [24, 62]. Hyper
kalemia, acidosis, and lack of fluid may cause se
vere damage to cardiac and renal functions, with 
eventual cardiac arrest or renal failure. The best 
therapeutic measures are sufficient fluid replace
ment, early administration of bicarbonate, and do
pamine. 

Postischemic edema causes a local increase of 
subfascial tissue pressures from 0-5 mmHg to 
more than 40 mm Hg [52]. This additionally im
pairs circulation and function of the appropriate 
musculature (compartment syndrome). Muscle ne
crosis and late sequelae threaten when no other 
measures are performed [28]. The commonest site 
for a compartment syndrome is the anterior tibial 
compartment [64]. However, it may also develop 
at the upper extremity in the compartment of the 
flexor muscles of the forearm and also in other 
muscle compartments of the lower extremity. 
Strangulation dressings have to be split. Too much 
elevation of the leg must be avoided as it would 
further worsen peripheral circulation. The therapy 
of choice is fasciotomy with wide opening of the 
appropriate compartments [43]. 

Following vascular injuries, especially in the re
gion of the popliteal artery, decompression by fas
ciotomy should be performed primarily. When 
there is a significant compartment syndrome the 
skin should not be closed. It should stay open and 
be closed secondarily by a plastic surgical proce
dure (see also Chap. 24.3). 

IV. Arterial Aneurysm, False Aneurysm 

True arterial aneurysms resulting from vascular in
juries have been reported [3], so seldom, however, 
that they play practically no role. The repair 
should be performed according to the principles 
of aneurysmal surgery. Following stab wounds or 
gunshot wounds, "false aneurysms" or "pulsating 
hematomas" are found much more frequently. 

The wound canal is outwardly closed, and so 
the hematoma develops within the soft perivascu
lar tissue. Its periphery coagulates, but inside it 
is still perfused and shows turbulence. This injury 
is a typical iatrogenic one following cardiac cathe
terization or catheter angiography at the groin. 

Repair begins with exposure of the proximal 
and distal segment of the injured vessel. Mter 
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cross-clamping, the false aneurysm is opened, per
haps resected, and the site of perforation of the 
artery, which is usually small, is then closed by 
direct suture. Alternatively, excision of the trau
matized vascular segment and venous patch graft 
angioplasty may be performed. 

V. Arteriovenous Fistula 

In war, traumatic arteriovenous fistulas develop 
in 90% as a result of shell splinter wounds and 
splinters from bombs [68]. In civilian life, stab, 
gunshot, or iatrogenic wounds are responsible. 

Significant late sequelae include: reduced perfu
sion [24, 27]; central angiectases of the afferent 
arteries and efferent veins, which may often extend 
to the heart; and cardiac dilatation and insuffi
ciency due to the chronic volume load [27]. 

Traumatic arteriovenous fistulas occur in re
gions where artery and vein are close together and 
susceptible to simultaneous injury. In a collective 
series of 593 arteriovenous fistulas [19], the femo
ral artery is involved in 24%, the carotid artery 
in 8%, the axillary artery in 6%, and the brachial 
artery in 5%. 

One has to distinguish "uncomplicated" fistu
las, consisting of slightly altered afferent and effer
ent vessels, the vessel walls at the site of the fistulas 
being close together, from short narrow fistulas, 
with a false aneurysm in between or with aneurys
mal degeneration of the vessels. 

If a fistula is suspected, the diagnosis is easily 
made in the early stages. Fistulas of the extremi
ties, when hemodynamically effective, always emit 
pulse-synchronous "machine noise". When the 
shunt volume is large and the adaptation of the 
organism has been long enough, compression may 
cause a decrease in pulse rate and an increase in 
blood pressure (Nikoladoni-Branham sign). 

As a complement to physical examination and 
auscultation, Doppler ultrasound investigation is 
important. The diagnosis is confirmed by arteriog
raphy. It seems that digital subtraction angiogra
phy with intravenous injection can also be used 
[30]. This procedure allows identification of the 
fistula; if necessary, selective angiography can be 
performed as a second step for further preopera
tive evaluation. 

The indication for operative removal of a post
traumatic arteriovenous fistula is given generally 
because of the threat of local and systemic sequelae 
[18, 19, 23, 41, 68, 70]. When operating, one 
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should dissect very carefully because, owing to the 
thinness of the venous walls and the fragility of 
the artery in conjunction with trauma-induced in
durations, the anatomy may be difficult to identify 
and massive bleeding may occur. First, all afferent 
and efferent vessels should be dissected and tape 
placed around them in order to provide sufficient 
control of bleeding if necessary [41]. 

The simplest operative procedure is division of 
the fistula and lateral suture of artery and vein. 
If the closure is not possible without stenosing the 
vessel, it is done by means of a venous patch graft 
angioplasty (Fig. 13.12a). 

An isolated false aneurysm between the vessels 
should be resected. Afterwards, one decides wheth
er a lateral suture is possible or whether the artery 
must be resected and a graft interposed 
(Fig. 13ol2c). When there are elongations or an
eurysms of the vessels, their degree will decide 
further procedure. If the artery alone shows an 
aneurysm, then, following resection of the fistula 
and of the aneurysm, continuity can be restored 

d 

Fig. 13.12a-d. Operative repair of arteriovenous fistulas 
[as described in 25, 49]. a Short arteriovenous fistula. 
Division and direct suture of artery and vein. Alterna
tively: reconstruction of each vessel by means of a ve
nous patch graft. c Arteriovenous fistula with an inter
posed false aneurysm. Resection of artery and saphen
ous vein interposition. Closure of vein by patch graft. 
b Transvenous suture of arteriovenous fistula. Above 
right: in small peripheral vessels, the vein be ligated. 
Lower right: in larger vessels, direct suture of the vein 
following transvenous suture of the artery. d Bramann's 
method of quadruple ligation and excision. Only suitable 
for peripheral fistulas 

either by direct end-to-end suture or by means of 
a graft (vein, fabric prosthesis). Venous aneurysms 
can be resected and replaced by interposition 
grafts: a Dacron or PTFE prosthesis if the venous 
diameter is large, or a saphenous vein graft if the 
diameter is small. 

Transvenous suture of the arterial opening us
ing the Matas-Bickham technique is indicated for 
small vessels (forearm, lower leg) where lateral lon-
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gitudinal suture of the artery is forbidden. Trans
venous suture is also indicated in larger arteries 
when it is impossible to dissect the artery suffi
ciently because of its firm attachment to its sur
roundings (Fig. 13.12c) [19]. Bramman's method 
of quadruple ligation and excision should be per
formed only with smaller vessels. It can also be 
used where peripheral circulation is sustained by 
sufficient collateral flow and where the effort of 
reconstructing artery and vein does not seem to 
be justified. This procedure is not feasible proxi
mal to the knee and the elbow (Fig. 13.12d) [19, 
41]. 

In the presence of compensated relative and se
vere cardiac failure (grading according to ASCHEN

BRENNER), the attitude of surgeons regarding the 
feasibility of a later operation for arteriovenous 
fistulas was formerly one of hesitation. Such hesi
tation, however, is no longer justified. Here also, 
the aim should be the repair of all reconstructible 
vessels, including the vein [18]. 
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An amputation is the total separation of all, or 
almost all, anatomic structures from the body; 
only very few connections to the body may remain. 
No sign of blood circulation is present. 

II. Replantation 

A replantation is the operative reconstruction of 
all structural connections. The most important, of 
course, is the vascular connection because only this 

guarantees the vitality of the peripheral part as 
well as healing after surgery. Today, the surgeon 
always tries to reconstruct all functional structures 
with the greatest possible degree of anatomic cor
rectness. The time interval between amputation 
and replantation - the period of total interruption 
of blood circulation - is incorrectly called the 
ischemic time. The term anoxemia is more accu
rate. By cooling the amputated part down to 4° C 
this period may be prolonged without irreversible 
damage that would jeopardize the success of re
plantation (in fingers almost 24 h). In principle, 
however, the shorter the time of anoxemia, the 
higher the rate of healing is. 

III. Total and Subtotal Amputation 

A peripheral body part may be totally separated 
from the body. This is called "total amputation". 
If tissue connections to the body, such as tendon 
fibers remain, such an injury is then called a "sub
total amputation. " 

According to the connecting structure, we dif
ferentiate the following types of subtotal amputa
tion: 

Type I 
Type II 
Type III 
Type IV 
Type V 

bones 
extensor tendons 
flexor tendons 
nerves 
skin connections 

IV. Macro- and Microreplantations 

Because there are important technical and clinical 
differences between the replantation of an arm and 
a thumb, we distinguish between the following two 
groups: 

1. Macroreplantations: proximal to the wrist or 
ankle joints. 
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Zones 

II 

III 

IV 

V 

Fig. 14.1. Zones of amputation in the hand 

2. Microreplantations: distal to the wrist or ankle 
joints. Other amputations, such as scalping in
juries and ear and nose amputations, also be
long to this group if replantation requires mi
crosurgical techniques. 

v. Classification of Hand Amputations 

According to the level of amputation, we distin
guish five hand zones (Fig. 14.1). This classifica
tion is important for the surgical indication and 
operative technique. Therefore, it will be referred 
to in the corresponding sections. 

B. Indications for Replantation 

Today, replantation is indicated as a matter of 
course in every amputation. Factors limiting im
mediate surgical treatment include poor general 
condition or severe concomitant injuries. Life
threatening conditions always have priority over 
replantation! Furthermore, it is impossible to re
plant body parts which have been totally des
troyed. 

In addition to these criteria, certain functional 
aspects of the hand must be considered. These 

E. BIEMER 

have developed from the evaluation of long-term 
results: 

Absolute indications: 
Thumbs 
Several long fingers 
Midhand 
Hand 
Amputations in children (there is one restric
tion, determined by the long-term results; 
see below) 

Relative indications: 
End phalanx 
A single finger 

No indications: 
Single fingers in patients who work outdoors 
(intolerance to cold) 
Replantation of a single finger with a destroyed 
large joint (proximal joint, middle joint) 

This classification is not a rigid scheme. It is in
tended to serve as an orientation. As a matter of 
principle, in the last two groups the final decision 
should be made only after consultation with an 
experienced hand surgeon. Aesthetic and psycho
logical aspects must always be considered. 

The long-established rule that amputations in 
children are always absolute indications for surgery 
must be revised today. It has been shown that re
planted body parts always show considerable 
growth retardation. Moreover, deformations com
monly develop later on, owing to partial injury 
to the epiphysis. Children also have a large adap
tive capability and can, for example, completely 
compensate for a missing finger. Replants that 
show strong growth retardation or that have 
healed in the wrong position often make complicat
ed secondary surgery or reamputation necessary. 

C. Technique of Replantation in the Hand 

In principle, replantation always involves recon
struction of all functional structures. This means 
that total surgical repair is done in one session. 
If the destruction of tendons and nerves does not 
allow reconnection, nerve transplantations or 
nerve and tendon transfers should be performed, 
if necessary. 
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In some cases, silicone rods may be implanted 
to pave the way for tendon transplantation at a 
later time. Total primary surgical repair shortens 
the time of treatment in the long run and reduces 
the number of secondary operations, which are 
usually very difficult. 

I. General Preparation of the Injured Patient 
for Replantation 

After the patient has been informed of the necessi
ty of surgical reconstruction, a complete general 
medical examination should follow. This means: 

a) Laboratory examinations: electrolytes, hemo
globin and hematocrit, blood typing, and pa
rameters of coagulation. These values are neces
sary because amputation often leads to severe 
hemorrhage; and general anesthesia, together 
with infusion therapy, may lead to electrolyte 
shifts. Furthermore, they are needed as control 
values, especially if heparinization is necessary 
during and after surgery. 

b) Past history: chronic diseases, medication, clot
ting disorders, diabetes mellitus, etc. 

c) X-rays of the injured limb and of the amputated 
body part. 

d) EeG and chest X-ray. 
e) Tetanus immunization. 

II. Surgical Procedure 

The patient must be positioned carefully and com
fortably on the operating table since surgery of 
the upper extremity under plexus anesthesia (axil
lary plexus) takes about 9-10 h. In our experience, 

Fig. 14.2a-c. Visualization and marking of the neu
rovascular bundles by longitudinal incisions 

the patient can lie very comfortably on his/her nor
mal ward bed during the operation. 

As the patient is being prepared for surgery, 
the surgeon can begin the dissection of the totally 
amputated body part. All of the structures which 
have to be reconnected are carefully exposed and 
marked, the arteries with clips, the nerves with 
6-0 nylon sutures, the flexor tendons and extensor 
tendons with 4-0 nylon sutures. 

We recommend small longitudinal incisions of 
the skin over the neurovascular bundles for better 
orientation. The triangular skin flaps are retracted 
and held in place by suturing them directly to the 
skin surface. Following internal fixation, a rhom
boid skin defect is formed which provides good 
exposure of vascular anastomoses and nerve su
tures. 

Moreover, these longitudinal incisions interrupt 
the circular scars on the finger (Fig. 14.2). 

1. Wound Excision and Markings 

The identification and marking of structures within 
the amputated stump under magnification is ex
tremely important. Following internal fixation, it 
is usually not possible to find vessels or nerve 
stumps. Wound excision is performed only after 
structures are marked. All injured tissue should 
be removed. 

The foremost rule in replantation surgery is: 
When connecting tissues to one another, con

nect only" viable with viable. " 
The severest complication following replanta

tion is circular connective tissue necrosis in the 
area of the anastomosis. Trimming of the vascular 
ends and nerve stumps is done under the micro
scope. The stronger magnification of this instru-

=---
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ment allows for a better assessment of the fine 
structures. 

Bones must be shortened and their surfaces 
smoothed before one is able to reconnect all struc
tures. Excessive shortening must be avoided, how
ever, especially in the thumb. Vascular defects 
should not be compensated by further shortening 
of the bone, rather, they are an indication for mi
crosurgical vein interposition. For replantations in 
the hand, the following order of reconstruction 
has been established: 

1. Internal fixation 
2. Suture of the flexor tendons 
3. Suture of the tendon sheaths 
4. Anastomosis of both volar finger arteries 
5. Suture of both volar finger nerves 
6. Suture of the extensor tendons 
7. Anastomosis of 1-2 dorsal veins per finger 
8. Loose skin adaptation 

2. Internal Fixation (Fig. 14.3a--e) 

Central intramedullary Kirschner wire (Fig. 14.3a) 

Advantages: Quick, simple, always applicable. Ro
tation makes vascular anastomosis easier. The 
wire can be easily removed. 
Disadvantages: No exercise stability of the internal 
fixation, no rotational stability. In most cases, 
neighboring joints must also be fixed. 

Two short, crossed drill wires (Fig. 14.3b): 

Advantages: Greater stability, including rotational 
stability. Relatively simple technique. Easily re
moved. 
Disadvantages: Not applicable in severe infrac
tions of the bones and near joints. It is often neces-

a b c d e 
Fig. 14.3a-e. Internal fixation in replantations of the 
hand. a Simple intramedullary Kirschner wire, b crossed 
Kirschner wires, c two transosseus wire sutures, d mini
plate and screws, e intramedullary screw fixation 
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sary to include neighboring joints. No exercise sta
bility. 

Transosseous wire sutures with temporary intrame
dullary central Kirschner wirefixation (Fig. 14.3d): 

Advantages: Good compression and exercise sta
bility. 
Disadvantages: Complicated technique, can only 
be used in fractures which are not next to joints. 
Not applicable where there are extensive infrac
tions or multiple bone fragments. Removal of the 
osteosynthetic material is difficult or impossible. 

Plates and screws (AO small fragment instrumen
tarium) (Fig. 14.3d): 

Advantages: Absolute exercise stability. 
Disadvantages: Only applicable in the metacarpal 
region. Cannot be used with infractions or multi
ple bone fragments, also not near joints. A long 
segment of the bone must be exposed. Complicated 
and time-consuming method: The material must 
be removed in a second operation. 

Intramedullary screw fixation (Fig. 14.3e): 

Advantages: Absolute exercise stability with good 
compression. 
Disadvantages: Applicable only in the middle third 
of the phalanx. Not possible with infractions or 
multiple bone fragments. A large metal body must 
remain permanently in the bone (danger of metal
losis). 

Selection of the most suitable osteosynthetic mate
rial is made according to the particular require
ments in each individual case. 

3. Suture of the Flexor Tendons 

Although finger amputations occur within the area 
described by BUNELL as "no man's land", primary 
reconstruction of all parts of the flexor apparatus 
is the aim. The deep and superficial flexor tendons 
are sutured with a Kessler suture, followed by ad
ditional fine adaptation (Fig. 14.5). A 4-0 woven 
synthetic suture and two straight needles are used. 
A 6-0 to 7-0 monofilament nylon suture is used 
for continuous fine adaptation. One should also 
attempt to adapt the tendon sheath and perios
teum lying beneath the tendons. Both tendon 
stumps are held in place by the BIEMER tendon 
adapter (Fig. 14.4). 
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Fig. 14.4. Tendon adapter according to BIEMER (Aescu
lap Company) 

4. Arterial Anastomosis 

As a matter of principle, both volar finger arteries 
should always be anastomosed to maximize perfu
sion. In thumbs and index fingers, the radial arter
ies are often very weak or sometimes not even 
present. In such cases, only the ulnar vessels can 
be anastomosed. 

The stumps must lie opposite one another, 
loosely and without tension. Double clamps or 
vascular adaptors are not used in our clinic. The 
anastomosis is then performed as described in the 
chapter on suture techniques. 

5. Nerve Suture 

The sensory finger nerves may be separated into 
1-3 fascicles. This allows a true interfascicular or 
a perineural suture to be performed. 

Only 2- 3 epiperineural sutures are usually 
placed; further divisions are not made (Fig. 14.7). 
Just as with tendons, the nerve stumps may be 
held by a BIEMER nerve adapter (Fig. 14.6). 

It is difficult to connect the motor fibers of the 
median nerve and the ulnar nerve in amputations 
of the entire hand. In these large nerves a perineu
ral suture of each fascicular bundle should be per
formed (Fig. 14.7). 

6. Suture of the Extensor Tendons 

After connecting all structures on the palmar side 
the hand is turned over and the extensor tendons 

Fig. 14.5. Kessler suture with fine adaptation of the flex
or tendon 

Fig. 14.6. Nerve adapter according to BIEMER (Aesculap 
Company) 

Eponeurlum 

a 
Fig. 14.7. a Interfascicular suture in polyfascicular 
nerves. b Epineural suture of an oligofascicular nerve 

are reconstructed. If possible, all parts should be 
adapted with 4-0 to 5-0 monofilament nylon su
tures. 

7. Venous Anastomoses 

The one or two larger veins exhibiting the stron
gest back flow should be identified in each finger. 
They are then marked with clips and stabilized. 
If no corresponding venous stumps can be found, 
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0blique connections can be constructed by im
planting small vein graft interpositions. Because 
there is very little tissue between these veins and 
the skin, tendons, and bones, no tension should 
remain on the venous anastomoses. 

Careful ligation or coagulation of all other 
bleeding veins prevents recurrent hemorrhage and 
raises flow velocity up to arterial values in the 
one or two venous connections thus constructed. 
We think this is a good prophylaxis of venous 
thrombosis. Therefore, we do not create more than 
two well-functioning venous anastomoses. 

8. Skin Suture 

Adaptation of the skin is achieved with only a 
few loose stitches. The anastomotic sites should 
be covered by skin. However, it has been shown 
that in some cases, it is better to keep venous inter
positions uncovered, rather than achieve skin clo
sure under tension. Free skin transplants or local 
flaps may be used. 

For the prevention of circular scars, small skin 
incisions or Z-plasty are useful techniques. 

9. Wound Dressing 

The wound dressing should not constrict or stran
gulate any part of the wound area. We use lubricat
ed strips of gauze and wrap them smoothly in cot
ton. A loose gauze bandage holds the dressing ma
terial in place. This creates a loose and absorbent 
wound dressing. All finger tips must remain un
covered so that their appearance can be judged 
at all times. We do not use splints or plaster casts 
any more because we have seen repeated injuries 
due to compression (Fig. 14.8). 

Fig. 14.8. The hand is raised slightly in supination with 
a loose dressing wrapped around it 
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The dressing should be changed only when ab
solutely necessary. If a dressing becomes complete
ly soaked with fresh or dry blood, it must always 
be removed, otherwise, it may cause constriction 
of the wound area. 

10. Medication 

The reader is referred to Chap. 6.6 on microvascu
lar surgery. 

11. Postoperative Care 

Because most vascular thromboses occur within 
the first 24 h, the patient must be routinely moni
tored following each replantation, in order to de
tect circulatory disorders quickly and, if necessary, 
to reintervene. Several instruments are used for 
this purpose: temperature recording instruments, 
plethysmography, Doppler ultrasound, percutane
ous P02 measurements, thermography, etc. In our 
experience, and in the experience of other centers 
worldwide, clinical observation is the most secure 
and reliable method. Therefore, the replanted 
body part should be inspected every 2 h. Nail pres
sure, temperature measurements, and, if necessary, 
puncture of the skin with a small lancet afford 
control of perfusion. If there are any signs of re
duced blood circulation or venous stasis, the 
wound dressing and the skin sutures must be 
checked first in order to detect possible compres
sion from the outside. If the condition does not 
improve within a very short period of time, a re
operation is indicated. 

If the venous drainage system does not function 
properly and stasis cannot be relieved, there is still 
a chance of improvement by making several inci
sions under heparinization for the purpose of let
ting the congested blood flow out of the recon
structed body part. Leeches may also be placed 
on the congested area. Of course, during such a 
procedure, constant hemoglobin and hematocrit 
checks must be made, since in some instances 
blood loss may be considerable. 
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D. Specific Considerations in 
Different Mechanisms of Amputation 

I. Cutting Amputation 

A cutting amputation is an injury caused by a nar
row-edged and relatively sharp object and produc
ing minimal traumatization at the line of amputa
tion. Circular saw amputations are the commonest 
injuries of this type. 

A relatively smooth cutting amputation offers 
the most favorable conditions for replantation. As 
a result of the fact that the bone is only very slight
ly shortened, it is usually possible to effect vascular 
anastomoses, and nerve and tendon sutures as 
well, that are free of tension. In oblique amputa
tions, which are common injuries of the left thumb 
among right-handed persons with a circular saw, 
the tangentially injured volar vessels must often 
be bridged by venous interposition grafts so that 
the thumb does not become too short. 

ll. Crushing Amputation 

In a crushing amputation, the entire crushed tissue 
zone must be resected. In these areas the vessel 
walls are damaged so badly that vessel occlusion 
is caused by intimal lesions. Furthermore, necrosis 
of the connective tissue or skin surrounding the 
area of anastomosis almost always leads to throm
bosis. In subtotal crushing injuries, this mandatory 
resection is often not performed in an effort to 
preserve structures. Existing skin bridges in partic
ular make replantation easier because of their vein 
connections. 

However, in many cases, we have found that 
these preexistent vein connections have been dam
aged so badly that they play no important func
tional role in limb preservation. Instead, we have 
found them to be obstructed by thrombosis during 
the postoperative course. Therefore, in subtotal 
crushing injuries, it is often better to convert a 
subtotal amputation into a total smooth cutting 
amputation by resecting the entire crushed zone 
first and then performing replantation. 

ID. Evulsion Amputation 

This type of injury is the most unfavorable condi
tion for replantation. The main problem in such 
amputation.s is that the various structures are not 

separated at the same level; instead, some are tom 
more proximally and some more distally. 

We have observed that, in these amputations, 
the flexor tendons usually tear at sites which lie 
high up near the origins of the forearm muscles, 
and that the extensor tendons are divided at the 
level of bone fractures. The neurovascular bundle 
is usually injured at different levels. The nerves 
are almost always longer than the vessels. The dor
sal veins tear at the edge ofthe skin remants, which 
differ considerably in length. Evulsion injuries 
most commonly occur at the thumb. 

In most cases arterial reconstruction is possible 
by means of vein interposition grafts. Sometimes, 
revascularization is only possibly by reconnection 
of the superficial branch of the radial artery in 
the tabatiere. The flexor tendon of the thumb, 
which usually tears far up near the origin of the 
forearm muscles, may be replaced by a subcutane
ously displaced superficial flexor tendon of a long 
finger. In cases where the thenar muscles are still 
well preserved and primary arthrodesis of the 
proximal thumb joint is performed, the thumb 
may still show good function without replacement 
of the flexor tendons. 

The problem of resensibilization must be indi
vidualized. Transfer of the ulnar finger nerves or 
connection to a dorsal branch of the radial nerve 
is possible. These maneuvers may achieve excellent 
protective sensibility in the thumb. 

IV. Skeletizing Amputation 

Skeletizing injuries are characterized by the preser
vation of the skeletal and tendinous apparatus. 

Only the surrounding soft tissue coat is pulled 
off. Such a mechanism can be seen in accidents 
involving rollers, e.g., in pressing machines, where 
the extreme tip of the finger gets stuck in the ma
chine, and the coat of soft tissue around the finger 
is tom off like a glove. 

Another mechanism is encountered when a 
finger ring gets stuck. The ring scrapes the soft 
connective tissue off the finger. 

In both cases severe injury of the amputated inte
gument results, either as a consequence of the 
crushing between the rollers or the scraping and 
pushing of the ring. Peripheral bone parts of vary
ing length may be ripped off, together with the 
skin covering. 
, The reconstruction of such circular stripping 
of the skeletal apparatus is possible only by means 
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of pedicled flaps or cuffs in step-by-step opera
tions. In some cases, the neurovascular bundle is 
amputated over the tendons along with the soft 
tissue integument, making true replantation possi
ble. If such a reconstruction is successful, very 
good aesthetic and functional results can be ex
pected as the joints and tendons remain uninjured. 

v. Severe Combined Forms of Amputation 

These types of amputation are a combination of 
crushing, tearing, or other mechanisms of injury. 

They are among the most difficult problems in 
replantation surgery. Vessels are not only sepa
rated at the amputation line, but also distally with
in the amputated body part. Additional massive 
crushing of the amputated parts or of the proximal 
portions of the stump almost always lead to mas
sive edema and, as a consequence, to extensive 
scar formation which limit functional results in 
the long run. At least the main zone of injury must 
be resected in these patients. If necessary, vein in
terpositions within the arterial as well as the ve
nous system must be constructed on a large scale. 
In many cases, simultaneous nerve transplantation 
is also necessary. 

Longer, destroyed portions of tendons must un
dergo secondary reconstruction, which may be 
prepared for implanting silicone rods at the time 
of replantation. 

E. Heterotopic Replantations 
(Primary Finger Exchange) 

In multiple amputations in which the parts are al
most completely destroyed or not present at all, 
the general principles of hand reconstruction must 
be observed. 

Since the hand is a grasping organ, one must 
always attempt to restore its grasping function. 
For example, if all the fingers and the thumb are 
amputated, and the thumb cannot be replanted, 
the amputated index finger should be used for re
construction of the thumb. A dispensable ampu
tated index finger or another finger which is so 
severely destroyed at its proximal joint that replan
tation is not indicated are most suited for this pur
pose. 

The thumb is reconstructed first, then the ulnar 
finger (ring, or little finger), and finally the other 
fingers, if possible. 

E.BIEMER 

F. Postoperative Physiotherapy 

Of the utmost importance for later function of 
the hand is postoperative physiotherapy. In our 
hospital, this is performed according to the follow
ing scheme, provided no problems are encountered 
during recovery: 

Passive treatment: starting on day ~ 
Active treatment: starting in week 3 
Provisional exercise: after removal of implanted 
Kirschner wires 

G. Microreplantations of Other Parts 

I. Scalping Injuries 

These injuries are always an absolute indication for 
replantation. Usually, the scalp is ripped off at 
the periosteum. First, it is shaved and cleansed. 
The veins are easily identified on the bottom sur
face of the scalp. The arteries are harder to find 
since they run subcutaneously. 

The temporal and occipital arteries are best 
suited for anastomosis. To ensure blood circula
tion after a total scalping injury, anastomosis of 
only one artery is sufficient. The "watershed" at 
the top of the head, which has often been postu
lated by several investigators, does not exist. 

ll. Injuries of the Face 

Sometimes, in children parts of the lip or entire 
portions of the middle face have been bitten off 
by dogs. In these injuries, the vessels must be 
searched for according to their topographical posi
tions. The results achieved so far in these opera
tions justify the absolute indication for replanta
tion in such cases. 

ill. Amputation of the Penis 

This is a very rare form of amputation which is 
usually the result of self-mutilation by a psychiat
ric patient. The vessels are larger and easily identi
fied. In order to achieve good circulation to the 
glans penis, not only the dorsal vessels should be 
reconnected, but also the central ones. Of course, 
nerve suture is absolutely necessary. 
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IV. Peripheral Amputations of the Foot 

Amputations distal to the ankle joint are also very 
rare. Replantation is only indicated in smooth cut
ting amputations. 

In amputations of the toes, the large toe alone 
is sometimes replanted for aesthetic reasons. This 
remains, however, a relative indication. 

In metatarsal and foot amputations, shortening 
of the foot should not be too extensive. Further
more, there must be a possibility of resensibilizing 
the amputated part. The vessels are large and easy 
to anastomose. All other structures are repaired 
as anatomically as possible. 
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A. Anatomy and Etiology 

Anatomy. See Chaps. 2.1, 2.2, 7.1, 8, and 10 

I. Aneurysms of the Supra-aortic Branches 

Aneurysms of the extracranial carotid artery are 
very rare and are limited mainly to the common 
carotid artery and the internal carotid artery [1, 
4-7, 9, 10]. In regard to etiology, traumatic aneu
rysms are predominant, followed by arteriosclerot
ic ones. Luetic aneurysms are a rarity nowadays. 

Furthermore, aneurysms have been noticed fol
lowing cystic medial necrosis, fibromuscular dys
plasia, and other congenital malformations. 

II. Aneurysms of the Upper Extremities 

Aneurysms of the subclavian artery, which are rel
atively frequent and mainly caused by a cervical 
rib, represent a poststenotic dilatation [2, 3]. They 
are seldom of arteriosclerotic origin. Also, tuber
culosis located at the apex of the lung with peri
subclavian inflammation may cause an aneurysm. 
In Marfan's syndrome, the subclavian artery is one 
of the preferred localizations. 

Aneurysms of the brachial artery are mostly 
of traumatic origin or caused by transbrachial 
catheter angiography. Injuries also playa role in 
the development of aneurysms of forearm arteries. 

Rarely, aneurysms of large supra-aortic 
branches in combination with other peripheral an
eurysms are observed. 

B. Indication for Operation 

The indication for operation is based on all of 
the findings, the age, and the general condition 
of the patient. 

In contrast to central or peripheral aneurysms 
of the lower extremity, thromboembolic complica
tions have to be mentioned first; the risk of aneu
rysm rupture is low. According to a survey of the 
literature by HOBSON et al. [3] 86% of the aneu
rysms of the axillosubclavian arteries cause periph
eral embolizations. Some 19% of patients showed 
concomitant neurologic symptoms, pressure injury 
of the brachial plexus being commonest. 

Therapy is indicated in patients with aneurysms 
that cause embolization, especially aneurysms of 
arteries supplying the brain. In the case of a rup
tured or nonruptured aneurysm, we also consider 
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it"an indication for operation when there is com
pression of adjacent nerve structures with neu
rologic deficit. In case of a thrombosed aneurysm, 
operation is indicated only when the blood flow 
in the organs supplied by that artery is diminished, 
e.g., in the presence of cerebrovascular insuffi
ciency. If thrombosis remains asymptomatic, oper
ative therapy is not indicated. 

Where the aneurysm is associated with a steno
sis of the carotid artery above or below the aneu
rysm, the indication for operation of both lesions 
is urgent. 

Younger patients may be treated prophylacti
cally (in order to prevent the complications men
tioned) when the aneurysm can be removed rela
tively easily and with minimal risk. 

When judging whether surgery is indicated, we 
consider arteriographic findings to be important: 
ulcerative changes of the vessel wall and thrombot
ic deposits are factors favoring surgery (this is 
especially true for aneurysms of the carotid ar
tery); if the vessel wall is smooth, one may wait 
[8]. 

Aneurysms located directly at the base of the 
skull in the distal portion of the extracranial inter
nal carotid artery are difficult to dissect, and the 
reconstruction following resection of such an an
eurysm is a problem. In such cases two procedures 
may be considered: 

1. Ligation of the proximal internal carotid artery 
with simultaneous extra-intracranial anastomo
sis 

2. "Gradual" carotid occlusion with an ameroid 
ring 

C. Positioning 

For operative procedures of the carotid arteries 
the patient is always placed in a supine position 
with the head slightly turned to the side opposite 
that of the operation. 

The same is true for procedures on the axillary 
and subclavian arteries. The arm of the patient, 
however, should also be fixed in an abducted posi
tion, thereby allowing a graft to be anastomosed 
peripherally, if necessary. 

For a transaxillary operation on a subclavian 
aneurysm, the patient is placed in the lateral posi
tion. 
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For correction of aneurysms of the upper ex
tremity the arm is also abducted, rotated external
ly, and secured on an arm board. 

In our opinion, the possibility of repair by 
means of a saphenous vein interposition ought to 
be considered. For that purpose, both inguinal re
gions as far as the middle of the femur should 
be draped for harvesting the greater saphenous 
vein. 

D. Operative Exposure 

The choice of operative procedure and conse
quently also of operative exposure is dependent 
upon the localization and the size of the aneurysm. 
As a matter of principle, it is important that expo
sure be as generous as possible for repairs with 
low risk [8, 11]. 

Innominate aneurysms are corrected by median 
sternotomy. The mediastinum may be widely ex
posed by the use of a rib retractor at the region 
of the manubrium sterni. This provides for secure 
cross-clamping at the origin of the innominate ar
tery (Satinsky clamp; Fig. 15.1.1 b). For aneu
rysms of the common carotid artery located close 
to the origin, a partial median sternotomy may 
be sufficient (Fig. 15.1.1 a). 

The carotid bifurcation is exposed by an incision 
at the anterior border of the sternocleidomastoid 
muscle with possible extension of the incision pos
teriorly (Fig. 15.1.3a). 

Subclavian aneurysms on the right side are ex
posed by supraclavicular incision, perhaps in com
bination with a partial median sternotomy 
(Fig. 15.1.6a). 

Subclavian aneurysms on the left side, located 
centrally, require exposure through the third inter
space, with tapes placed around the aorta, the sub
clavian artery, and the vertebral artery, and a Sa
tinsky clamp placed tangentially on the aorta, ex
cluding the subclavian artery (Fig. 15.1.5a, b). 
Smaller extrathoracic subclavian aneurysms may 
be resected using a supraclavicular approach 
alone. Surgeons who are familiar with the transax
illary resection of the first rib may prefer the trans
axillary approach to subclavian aneurysm. 

Aneurysms of the vertebral artery are exposed 
by a supraclavicular approach, following division 
of the anterior scalenus muscle, with preservation 
of the phrenic nerve (Fig. 15.1.6a). 
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Fig. 15.1.1. a Median sternotomy with possible supracla
vicular extension to expose the innominate artery. b Ex
posure of the innominate artery and exclusion using a 
Satinsky clamp on the aortic arch. c Interposition of a 
straight prosthesis (8 mm). d The prosthesis is inclosed 
in the aneurysmal sac. e Interposition of a bifurcation 
prosthesis (14 x 8 mrn) 
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Aneurysms of the axillary artery and of the sub
clavian-axillary junction are best exposed by an 
infraclavicular incision. A transaxillary approach 
with resection of the first rib is also recommended 
(see p. 559). 

Proximal aneurysms of the brachial artery are 
exposed by an incision in the medial upper arm, fol
lowing the course of the sulcus bicipitalis medialis. 

For exposure of distal brachial aneurysms, an 
S-shaped incision in the elbow is recommended, di
viding the fascia of the tendon of the biceps muscle. 

E. Operative Techniques 

I. Innominate Aneurysms 

The operation is performed under systemic hepar
inization. 

Following median sternotomy, the ascending 
aorta, the innominate artery, and the subclavian 
and common carotid arteries are exposed 
(Fig. 15.1.1 b). 

While dissecting, One should pay particular at
tention to the innominate vein, which may be ad
herent to the aneurysm. 
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The origin of the innominate artery is clamped 
off by placing a Satinsky clamp tangentially on 
the ascending aorta. Following cross-clamping of 
the common carotid artery and the right subcla
vian artery, the aneurysm is opened and thrombi 
are removed (Fig. lS.1.1 b). 

The aneurysm may extend into the subclavian 
or the common carotid artery. In these cases a 
bifurcation prosthesis (14 x 8 mm) or a straight 
fabric prosthesis (8 mm) must be interposed in 
either an aortocarotid or aortosubclavian position, 
as the case may be (Fig. lS.1.1 c-e). 

If a straight prosthesis is interposed, either the 
subclavian artery or the common carotid artery 
must be anastomosed end-to-side. 

The central anastomosis with the ascending 
aorta is beveled end-to-side; the distal anastomosis 
should be beveled end-to-end. 

Following the suture of both anastomoses, the 
prosthesis is covered by closure of the remaining 
wall of the aneurysm (Fig. lS.1.1 d). 

II. Aneurysms of the Common Carotid Artery 

Aneurysms close to the origin of the common car
otid artery may be corrected on the right side by 
a partial medial sternotomy. On the left side, 
thoracotomy in the third interspace is required if 
the lesion is localized proximally (Fig. 1S.1.2a). 

a ----\. , 
\ 
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The aim of dissection is to achieve the most 
generous exposure possible. This means that a tape 
must be placed around a healthy segment of the 
vessel in order to avoid intraoperative cerebral em
bolization (Fig. 1S.1.2b). 

One seldom succeeds in approximating both 
ends of the common carotid artery without tension 
following resection. The safest procedure is inter
position of an 8-mm prosthesis (Fig. 1S.1.2c). 

An autogenous segment of the saphenous vein 
should not be used in this position because of its 
smaller caliber. 

ill. Aneurysms of the Carotid Bifurcation 
and the Internal Carotid Artery 

When exposing the carotid bifurcation, the inci
sion may sometimes have to be extended cranially 
and posteriorly to achieve sufficient exposure 
(Fig.1S.1.3a). 

First, a tape is placed around the common caro
tid artery, then around the external carotid artery 
and its proximal tributaries, and finally around 
the internal carotid artery (Fig. 1S.1.3b). In order 
to avoid intraoperative micro embolization during 

Fig. 15.1.2. a Exposure of the right carotid bifurcation. 
b Exposure of a common carotid artery aneurysm. c Re
construction by interposition of an 8-mm prosthesis 
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Fig. 15.1.3. a Exposure of the carotid bifurcation. b Ex
posure of the internal carotid artery aneurysm. c Partial 
resection of the carotid artery with end-to-end anasto
mosis. d Interposition of a saphenous vein segment. 
e Partial resection of the carotid artery with partial su
ture of the posterior wall and closure of the anterior 
wall by means of a patch graft. f Resection of the carotid 
artery aneurysm followed by division of the external ca
rotid artery and suture of the proximal stump with sub
sequent reinsertion of the internal carotid artery into 
the proximal segment of the external carotid artery. 
g Partial resection followed by dilatation of the internal 
carotid artery and end-to-end reanostomosis 

mobilization of the aneurysm, dissection should 
be done with extreme care. 

Depending on the size of the aneurysm, com
plete removal with end-to-end anastomosis or 
graft interposition are performed (Fig. 15.1.3 c, d). 

Fabric prostheses should not be implanted in 
this position. If it is not possible to restore conti
nuity following resection of the aneurysm by an 
end-to-end anastomosis, interposition of a saphe
nous vein is recommended (Fig. 15.1.3d). 

The complete excision of large aneurysms can
not be recommended because their walls are often 
adherent to surrounding nerves. 
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When correcting aneurysms of the carotid ar
tery, one should also keep in mind that the afferent 
or efferent segment is often stenosed by an arte
riosclerotic plaque. Such stenoses must be consid
ered when correcting the aneurysm. Resection and 
end-to-end anastomosis of carotid bifurcation an
eurysms may cause anastomotic stenosis. In order 
to achieve a tensionless anastomosis it has been 
found useful to divide the internal and external 
carotid arteries. The cranial ends of both arteries 
are partially sutured at the posterior wall and an 
incision is made at the anterior wall. This funnel
shaped inflow will then be anastomosed end-to
end with the common carotid artery. The anterior 
wall is closed using a patch graft (Fig. 15.1.4 a-d). 

Alternatively, graft interposition following 
transection and ligation of the external carotid ar
tery is possible (Fig. 15.1.4e). 

Difficulties may arise in controlling the cranial 
segment of the internal carotid artery. We have 
found it useful to occlude the vessel temporarily 
with a Fogarty balloon catheter. 

In the region of the carotid bifurcation and the 
internal carotid artery, other reconstructive meth
ods may be also considered. 

Fig. 15.1.4. a Resection of an aneurysm at the carotid 
bi~ur~ation. b--d Reestablishment of vessel continuity by 
taIlonng a common orifice using internal and external 
carotid arteries and reanastomosis at the anterior wall 
using a patch graft. e Reconstruction of a carotid bifur
cation aneurysm by interposition of a prosthesis between 
the common and internal carotid arteries and division 
of the external carotid artery 
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1. Resection in Continuity 

Following proximal and distal clamping, the an
eurysm is resected. In the case of small saccular 
aneurysms, the internal carotid artery is beveled 
and anastomosed end-to-end with 6-0 interrupted 
sutures (Fig. 15.1.3 b, c). It is important to free 
the internal carotid artery of the perivascular tis
sue in order to provide a tensionless anastomosis. 
Excessive tension on the anastomosis will always 
lead to restenosis. 

If there is too much tension, resection and con
tinuity may be achieved by division of the internal 
carotid artery at the carotid bifurcation and clo
sure of the proximal stump. The distal stump is 
then reanastomosed end-to-end with the proximal 
segment of the divided external carotid artery 
(Fig. 15.1.3f). 

2. Saphenous Vein Interposition 

If resection in continuity fails, an autogenous sa
phenous vein graft should be interposed (Fig. 
15.1.3d). Following excision of the aneurysm 
- leaving the posterior wall intact in the case of 
larger lesions - an autogenous saphenous vein 
graft is interposed end-to-end. When suturing the 
anastomosis, one should be careful to compensate 
the difference in vessel diameter, at least that of 
the common carotid artery. This may be done ei
ther by a beveled end-to-end anastomosis, or, bet
ter, by enlarging the anterior wall using a small 
vein patch. 
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For this purpose, the anterior wall of the com
mon carotid and the internal carotid arteries is 
incised. The posterior wall is sutured half way 
around with a continuous suture. Then the au
togenous vein patch is implanted to enlarge the 
anastomosis (Fig. 15.1.3e). 

Experience shows that it is better to perform 
the cranial anastomosis first. This is easily done 
using a freely mobile graft. 

In the case of a fibromuscular dysplasia, besides 
resection of the saccular aneurysm, dilatation of 
the adjacent cranial segment of the internal carotid 
artery may be necessary (Fig. 15.1.3 g). In this case, 
the stenosed segment of the internal carotid artery 
is dilated carefully with so-called coronary dilators 
(Garrett dilators) before completion of the cranial 
anastomosis. 

IV. Aneurysms of the Subclavian 
and Axillary Arteries 

Correction of central aneurysms of the subclavian 
artery on the left side is done by means of a thora
cotomy in the third interspace. On the right side, 
the approach is by way of a total or partial median 
thoracotomy with extension of the incision supra
clavicularly and to the right. 

Interposition of a prosthesis (8 mm) end-to-end 
has proven effective. Complete excision of large 
aneurysms is not recommended. We prefer to leave 
the posterior wall of the aneurysm and to use the 
remaining portion of the sac or wrap the prosthesis 
(Fig. 15.1.5a, b). 

For the correction of peripheral subclavian or 
axillosubclavian aneurysms, a trans axillary ap
proach is preferred. The technique is described on 
p. 565. 

Alternatively, these aneurysms may be treated 
using a supraclavicular approach, and under cer
tain circumstances by division of the clavicle 
(Fig. 15.1.6a-c). Often, osteotomy alone, instead 
of clavicular resection, is sufficient to provide good 
exposure. 

Following division of the platysma and the cla
vicular portion of the sternocleidomastoid muscle, 
dissection is performed medially in the direction 
of the jugular vein. The phrenic nerve is retracted 
medially. Division of the anterior scalenus muscle 
provides good exposure of the subclavian artery 
with the aneurysm. The laterallirnitation consists 
of the brachial plexus (retraction). Medially, there 
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Fig. 15.1.5. a Exposure of the subclavian artery in the 
third interspace. b Exposure of the left subclavian artery 
by placing a Satin sky clamp tangentially on the aortic 
arch. c Interposition of a prosthesis. d Covering the 
prosthesis 
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Fig. 15.1.6. a Supraclavicular approach to expose a pe
ripheral aneurysm of the subclavian artery. b Exposure 
of an aneurysm of the subclavian artery. c Interposition 
of a prosthesis 

Fig. 15.1.7. a Supraclavicular and axillary approach to 
expose an aneurysm of the subclavian artery. b Interpo
sition of a prosthesis in a subclavian-axillary position 
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is the risk of injury to the recurrent nerve and, 
on the left side, to the thoracic duct. 

For the treatment of aneurysms of the axillary 
artery of the subclavian axillary junction, it is not 
absolutely necessary to resect the clavicle. With 
an infraclavicular incision, the aneurysm can be 
resected and a prosthesis or a vein graft interposed 
(Fig. 15.1.7a, b). 

When peripheral embolization has occurred 
from a subclavian or an axillary artery aneurysm, 
an embolectomy may be performed in the same 
session, possibly in combination with a sympathec
tomy. 

V. Vertebral Artery Aneurysms 

Extracranial aneurysms of the vertebral artery are 
rare and mostly of traumatic origin. Exposure be
gins with a supraclavicular incision, similar to that 
for the exposure of the subclavian artery. Where 
reconstruction is not required, simple ligation of 
the vertebral artery, just distal to its origin and 
again just cranial to the aneurysm, is sufficient 
(Fig. 15.1.8a, b). 

Fig. 15.1.8. a Supraclavicular approach for exposure of 
the vertebral artery. b Ligation of the vertebral artery 
in a case of aneurysm 
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If reconstruction of the vertebral artery is re
quired (stenosis or occlusion of the contralateral 
vertebral artery), transection of the vertebral ar
tery distal to the aneurysm and reinsertion of the 
distal stump into the common carotid artery is 
recommended. 

In such cases, the vertebral artery is best ex
posed through a longitudinal incision at the anteri
or border of the sternocleidomastoid muscle. Be
tween the jugular vein on the one side and the 
common carotid artery and the vagal nerve on 
the other, the vertebral vein is exposed in depth 
and divided between ligatures. The vertebral artery 
lies behind the divided vein. The artery can be 
dissected without difficulty in the direction of the 
subclavian artery as far as the aneurysm. There, 
the vertebral artery is divided. The proximal stump 
is ligated and the peripheral stump anastomosed 
to the common carotid artery end-to-side. 

VI. Brachial Artery Aneurysms 

Smaller aneurysms of the brachial artery may be 
resected and the vessel ends anastomosed end-to
end (Fig. 15.1.9a, b). With larger aneurysms, vein 
interposition is preferred, in order to achieve a 
tensionless anastomosis. In these cases, a vein graft 
may be harvested from the arm (Fig. 15.1.9c). 
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Fig. 15.1.9. a, b Exposure of the brachial artery. c Vein 
interposition following resection of an aneurysm of the 
brachial artery. d-f Resection of an aneurysm of the bra
chial artery and reconstruction of the brachial artery 
by vascular suture 

In case of a false aneurysm, one may succeed 
in closing the artery with interrupted sutures after 
removal of the thrombi. However, parts of the ar
terial wall have to be resected here as well 
(Fig. 15.1.9d- f). 

VD. Aneurysms of the Radial and Ulnar Arteries 

These aneurysms can be resected following liga
tion. A resection and primary reanastomosis is 
necessary only when both arteries are occluded. 
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F. Intraoperative Protective Measures -
Possible Complications - Follow-up 

For maintenance of cerebral blood flow during 
correction of extracranial aneurysms of the carotid 
artery, the same guidelines hold as for the entire 
spectrum of carotid artery surgery [8] . In our opin
ion securing constant circulatory parameters dur
ing cross-clamping is of the greatest practical sig
nificance. Today, we no longer use an intraluminal 
shunt in carotid artery surgery. 

When a shunt is used, the following technique 
can be recommended: 

Following cross-clamping of the carotid artery, 
incision, and removal of thrombotic material from 
the aneurysm, a graft is placed over the shunt. 
The shunt itself is then inserted upward into the 
carotid artery, flushed with the bloodstream in the 
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cranial carotid artery, and finally fixed by a tourni
quet. 

With the shunt in place, cranial and caudal anas
tomoses are performed. Before completion of the 
proximal anastomosis, the shunt is removed. 

Of the possible complications, the most impor
tant are: 

1. Ischemic cerebral injury 
2. Cerebral or peripheral embolization 
3. Recurrent thrombosis 
4. Local injury of nerves and adjacent vessels 

Although the majority of patients tolerate cross
clamping of the carotid artery without special pro
tective measures, ischemic cerebral injuries have 
been observed in a small percentage, despite the 
use of an intraluminal shunt. A reoperation is not 
required if patency can be demonstrated following 
reconstruction. The treatment is purely conserva
tive, i.e., in accordance with the principles for 
treatment of cerebral vascular insufficiency. Im
proper manipulation during the operation may 
cause embolization into the cerebral circulation or 
the extremities. 

In such cases, an embolectomy using a Fogarty 
balloon catheter is possible only in the region of 
the arm. 

To avoid such embolizations, manipulation of 
the aneurysms must be kept to an absolute mini
mum. Inflow and outflow segments must be gener
ously exposed. If early reocclusion by thrombosis 
occurs, one should immediately reoperate to pre
vent further ischemia. Usually, the cause is a tech
nical failure at the site of the anastomosis. 

Local nerve injuries are caused mostly be re
traction. Injuries to concomitant vessels may be 
avoided by proper dissection. 

Follow-up: In very few cases, postoperative anti
coagulation is recommended. 

G. Reoperations 

Reoperation is indicated if, following treatment 
of an aneurysm of the upper extremity, peripheral 
circulation worsens. Reoperation is also indicated 
following correction of an extracranial aneurysm 
of the supra-aortic branches if transient ischemic 
attacks are observed. 

In any case, angiography must be performed 
in order to reveal the site of reconstruction. Rein-

tervention is indicated when the graft is occluded 
or when there is extreme narrowing of the anasto
mosis that could result in complete occlusion. 

The operative procedure is similar to primary 
vascular reconstruction. The exposure of the origi
nal operative field may well cause problems in the 
region of the carotid artery and with aneurysms 
close to the aortic arch. The risk of injury to con
comitant structures is high. 

Replacement of the graft is recommended. 
From the point of view of long-term results, patch 
graft angioplasty is not advisable in such cases. 
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A. Anatomy 

True aneurysms of the lower extremity occur as 
individual lesions or as part of a general aneurys
mal vascular disease in combination with lesions 
at other sites. They are almost exclusively of arte
riosclerotic origin. 

Iliac artery aneurysms are predominantly asso
ciated with aortic aneurysms. Femoral artery an
eurysms and popliteal aneurysms are often bilater
al. In up to 80% these lesions occur bilaterally 
or are found together with aneurysms of other vas
cular segments, especially of the aorta [3, 6, 7, 
10]. Surgical anatomy of aneurysmatic arteries 
does not differ from that of arteries which are sten
osed. However, by exerting compressive force ex
panding aneurysms may cause adhesions and indu
rations of the surroundings, so that extensive dis-

section can pose a danger to adjacent structures, 
(e.g., veins, nerves, ureter). 

Therefore, it is a peculiarity of surgery of aneu
rysms that complete dissection should be aban
doned. In many cases, partial resection is sufficient 
and reconstruction may be performed by "inlay" 
techniques or bypass procedures. 

B. Indications 

Surgical intervention for the elimination or an an
eurysm in the region of the pelvis or the lower 
extremity is indicated because of the danger of 
thromboembolization with subsequent ischemia. 
In our own patient groups preoperative throm
boembolization had occurred in 57 (31%) of 
184 patients with aneurysms of the iliaco-femoral 
vascular system. In 16% amputation was neces
sary. Limb preservation was possible in only half 
the patients suffering from embolization. As com
pared with large aortic aneurysms, the risk of rup
ture of aneurysms of the lower extremity is smaller 
[9]. Therefore, small fusiform aneurysms may be 
observed for a time if the patient presents with 
significant general risk factors. Ultrasonography 
provides an outstanding tool for exact assessment 
and control of growth and possible formation of 
thrombi. 

Bilateral aneurysms are managed metachron
ously, priority being given to the symptomatic 
side. If aneurysms are present in different vascular 
systems, the indication for surgery will depend on 
the urgency. Aneurysms with a high risk of rup
ture, such as aortic aneurysms, must be operated 
on first because of the greater danger to the pa
tient's life. The reality of this risk is brought home 
by the fact that the operative mortality from popli
teal aneurysms depends significantly on postoper
ative ruptures of aortic aneurysms [8]. 

For all aneurysms, preoperative angiography is 
indispensable for planning the operation and for 



15.2 Aneurysms of the Lower Extremity 

evaluating the extent of revascularization. Visu
alizing the distal vascular system and estimating 
outflow are important for successful revasculariza
tion [S]. 

c. Incisions and Operative Approach 

I. Common Diac Artery Aneurysm, 
Internal Diac Artery Aneurysm 

The transperitoneal approach through a large mid
line incision is preferred for combined aneurysms 
of the aorta and the iliac arteries. It is not different 
from the approach used for other reconstructions 
in this vascular region (see p. 378). The same holds 
true for the extraperitoneal approach to unilateral 
iliac artery aneurysms (see p. 380). The incision 
is made pararectally and extends to a point just 
below the lowest point of the costal arch. The fas
cia of the external oblique muscle, the internal ob
lique muscle, and the transverse abdominal muscle 
are divided and the rectus abdominus muscle, to
gether with the peritoneal sac, is retracted medial
ly. During blunt dissection of the peritoneal sac 
out of the iliac fossa care should be taken not 
to dissect too far laterally and dorsally along the 
psoas muscle. Otherwise, the cavity is enlarged un
necessarily. The retractor should be provided with 
two jaws of different length, the longer one being 
placed medially (Fig. 1S.2.1 a, b). 

The ureter crosses above the iliac bifurcation. 
Particular attention must be paid to the iliac vein, 
as it is often firmly adherent to the aneurysm and 
therefore easily injured. With the extraperitoneal 
approach, the distal aorta, the total iliac vascular 
system, and the internal iliac artery can be well 
exposed. If the whole length of the iliac artery 
has to be replaced, a separate incision is made 
in the groin to expose the upper common femoral 
artery for distal anastomosis (see next section). 

ll. Common Femoral Artery Aneurysm 

The incision is made longitudinally across the 
groin (from approximately 6 em above to about 
6 em distally) and somewhat lateral to the pulse 
(Fig. 1S.2.3a). Usually, the pulsatile vessel is easily 
palpable and may be used as a guideline. When 
the abdominal wall is very fat, incision of the skin 
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and the subcutaneous tissue sometimes has be ex
tended further upward. 

The lymph nodes are pulled medially. When 
sharp dissection is performed, one should carefully 
ligate to avoid postoperative fistulas. The profun
da femoris artery is exposed over a distance of 
1-2 cm. A small vein close to the origin to the 
profunda femoris artery must always be divided 
and ligated. When the aneurysms are located high
er, a separate extraperitoneal approach to the ex
ternal iliac artery is necessary by a suprainguinal 
incision. 

ID. Superficial Femoral Artery Aneurysm 

Aneurysms of the superficial femoral artery are 
exposed by direct incision above the course of the 
artery or aneurysm. Usually, these aneurysms are 
long. Exposure is then made through two separate 
incisions above the femoral bifurcation (longitudi
nal incision in the groin) and above the distal seg
ment of the femoral artery medially and proximal 
to the knee (Fig. 1S.2.4a). 

IV. Popliteal Aneurysm (Fig. 1S.2.Sa, b) 

The medial approach is most frequently used. The 
patient is in a supine position. The knee is flexed 
at 30° by placing drapes underneath it. The knee 
itself should be free, at least on the medial side. 
This way, there is no compression on the operative 
field from below. 

This approach is especially advantageous with 
large aneurysms. The incisions are made above 
and below the knee. The greater saphenous vein 
is carefully preserved, smaller tributaries being li
gated. Following division of the sartorius muscle 
at its insertion, the deep fascia is incised dorsal 
to the bone. In the fatty tissue of the popliteal 
fossa, the bundle of vessels and nerves is found. 
The vein (often doubled) usually lies adjacent to 
the artery or the aneurysm and must therefore be 
dissected carefully. This approach provides expo
sure of the proximal third of the popliteal artery, 
or the upper branch of the aneurysm. 

For good exposure, we prefer the Gilby retrac
tor. For the separate approach to the distal popli
teal segment, the medial portion of the gastrocne
mius muscle is pulled downward. Following retrac
tion of the soleus muscle, the neurovascular bundle 
is exposed. Also in this position, the Gilby retrac
tor is of advantage. In the distal third of the popli-
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teal artery there are no major tributaries. The ex
posure is therefore simple. Early cross-clamping 
or early ligature is advisable in order to avoid in
traoperative embolization. If the origin of the an
terior tibial artery must be exposed further distally, 
the medial portion of the gastrocnemius muscle, 
as well as the tibial insertion of the soleus muscle, 
have to be partially divided. However, this proce
dure, with two separate incisions for the upper 
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and lower third of the popliteal artery, avoids a 
continuous medial exposure with division of the 
gracilis, semitendinosus, and semimembranosus 
muscle as well as the medial portion of the gastroc
nemius muscle. Smaller popliteal aneurysms may 
be managed using a dorsal approach by a single 
incision. The patient lies prone with the ankle sup
ported by a roll. The incision is best made starting 
laterally and above and running transversely 
through the popliteal fossa, and finally downward 
on the medial side (according to the course of the 
vessel!) (Figs. 15.2.6a). A simple longitudinal inci
sion may be used. Following division of the poste
rior popliteal fascia, the fossa poplitea with the 
fatty tissue and the neurovascular bundle is ex
posed between both portions of the muscle 
(Fig. 15.2.6 b). The nerve branches, passing distal
ly and sometimes crossing, have to be dissected 
carefully to avoid injury. The dissection of the 
popliteal vein or the short saphenous vein may 
be difficult. 

Fig. 15.2.1 a-e. Common iliac artery aneurysm. a In
cision for the extraperitoneal approach. b Exposure of 
the common iliac artery. The peritoneal sac is shifted 
medially and cranially. The deeper jaw of the retractor 
is on the medial side. c Following local heparinization, 
the clamps are first placed distally and then proximally; 
the aneurysm is incised longitudinally. d Removal of 
thrombotic material. Transverse incisions of the anterior 
wall made proximally and distally, so as to form two 
closable flaps. The posterior wall remains in situ (preser
vation of the vein, better fixation of the sutures, more 
rapid dissection). e Following the anastomosis (posterior 
wall using inlay technique), the remaining wall of the 
aneurysm is trimmed. The prosthesis is covered using 
a running suture 

/ 
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D. Technique of Reconstruction 

I. Diac Artery Aneurysm 

The aneurysm usually has a well-defined neck at 
the origin of the iliac artery, providing a good 
possibility for anastomosis at the bifurcation, 
much as in the case of an infrarenal aortic aneu
rysm just below the renal arteries (Fig. 15.2.1 c). 
The distal aorta, however, must be exposed to such 
an extent that it can be clamped rather far upward, 
as arteriosclerotic plaques often make it impossible 
to clamp the iliac artery close to the lesion. The 
posterior wall of the aneurysm is not dissected 
completely, but remains in situ; by restricting dis
section in this manner, one is less apt to injure 
the vein. Early distal cross-clamping is important 
for avoiding embolizations [5]. The sac of the an
eurysm is incised longitudinally on the anterior 
wall and then transversely at the proximal and 
distal ends, resulting in two flaps resembling the 
wings of a door. Usually, the vessel does not have 
to be divided completely, either for the upper or 
the lower anastomosis. If the vessel walls are thin, 
it is important to preserve the posterior wall, there
by providing more "material" for a reliable su
ture. The free portions of the wall are shortened 
or partially resected, depending on the size of the 
aneurysm. However, sufficient material should be 
left to cover the prosthesis with these "wings" 
(Fig. 15.2.1 c-e). 

The iliac vein, lying adjacent to the aneurysm, 
must not be injured, either in making the trans
verse incisions or during suturing. The most favor
able procedure for revascularization is graft inter
position. The suture is made with 3--0 or 4-0 non
absorbable suture material starting from the poste
rior wall and continuing around on both sides to 
the anterior wall. The smaller the vessel or the 
diameter of the anastomosis, the greater the hemo
dynamic advantages of a beveled anastomosis will 
be (see p. 59ff.). The prosthesis is placed into the 
lumen of the aneurysm and pulled underneath the 
ureter. The distal anastomosis is also beveled. 
Whenever possible this anastomosis should be 
placed into the iliac bifurcation so that perfusion 
of the internal iliac artery is maintained 
(Fig. 15.2.1 e). 
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n. Internal Diac Artery Aneurysm 

Ligature for exclusion of aneurysms of the internal 
iliac artery can be performed on one side. Ligation 
of both internal iliac arteries results in a high risk 
of extensive necrosis of pelvic and gluteal tissue. 
This is always lethal. Therefore, at least on one 
side, revascularization is necessary, e.g., using a 
prosthesis (Fig. 15.2.2a--c). 

m. Externallliac Artery Aneurysm 

Isolated aneurysms of the external iliac artery are 
rare. Usually, these are long aneurysms, extending 
into the common iliac artery or even into aneu
rysms of the abdominal aorta. In those cases the 
long bifurcation prostheses are anastomosed to the 
common femoral arteries just below the inguinal 
ligament. This segment is exposed by a separate 
incision in the groin. Care should be taken to save 
at least one internal iliac artery. 

IV. Common Femoral Artery Aneurysm 

In this region, aneurysms are best replaced by fab
ric prostheses (for instance double-velour, 6 or 
8 mm in diameter). One should attempt to achieve 
an anastomosis to the profunda femoris artery 
(Fig. 15.2.3 b, c), beveling the anastomosis as much 
as possible. The anastomosis is best performed us
ing the inlay technique (Fig. 15.2.3d-f). If, as is 
often the case, the superficial femoral artery is 
thrombosed, the thrombotic material should be 
evacuated. Once this has been done, anastomosis 
with both femoral arteries can be performed. Non
absorbable 5--0 or 6--0 suture material is best suited 
for this purpose. 

If proximal anastomosis with the external iliac 
artery is necessary, the inguinal ligament may be 
incised. Higher anastomoses require exposure of 
the external iliac artery above the inguinal liga
ment through a separate incision. 

V. Superficial Femoral Artery Aneurysm 

Small aneurysms of the superficial femoral artery 
are resected and, insofar as possible, replaced by 
a saphenous vein graft. Larger aneurysms, and in 
particular longer ones, are replaced by a graft run-
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Fig. 15.2.3a-f. Common femoral artery aneurysm. a In
cision across the unilateral groin, somewhat lateral to 
the pulse. b Cross-clamping, first of the distal vessels, 
then of the proximal vessels, and "wing" -incision of 
the aneurysm. c Interposition of prosthesis, partially ap
plying the inlay technique. The distal anastomosis 
should include the lumina of both femoral arteries. d The 
distal anastomosis of the prosthesis using a complete 
inlay technique (less dissecting effort, more material for 
the suture, less risk of injury to the vein). e, fUsing 
the inlay technique, the incision is made into the vessel 
with the lesser outflow (exception: planned profunda
plastyto widen the stenosed origin of that artery) 

H. DENECKE and E. PRATSCHKE 

Fig. 15.2.2 a-c. Iliac artery aneurysms. a Incision to open 
the vessel in the case of extensive aneurysmal dilation 
of the aortoiliac region. b Bi-iliac prostheses using the 
inlay technique. To maintain the blood flow to the pelvic 
organs, at least one internal iliac artery must be anasto
mosed or preserved. c Unilateral aneurysms of the inter
nal iliac artery may be ligated 
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Fig. 15.2.4a-c. Superficial femoral artery aneurysm. 
a Separate incisions for the exclusion of a long aneu
rysm. b Medial approach to the distal superficial femoral 
artery or the upper third of the popliteal artery. c Be
veled distal end-to-end anastomosis with a saphenous 
vein graft 

ning from the femoral bifurcation to the proximal 
popliteal artery. 

Here too, early distal cross-clamping of the ves
sel is necessary because of the risk of embolization 
(Fig.1S.2.4a-c). 

VI. Popliteal Aneurysm 

Only very small popliteal aneurysms are resected 
completely, and only when the dissection is easy 
to perform. However, adjacent structures (popli
teal vein, nerve) are often adherent, posing the 
risk that dissection will result in lesions that would 
in turn increase the risk of thrombosis and pulmo
nary embolism. Therefore, the dissection and liga
tion of surrounding venous structures is limited 
to the provision of access for clamping, ligature, 
or incision of the aneurysmal sac. In both ap
proaches (dorsally or medially) the distal segment 
is cross-clamped first (Figs. lS.2.5b and 15.2.6b). 
Both anastomoses are beveled and sutured end-to
end (Figs. 15.2.5c-e and 15.2.6e). The material of 
choice is saphenous vein. For grafts crossing joints, 
double-vdour or ring-enforced Goretex (8 mml 
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6 mm) may also be used. Larger aneurysms are 
bypassed or partially resected, inserting the pros
thesis into the opened lumen (Fig. lS.2.6 c-d). Tri
butaries are suture-ligated from the inside. In this 
way, one also avoids the ligation of the collaterals, 
which would be necessary ~hen dissecting the an
eurysm from the outside. This may also be impor
tant for limb preservation in the presence of a 
thrombosed aneurysm. 

For large aneurysms, however, it is more conve
nient to use the medial approach above or below 
the knee. The anastomosis is beveled and per
formed in the upper or lower third of the popliteal 
artery using 5-0 or 6-0 Prolene. 

Either the aneurysm is bypassed or a graft is 
interposed through the sac of the aneurysm. Be
fore completion of the distal suture, a Fogarty 
catheter is passed through the outflow tract to re
move possible emboli. Operative results may also 
be documented by intraoperative angiography, 
which will also disclose peripheral emboli. The 
wound can be closed without drainage if bleeding 
has been arrested completely. Divided muscles are 
again approximated by sutures. However, this is 
only necessary following the continuous exposure 
of the popliteal fossa from the medial side. 
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Fig. 15.2.5 a-e. Popliteal aneurysm: medial approach. 
a Two separate incisions, the knee being slightly flexed . 
b Exposure of the popliteal artery in the upper and in 
the lower third with concomitant veins and nerves. Early 
distal cross-clamping! c End-to-end anastomosis of the 
afferent artery to the saphenous vein graft. The aneu
rysm is excluded. d Distal anastomosis is considerably 
beveled. e Bypassing the excluded aneurysm with a vein 
graft 
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Fig. 15.2.6 a-e. Popliteal aneurysm : dorsal approach. 
a Skin incision from lateral and above, downward me
dially. b After careful exposure distally, the efferent ves
sels are cross-clamped early. c The aneurysm is opened 
and partially resected. d Suture ligation of arterial tribu
taries from the inside avoids dissection and injury of 
veins or nerves adjacent to the aneurysm. e Extremely 
beveled anastomosis with a saphenous vein graft 

E. Postoperative Complications 
and Reoperations 

The most frequent postoperative complications 
are caused by embolization of thrombotic materi
al. Therefore, before completing the distal anasto
mosis, the outflow should always be controlled by 
a Fogarty catheter (when in doubt intraoperative 
angiography must be added). In order to avoid 
thrombosis within the clamped-off segment, intra
operative systemic heparin (5000--10000 IV i.v.), 
or better, additional local heparinization into the 
afferent segment is required (5000 IV heparin in 
100 ml 0.9% sodium chloride solution; 20 ml injec
ted into the clamped-off vessel). The outflow is im
portant. Large aneurysms have a known tendency 
to coagulate. Treatment oflate complications, e.g., 
anastomotic aneurysms, does not differ from that 
following procedures for stenotic lesions. 
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A. Introduction 

Most aneurysms of the visceral arteries are found 
accidentally in an asymptomatic stage of develop
ment. Routine angiography for the diagnosis of 
vascular, gastroduodenal, and oncologic disease 
may reveal them. They pose a serious threat, ow
ing to the possibility of rupture or of peripheral 
thromboembolization. Opinions differ regarding 
the necessity for conservative versus operative 

Table IS.3.1. Distribution of visceral arterial aneurysms 

(%) 

Splenic artery 51 
Hepatic artery 17 
Renal artery 12 
Superior mesenteric artery 7 
Jejunal, ileal, and colic arteries 5 
Gastric and gastroepiploic arteries 3.9 
Gastroduodenal and pancreaticoduodenal arteries 0.4 
Celiac trunk 3.5 
Inferior mesenteric artery 0.01 

treatment [2,11,15,17]. Since the etiology, symp
toms, and management of aneurysms depend on 
their localization, a discussion of their occurrence 
in individual arteries is not only reasonable, but 
indispensable. 

The incidence of visceral arterial aneurysms is 
0.1 % in autopsy series. The distribution for the 
various arteries is shown in Table 15.3.1. 

B. Splenic Artery Aneurysms 

I. Prevalence, Pathology, Indications 

Among visceral arterial aneurysms, those of splen
ic artery are the most frequent (58%). As early 
as 1770, BEAUSSIER [1] described a splenic artery 
aneurysm. Since then, a total of about 1500 have 
been described. In autopsy series, the ratio is ap
proximately 0.07%, increasing significantly with 
age. In the earlier literature, there are numerous 
reports of ruptured splenic artery aneurysms in 
pregnant women. It is almost exclusively found 
in multiparae with six or more pregnancies. In 
more recent publications, however, aneurysms are 
described more often in older patients. It is sup
posed that these changes in patient groups may 
be the result of a reduction in the number of preg
nancies per woman. 
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Fig. 15.3.1 a, b. Anatomy of intestinal arteries. a Locali
zation of splenic artery aneurysms in region I : resection 
and ligature of afferent and efferent arteries. In region 
II: splenectomy. b For aneurysms of the common hepat
ic artery (region I), resection without reconstruction is 
usually sufficient. Proper hepatic artery aneurysms (re
gion II) require reconstruction (aortohepatic bypass) 

Degeneration of the media is thought to be of 
etiologic significance. In the case of saccular aneu
rysms it is thought that hormonal changes during 
pregnancy cause irreversible injury to the vessel 
wall, which becomes progressively worse during 
subsequent pregnancies. 

BOIJSEN et al. [3] are of the opinion that the 
possibility of functional arteriovenous anasto
moses in the spleen may playa role in this mecha
nism. A connection between fibromuscular dyspla
sia and degeneration of the media is discussed by 
STANLEY et al. [13, 14]. In the higher age group 
the second major cause, arterioclerosis, gains sig
nificance. Congenital or mycotic aneurysms of the 
splenic artery, however, are rare [5, 9, 14]. 

The incidence of rupture of splenic artery aneu
rysms is low, about 3% [6]. The phase preceding 
rupture is frequently characterized by an expansive 
growth of the aneurysm with increase of abdomi
nal symptoms and perhaps also peritoneal signs. 
The pancreas may also be involved. The mortality 
of ruptured splenic artery aneurysms is high. In 
earlier refeI'ences, 100% is reported, in recent se
ries about 2.5% [14] . 

Common Celiac lefl 
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II. Management 

1. Positioning 
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The patient is in a supine position with the left 
side elevated. In principle, there are two types of 
treatment, depending upon the localization: 
(1) splenectomy, (2) resection of the aneurysm and 
ligature of afferent and efferent arteries (Fig. 
15.3.1 a). Only resection is described here. 

2. Operative Approach 

Extended subcostal incision on the left side. The 
extension of the skin incision should correspond 
with the localization of the aneurysm, either more 
medially or more laterally (Fig. 15.3.2 and see 
p.592). 

3. Intra-abdominal Approach 

The lesser sac of the omentum is opened along 
its greater curvature. The tributaries of the gas
troepiploic artery are divided between ligatures. 
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Fig. 15.3.2. Following opening of the lesser omentum, 
the splenic artery aneurysm is usually easy to palpate 
and to dissect 

The dissection is continued along the greater cur
vature, because more caudal the vascularization 
of the colon may be endangered. The lateral short 
gastric arteries should be preserved. In the lesser 
sac of the omentum, the splenic artery may be 
palpated behind the upper border of the pancreas. 
The aneurysm is often easy to localize. The splenic 
artery is exposed and ligated proximal and distal 
to the aneurysm. One should pay special attention 
to small branches of the splenic artery that supply 
the pancreas and also have to be ligated. If resec
tion of the aneurysm is difficult because of its lo
calization in the pancreatic tissue, it should not 
be forced, owing to the risk of a pancreatic fistula 
or of postoperative pancreatitis. Aneurysms locat
ed more medially require opening of the lesser 
omentum (Fig. 15.3.2). 
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c. Hepatic Artery Aneurysms 

I. Prevalence, Pathology, Indications 

Hepatic artery aneurysms are the second most 
common, comprising 20% of all visceral arterial 
aneurysms. One should be wary of these lesions 
because of the great danger of rupture. Formerly, 
aneurysms of this artery were usually diagnosed 
as mycotic in nature; however, owing to the intro
duction of antibiotics, mycotic lesions are seen less 
frequently [5]. Besides arteriosclerosis, degenera
tion of the media along with trauma figure most 
prominently in the etiology. Also, in patients suf
fering from periarteritis nodosa, this artery fre
quently shows aneurysms [14, 16]. 

The risk of rupture of a hepatic artery aneu
rysm is reported to be 44%-80%, with an extreme
ly high mortality. The type of management de
pends on whether the aneurysm lies in the common 
hepatic artery or the proper hepatic artery 
(Fig. 15.3.1 b). In the first case, blood flow to the 
liver is maintained through collaterals of the gas
troduodenal and pancreaticoduodenal arcades. 



15.3 Visceral Arterial Aneurysms 

Portal v 

P'oper 
epatlc a 

Gastro-
uode'lal a 

RIght 
gastllc II 

Fig. 15.3.3. After opening of the lesser omentum, the 
common hepatic artery with the aneurysm is dissected 

Resection of the aneurysm without vascular recon
struction is therefore possible. However, if the an
eurysm includes the proper hepatic artery, blood 
flow to the liver must be restored again. 

Intrahepatic aneurysms can be exposed only 
with great difficulty. In some cases, a proximal 
ligature in combination with embolization of the 
aneurysm may be indicated. For all of these proce
dures, however, precise preoperative determina
tion of local blood supply is essential. Using 
isotopes, one can determine to what extent the 
hepatic artery and the portal vein are responsible 
for blood flow and oxygen supply to the liver. 
Then, depending on this distribution, in difficult 
cases a procedure such as embolization may be 
performed for intrahepatic aneurysms. 

II. Management 

1. Operative Approaches 

Exposure of the common hepatic artery as well 
as the proper hepatic artery is achieved through a 
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right subcostal incision, extending to the left half of 
the body. A second approach is a right pararectal 
thoracophrenic laparotomy. By displacing the liver 
cranially and dorsally, one may dissect far into 
the hilus of the liver, even into the parenchyma. 

2. Aneurysms of the Common Hepatic Artery 

The lesser omentum is opened along the lesser 
curvature of the stomach (Fig. 15.3.3). Often, the 
aneurysm is already palpable. Proximally, the 
common hepatic artery branching off from the ce
liac trunk is exposed and a tape placed around 
it. Distally, the proper hepatic artery, the gastro
duodenal artery, and the right gastric artery are 
exposed and tapes placed around them as well. 
The proper hepatic artery lies in the hepatoduo
denal ligament, framed by the portal vein and bile 
duct. Following exposure of the vessels the com
mon hepatic artery is ligated proximally and dis
tally to the aneurysm. The aneurysm is then dis
sected. The circulation of the collaterals via the 
pancreaticoduodenal arteries and the gastroduo
denal artery is sufficient to supply the liver. 
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3. Aneurysms of the Proper Hepatic Artery 

For exposure a supracolic approach is chosen. 
First, the hepatoduodenal ligament is dissected 
within the hilus of the liver. The proper hepatic 
artery lies in its dorsomedial portion. While dis
secting the artery, therefore, first the bile duct and 
then the portal vein must be identified 
(Fig. 15.3.4). In the proximal region, temporary 
ligatures or tourniquets are first passed around 
the common hepatic artery, the gastroduodenal ar
tery, and the right gastric artery. The aneurysm 
itself must be dissected very carefully without be
ing ruptured, especially in the case of a mycotic 
aneurysm. Distal to the sac of the aneurysm, the 
hepatic artery is dissected over a length of at least 
2 cm, so that an end-to-end anastomosis with a 
venous graft is possible. 

Next, the proximal infrarenal abdominal aorta 
is exposed (see p. 594; see Fig. 15.3.4). The greater 
saphenous vein graft, which should have been har
vested beforehand, is anastomosed to the infrare
nal aorta end-to-side, the aorta having been pre
viously cross-clamped with two straight clamps. 
An oval incision about 7 mm in diameter is tai
lored in the anterior aortal wall. This may also 
be performed with a punching device. The anasto-

Fig. 15.3.4. The proper hepatic artery is exposed at the 
hepatoduodenal ligament. Care must be taken with the 
adjacent structures, the portal vein, and the bile duct 

mosis itself is made with a 6-0 continuous suture. 
When tailoring the end of the vein graft for the 
anastomosis, one should take care to have the in
flow as funnel shaped as possible in order to avoid 
late aneurysms due to a bad inflow. The aorta 
is then unclamped and the vein graft cross
clamped. 

The tunnel between the infrarenal aorta and 
the hepatoduodenal ligament is created by blunt 
dissection. The index finger of the right hand dis
sects above the left renal vein, below the superior 
mesenteric artery, and ventral to the head of the 
pancreas in the direction of the opened hepatoduo
denalligament (see p. 218). Following slight dila
tion of the tunnel with the index finger of the left 
hand, the filled vein graft is passed through. 

The proper hepatic artery is ligated proximal 
to the aneurysm. A small bulldog clamp is placed 
as distally as possible near the branching of the 
proper hepatic artery. The aneurysm is incised and 
resected as far as possible. If surrounding struc
tures are endangered, one should not use excessive 
force. The distal proper hepatic artery is incised 
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Fig. 15.3.5. Celiac trunk aneurysm. Between the aorta 
and the celiac trunk aneurysm, there is relatively little 
space for cross-clamping. Therefore, the aorta should 
be well dissected primarily above and below 

on its ventral side for about 1 cm. The vein graft 
is measured to the correct length. The anastomosis 
is then performed using 7-0 suture material, start
ing at the corner of the side towards the vena cava. 
After restoration of circulation, blood flow is 
checked by Doppler ultrasound or electromagnetic 
flow probe. The operation in this region is finished 
by placing a drain and covering the bypass with 
the surrounding retroperitoneal tissue. 

D. Celiac Trunk Aneurysms 

I. Prevalance, Pathology, Indications 

Celiac trunk aneurysms usually develop out of 
poststenotic dilatations of an arteriosclerotic or 
congenital stenosis at the origin of the trunk. 
Other, rarer causes are syphilis, trauma, or inflam
matory disease. When considering whether opera
tive revision is indicated, the high incidence of rup-
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ture has to be weighed against the operative risk. 
It must be confirmed by preoperative angiography 
that the superior mesenteric artery and the pan
creaticoduodenal arcade are intact. In these cases, 
removal of the aneurysm without further recon
struction is sufficient. 

n. Management 

1. Positioning 

Supine position, with the left side elevated (see 
p. 592). 

2. Operative Approach 

Left thoracoabdominal incision (see p. 592). 

3. Intra-abdominal Approach 

Following division of the skin, the subcutaneous 
tissue, and the fascia of the transverse muscle, the 
incision is continued through the costal arch and 
the intercostal muscles, finally incising the dia
phragm. The left flexure of the colon, spleen, and 
pancreas are mobilized and retracted medially, to-
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gether with the stomach (see Fig. 22.5a, c, p. 594). 
The left renal vein lies farthest caudal in the opera
tive field. The aorta is easy to palpate. The peri
aortic tissue is dissected cranial to the left renal 
vein; then, the aorta and its branches, the superior 
mesenteric artery, and the celiac trunk are dis
sected. Exposure of the neck of the aneurysm may 
be difficult as the celiac trunk may lie directly on 
the anterior wall of the aorta (Fig. 15.3.5). There
fore, it is important to expose the proximal aorta 
beforehand so far that it can be cross-clamped in 
case of emergency. Also, all tributaries of the celiac 
trunk should be dissected peripherally and tapes 
placed around them. 

In most cases resection and ligation of the re
maining arterial stumps are sufficient for manage
ment of the aneurysms. The collateral circulation 
via the pancreaticoduodenal arteries will already 
have taken over the blood supply of the organs 
in the upper abdomen in the vast majority of cases. 
However, if the superior mesenteric artery is oc
cluded or highly stenosed, reconstruction is neces
sary. Two procedures are possible: either hepatic 
artery bypass from the aorta to the common he
patic artery (see p. 603) or insertion of the splenic 
artery into the aorta (see p. 599). A drain is placed 
in the operative field. The retroperitoneal incision 
is closed by interrupted sutures. We sew the dia
phragm with continuous absorbable suture. A 
chest tube is placed in the pleural cavity, and the 
outer wounds are closed in the usual fashion. 

E. Renal Artery Aneurysms 

I. Prevalence, Pathology, Indications 

Renal aneurysms are found in 1 of 9000 autopsies. 
The causes are arteriosclerosis and fibromuscular 
dysplasia, and, less commonly, periarteritis nodosa 
and trauma. In 15% of all cases, aneuryms are 
found on both sides. An operation is indicated 
when there is danger of embolization into the kid
neys. The risk of rupture, however, is low [15]. 

ll. Management 

Positioning and operative approaches are de
scribed in the chapter on renal arteries (see p. 609). 
In cases of small saccular aneurysms, resection and 
patch graft angioplasty are sufficient. Larger, fusi
form aneurysms require resection with subsequent 
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interposition of a greater saphenous vein graft. 
This is first harvested in the groin and then anasto
mosed side-to-end to the distal abdominal aorta 
(see p. 618). Following clamping, the aneurysm is 
resected and the kidney flushed with heparinized 
saline solution or cold 10% glucose solution. The 
distal stump of the renal artery is dilated slightly 
by means of bulldog clamps and beveled for the 
end-to-end anstomosis. This is performed using a 
7-0 continuous suture. After restoration of flow, 
the cross-clamped proximal renal artery is sutured 
first. If the renal artery aneurysm is on the right 
side, reconstruction follows the same principles. 
The bypass is placed ventral to the inferior vena 
cava. 

F. Superior Mesenteric Artery Aneurysms 

I. Prevalence, Pathology, Indications 

Superior mesenteric artery aneurysms are rare. In 
the literature, just over 100 have been described 
[5]. In contrast to other visceral arteries, almost 
50% are of mycotic origin. Therefore, one should 
consider the possibility of a superior mesenteric 
artery aneurysm when a patient with a history of 
sepsis presents with a pulsatile tumor and a mur
mur in the upper abdomen. Also, patients in whom 
mycotic aneurysms have been diagnosed in other 
regions should have additional angiographic eval
uation of the superior mesenteric artery. DE BAKEY 

and COOLEY [4] described the successful resection 
of a superior mesenteric artery aneurysm with liga
tion of both arterial stumps. This procedure can 
be performed only if there is sufficient collateral 
circulation between the jejunal arteries proximal 
to the aneurysm and the ileac branches distal to 
the aneurysm. 

To answer this question, good selective angiog
raphy of the superior mesenteric artery is necessary 
[2]. If the aneurysm is of mycotic origin, it is im
portant to identify the underlying microorganism 
preoperatively. Here, careful evaluation of the his
tory may help. The primary disease, with its char
acteristic bacteria, may point in the right direction. 
In former times, streptococci were predominant. 
Today, infections with Staphylococcus aureus are 
predominant. Also, other microorganisms, such as 
gonococci, salmonella, and bacteroides have been 
cultured from mesenteric aneurysms. MREYEN [8] 
even reported a myotic aneurysm of the superior 
mesenteric artery of tuberculous origin. 
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Fig. 15.3.6. a Aneurysmorrhaphy of a mycotic aneurysm 
of the superior mesenteric artery. b Cross-clamping. 
c First layer of mattress sutures. d Second layer of mat
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H. Management 

1. Positioning 

Supine Trendelenburg position. 

2. Operative Approach 

The standard approach is median transperitoneal 
laparotomy. When the aneurysm is located very 
proximally, a left-sided thoraco-abdominal ap
proach may be of advantage (see p. 595). In rare 
cases, a right retroperitoneal approach is recom
mended. Both retroperitoneal approaches are simi
lar to the approaches to the left or right renal 
artery (see p. 613). 

When the aneurysm is located at its most com
mon site, the radix mesenterii, a median laparoto
my is performed. The entire small bowel is re
tracted to the right and cranially, the root of the 
mesentery then being on the right side of the oper
ative field. Usually the aneurysm can be palpated. 
Then, the proximal trunk of the superior mesenter
ic artery is dissected and a tape placed around 
it. Dissection is likewise performed at the distal 
segment, and then the aneurysm itself is dissected. 
Since this lesion is usually of mycotic origin, dis
section must be performed with great care, so as 
to avoid perforation. Technically, the most diffi
cult part is to dissect possible jejunal tributaries 
branching off the aneurysm, to place tapes around 
them, and to cross-clamp them. 

When angiography reveals good collateral flow 
to the distal vascular system of the superior mesen
teric artery, simple ligation of all tributaries of the 
aneurysm, together with partial resection, is suffi
cient. Subsequent intraoperative control of the 
small bowel circulation is important. For this pur
pose, all tributaries branching off the aneurysm 
should first be cross-clamped temporarily. By 
means of Doppler ultrasonography it can be deter
mined whether there is sufficient blood flow in 
the ileal or jejunal arcade. Where there is doubt, 
aneurysmorrhaphy, rather than resection, should 
be performed [6]. 

m. Aneurysmorrbapby 

Once the aneurysm has been isolated by clamping, 
it may be opened (Fig. 15.3.6a). The adherent 
mural thrombi are removed and flushed out. 
Deeper within the aneurysm, one can usually rec-
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ognize the course of the original vessel interior, 
with its normal layer of endothelium 
(Fig. 15.3.6b). The opening is closed by placing 
uninterrupted mattress sutures in such a way as 
to restore the normal circumference of the superior 
mesenteric artery (Fig. 15.3.6c). Absorbable suture 
material is recommended. One or two additional 
layers of mattres sutures are sewn over the first 
layer in the same fashion (Fig. 15.3.6d, e). 

After a drain has been introduced, the peritone
um is closed over the aneurysmorrhaphy. 

Now, the viability of each small bowel segment 
is ascertained. If ischemia is clearly present, partial 
resection of the small bowel is necessary. 

In case of doubt, a second-look operation, 12-
24 h later, is required. In this way, the viability 
of the small bowel can be better judged and possi
ble consequences forseen. 

G. Aneurysms of the 
Pancreaticoduodenal Arcade 

I. Prevalence, Pathology 

Aneurysms of these arteries are very seldom de
scribed. In all of the literature, only about 40 cases 
are known. Besides arteriosclerosis (the most fre
quent cause), cases involving fibromuscular dys
plasia, trauma, penetrating duodenal ulcer, and re
current chronic pancreatitis have been described. 

TI. Management 

1. Positioning 

Supine position, flexed at the thoracolumbar junc
tion. 

2. Operative Approach 

Transverse incision in the upper abdomen. 

3. Intra-abdominal Approach 

For aneurysms localized in the anterior pan
creaticoduodenal arcade, the supracolic approach 
should be chosen (see Fig. 12.6; p. 596). It is desir
able to open the gastrocolic ligament on the right 
medial side. Aneurysms of the gastroduodenal ar
tery can best be approached by opening the lesser 
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sac. For aneurysms of the posterior pancreatico
duodenal arcade, mobilization of the duodenum 
according to KOCHER is recommended (see Fig. 
22.9, p. 598). 

Dissection is extremely difficult when the an
eurysm is partially or completely embedded in the 
pancreas. If angiography does not reveal branches 
of the aneurysm, then simple ligation of efferent 
and afferent arteries is sufficient. However, if the 
aneurysm has one or more branches, additional 
thrombosis must be induced [2]. 

In all cases extensive dissection within the pan
creatic tissue should be avoided. Very often this 
may cause postoperative pancreatitis or pancreatic 
fistula. The latter may result in massive bleeding 
by arrosion of a dissected vessel in that region. 
Although complete or partial pancreatectomies 
have been described, we think that these proce
dures should be limited to extreme situations. 

Reconstructions in this region are unnecessary 
because of the very pronounced collateral flow. 
The operation is finished by placing a drain in 
the operative field which will stay until secretion 
has ceased. It is advisable to check the level of 
amylase in this fluid, depending on its quality. 

H. Aneurysms of the Gastric Artery, 
the Deal Arteries, and the Inferior 
Mesenteric Artery 

I. Prevalence, Pathology 

Aneurysms in these arteries are extremely rare and 
are only reported sporadically [5, 14]. In the ma
jority of cases, they are diagnosed accidentally by 
angiography. Ruptures seldom occur. Concerning 
the etiology, many of the factors already men
tioned may be involved. However, congenital an
eurysms may be somewhat more common in this 
region. 

n. Management 

These aneurysms are treated adequately by resec
tion and ligation of afferent and efferent arteries. 
Following exclusion of the aneurysms, it is impor
tant to test the viability of organs supplied by the 
artery involved and to perform a bowel resection, 
if necessary. 
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In principle, aneurysms of the inferior mesen
teric artery are managed in the same way. In this 
case, it is important to bear in mind that simulta
neous occlusion of the superior mesenteric artery 
or simultaneous occlusion of both internal iliac 
arteries may result in a deficient blood supply to 
the descending and the sigmoid colon. 
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A. Unruptured Infrarenal Aortic Aneurysms 

I. Anatomy 

Between 95% and 98% of all aneurysms of the 
abdominal aorta develop within the infrarenal por
tion of the aorta. Aneurysmal enlargement is also 
commonly found in pelvic vessels. The main cause 
of aneuryms is arteriosclerosis (over 95% of all 
cases). 

There are several reasons why arteriosclerotic 
abdominal aortic aneurysms occur primarily in the 
infrarenal segment (segment V) of the vessel. Evi
dence of increased collagenolytic activity [5] within 
the aneurysmal wall and the increased deposition 
of cholesterol and lipids [4] in the infrarenal aortic 
segment indicate local metabolic disorders. The 
angle of the aortic bifurcation also plays a very 
important role in the development of abdominal 
aortic aneurysms [15]. Elongation of the aorta, 
caused by arteriosclerosis, forces both limbs of the 
bifurcation apart, thereby enlarging the angle. As 
a result, the pulse waves are more strongly re
flected than in an undiseased bifurcation with an 
acute angle. Another factor is the topographic
anatomic situation of the infrarenal segment of 
the aorta: it is relatively unsupported by neighbor
ing organs and tissues. The connection here be
comes clear from the fact that the aneurysms in 
question usually extend farther to the left - the 
direction of least peritoneal resistance - than to 
the right, where the root of the mesenterium and 
the inferior vena cava prevent further distention. 

The inflammatory abdominal aortic aneurysm 
is less common. It occurs in about 3%-5% of all 
arteriosclerotic aneurysms. It remains unknown 
whether this type of aneurysm is merely a variation 
of arteriosclerotic disease or has its own etiology. 
Syphilitic and mycotic aneurysms are rare. The 
same is true of aneurysms that develop in connec
tion with peripheral arteriovenous fistula. The in
creased blood flow leads to aneurysmal enlarge
ment of the main vessels, including the abdominal 
aorta. Such alterations usually do not regress after 
repair of the peripheral arteriovenous fistula [24]. 

ll. Diagnostic Procedures 

The abdominal aortic aneurysm is often identified 
by inspection and palpation alone. One may as
sume that the aneurysm is limited to segment V 
of the aorta if its expansile borders can be palpated 
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entirely below the costal margin. Ultrasound scan
ning detects aneurysms in over 95% of all cases 
[16]. Lateral abdominal X-rays have lost their im
portance for the detection of calcified aneurysms 
owing to the higher accuracy of ultrasound imag
ing. Another noninvasive diagnostic procedure is 
CT, with or without contrast media. It reliably 
detects an aneurysm and at the same time gives 
valuable information for planning surgical recon
struction. It precisely determines the extent of the 
aneurysm and then shows whether or not aneurys
mal enlargement has spread to segment IV of the 
abdominal aorta. Positional anomalies of the infe
rior vena cava or the left renal vein (retroaortic 
position) may also be visualized. CT scanning bet
ter identifies a retroperitoneal hematoma in symp
tomatic aneurysms and may assess the degree of 
possible rupture. Symptomatic aneurysms which 
show no leakage can then be treated electively 
after adequate preparation of the patient for sur
gery; in this way, one avoids emergency operations 
of considerably higher risk [22]. For example, an 
inflammatory aneurysm often causes symptoms 
such as flank or lower back pain without demon
strating rupture. This type of aneurysm can be 
identified preoperatively on the CT scan. It regu
larly shows a perianeurysmallayer of tissue several 
centimeters thick which holds back contrast medi
um (angio-CT) [23]. 

Infrarenal aneurysms often extend into the re
nal arteries. Therefore, preoperative angiograms 
of this region are mandatory [20]. The simplest 
method is digital subtraction angiography. Con
ventional angiography is performed if it is pre
sumed that the patient has occlusive arterial dis
ease of the lower limbs or a horseshoe kidney. 
The thrombotic coating of the internal wall of the 
aneurysmal sac often simulates an undiseased aor
tic lumen. In such a case, absent visualization of 
the lumbar arteries is enough evidence for the pres
ence of an abdominal aortic aneurysm. 

m. Indications for Surgery 

The rupture of an aneurysm is the most serious 
and most common complication. Thrombotic oc
clusion or embolic dissemination leading to pe
ripheral ischemia are seen less often. Many studies 
on the prognosis of patients with an abdominal 
aortic aneurysm show that spontaneous mortality 
in unoperated patients is two to three times higher 
than in those who undergo surgery. All aneurysms 
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should be treated operatively because of the risk 
of rupture. Exceptions are made only in high-risk 
patients with serious contraindications, such as 
therapy-resistant congestive heart failure, global 
pulmonary insufficiency, or progressive neoplastic 
disease. The danger of rupture increases propor
tionally with the diameter of the aneurysm. The 
probability of rupture cannot be reliably predicted 
since ruptures of small aneurysms also occur [9]. 
Estimation of this risk is also difficult in age 
groups of 70 years and more, to which most pa
tients belong today. 

Arteriosclerotic lesions of the supra-aortic 
branches or coronary arteries needing surgical re
pair should be treated prior to surgery of an ab
dominal aortic aneurysm. Under certain condi
tions, simultaneous repair of such lesions may be 
considered. 

IV. Positioning 

The surgical approach usually chosen for repair 
of an infrarenal aneurysm is the transabdominal 
approach. The patient is placed in a supine posi
tion. The upper part of the body is reclined slight
ly, the point of backward rotation lying between 
the umbilicus and the xiphoid process. The groin 
is always regarded as a potential operating area 
and is therefore prepared accordingly. External ro
tation of the thigh with slight flexion at the knee 
facilitates exposure of the inguinal vessels for fem
oral attachment of a prosthesis, if needed. 

V. Surgical Exposure 

A long midline incision or a wide transverse inci
sion may be performed to expose the infrarenal 
aorta (Fig. 15.4.1). A median laparotomy is usual
ly preferred. This incision, extending from the xy
phoid process to the symphysis pubis, allows for 
better visualization of the entire aortoiliac region 
and is usually carried out more quickly. The trans
verse laparotomy above or below the umbilicus 
causes less respiratory. dysfunction postoperatively. 
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Fig. 15.4.1. Incisions for exposure of an infrarenal aneu
rysm median or transverse laparotomy 

Fig. 15.4.2. a Exposure of the aneurysm with the incision 
lines drawn on the posterior peritoneum. b Schematic 
presentation of the anterior wall of the aneurysm. The 
inferior mesenteric vein has been divided following liga
tion. c Transverse section of the aneurysm from the sur
geon's point of view. Relationships to the duodenum 
(ascending portion) and inferior vena cava 
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VI. Exposure of the Infrarenal Aortic Aneurysm 

1. Surgical Exposure 

For the exposure of the aneurysm the small intes
tine is retracted to the right side of the abdomen 
or placed outside the cavity to the upper right of 
the incision. In the latter case heat loss is prevented 
by protecting the small intestine in a plastic bag. 
Following mobilization of the duodenojejunal flex
ure, a broad retractor is placed on the left and 
right side of the aneurysm and two narrow ones 
adjacent to the cranial end. This allows good visu
alization of the entire infrarenal aortic lesion 
(Fig. 15.4.2 a). 

~ __________ ~~ __________ ~~ C 
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2. Preparation of the Aneurysm 

Peritoneum and periaortic tissue above the aneu
rysm are incised down to the adventitia of the an
eurysmal sac on the right side of the midline to 
spare the inferior mesenteric artery and the vascu
lar arcade that supplies the left colon 
(Fig. 15.4.2 b). One now has access to a relatively 
avascular dissection plane that allows blunt and 
sharp dissection of the anterior aspect of the aneu
rysm (Fig. 15.4.2c). The incision is lengthened 
cranially up to the renal vein, which crosses about 
1 cm distal to the duodenum. With larger aneu
rysms, division of the inferior mesenteric vein, 
which crosses the infrarenal segment of the lesion, 
may permit better exposure. The incision is ex
tended distally in the direction of the right iliac 
artery. This spares the vascular arcades of the infe
rior mesenteric artery essential for proper perfu
sion of the left colon and preserves the, essential 
nerve plexus for sexual potency (see p. 180ft). 
Transverse dissection at the bifurcation should be 
avoided, if possible. 

3. Preparation of the Proximal Aorta 
(" Aneurysmal Neck") 

Exposure of the undiseased infrarenal segment of 
the aorta, which varies in length, is performed by 
sharp and blunt dissection as far as the left renal 
vein. This vein has a retroaortic position in 1 %-
2%. The elongation of the infrarenal aorta that 
is typical in such cases levers the neck of the aneu
rysm away from the spine. This allows the surgeon 
to dissect bluntly beneath it simply by using a 
finger (Fig. 15.4.3a). This maneuver prepares a 

Fig. 15.4.3. a Preparation of the proximal aort~ and digi
tal tunneling beneath it. b Exposure of the distal aorta 
and aortic bifurcation 
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plane for transverse cross-clamping of the proxi
mal aorta, which affords a better view during su
turing of the anastomosis than sagittal clamping 
would. The entire · circumference of the aorta 
should be mobilized only if it can be done with 
ease. With very large aneurysms extending just be
neath the origins of the renal arteries or in the 
presence of inflammatory changes of the retroperi
toneum, sagittal clamping is preferred without 
complete circumferential mobilization of the aor
ta. Atypically localized renal arteries must be iden
tified during dissection of the aneurysmal neck. 
Branches within the undiseased portion of this 
area can usually be saved without difficulty. Renal 
arteries having their origins within the aneurysmal 
wall itself may be excised together with an aneu
rysmal patch for reimplantation into a prosthesis. 
Pole arteries should be ligated only if their calibers 
are small. Otherwise, renal function may be im
paired by the loss of too much parenchyma. 

4. Preparation of the Distal Aorta 
and Pelvic Vessels 

The preparation of the distal aorta and proximal 
pelvic vessels is facilitated by a retroperitoneal ap
proach. All tissue lying in front of the aortic bifur
cation is mobilized en bloc in the plane of the 
adventitia and reflected to the left side 
(Fig. 15.4.3 b). This allows for good visualization 
without injury to nerve plexus that are important 
for the sexually active male [21]. Circumferential 
preparation of the distal aorta or common iliac 
arteries and mobilization of the vessels by placing 
rubber tubing around them is not necessary in this 
region. Dissection of two thirds of the anterior 
aspect of the large pelvic vessels is usually ade
quate for safe control of hemorrhage distally. In 
dilating and obliterating vascular lesions of the 
pelvic vessels, dissection is performed distal to 
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these diseased segments. Should circumferential 
mobilization of these vessels be necessary in some 
cases, preparation is started at the visible right 
iliac vein. This decreases the risk of intraoperative 
injury as the plane of dissection between the vein 
and the artery is very easily found in this area. 

F.W. SCHILDBERG and A. VALESKY 

Fig. 15.4.4. a Clamping of the aorta. Line of incision. 
b Removal of thrombotic material. c Closing the back
bleeding lumbar arteries with sutures. d Semicircular in
cision of the aorta at the neck of the aneurysm and 
the level of the bifurcation. Aortic back wall protrudes 
into the lumen 

Dissection distal to the origin of the internal iliac 
artery is performed through an additional incision 
of the peritoneum made in the iliac fossa. On the 
left side this is only possible following mobilization 
of the sigmoid colon away from the lateral abdom
inal wall. 
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Vll. Clamping and Division of the Aneurysm 

Following preparation, the aneurysmal neck is 
clamped in either a transverse or sagittal direction, 
just beneath the origin of both renal arteries. After 
clamping the inferior mesenteric artery near its ori
gin, the iliac vessels are clamped for control of 
back bleeding (Fig. 15.4.4a). In lesions limited to 
the aorta and bifurcation, clamping of the com
mon iliac artery is recommended. Separate clamp
ing of the internal and external iliac arteries is 
necessary if an additional aneurysm of the com
mon iliac artery is found extending downward fo 
the origin of the internal iliac artery. The aneurysm 
is opened by a longitudinal incision to the right 
of the midline, preserving the origin of the inferior 
mesenteric artery. The thrombotic material is re
moved en bloc. Back bleeding from the lumbar 
arteries is controlled by oversewing each bleeding 
orifice (Fig. 15.4.4 b, c). Owing to extensive arte
riosclerosis, local disobliteration of the orifice is 
usually necessary prior to suture ligation. After 
back bleeding from the lumbar arteries has been 
brought under control, the proximal aorta is digi
tally explored and the aortotomy is extended up
ward until the undiseased infrarenal aortic seg
ment is reached. Usually the distal portion of the 
incision is lengthened down to the bifurcation. If 
the iliac arteries also show aneurysmal enlarge-
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ment, the arteriotomy is continued downward un
til an arterial segment is reached to which the pros
thesis may be connected. Remaining thrombotic 
material may be removed by extensive flushing lo
cally, peripherally, and proximally. 

vm. Technique of Vascular Reconstruction 

1. Synthetic Material 

Knitted double velour prostheses made of Dacron 
have always shown the best long-term results. 
Tube or bifurcation prostheses are employed, de
pending on the extent of the aneurysmal and arte
riosclerotic lesions at the aorto-iliac bifurcation. 
Knitted prostheses are usually implanted in unrup
tured abdominal aortic aneurysms. Woven pros
theses are used at the stage of rupture since the 
risk of dangerous clotting disorders in such a situa
tion is extraordinarily high. Unlike knitted pros
theses, woven grafts do not have to be preclotted. 
Poorer healing of the woven prostheses is one of 
the acceptable disadvantages of the material in this 
particular case. Recently, impermeable knitted 
prostheses that do not have to be preclotted be
came available. As for PTFE and other newer syn
thetics, only more clinical experience over a longer 
period of time can show how well they compare 
with better-known materials. 

Fig. 15.4.5a-d. Suture of the proximal anastomosis, 
starting with a continuous suture at the back wall. Direc
tion of stitch: prosthesis - outside/inside ; vascular wall 
- inside/outside 
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2. Proximal Anastomosis 

a) Standard Procedure. The infrarenal aorta is 
semicircularly incised across its anterior wall at 
the upper corner of the aortotomy (Fig. 15.4.4d). 
The back wall usually remains intact. Complete 
transection of the aorta is recommended only in 
exceptional cases, for better visualization of the 
back wall during suture (see Fig. 15.4.2b). The di
ameter of the prosthesis should be about equal 
to the size of the proximal aorta. Exact evaluation 
for appropriate graft selection may be facilitated 
by using a measuring device. The anastomosis is 
sutured continuously with 4-0 nonabsorbable 
monofilament suture material (Fig. 15.4.5). 
Stronger material with a larger needle is recom
mended only in vessels showing high grade arte
riosclerosis. In such cases, however, suture-hole 
leakage is much more common. In our experience 
with this technique, we have not found it necessary 
to place a Dacron cuff around the upper anasto
mosis. 

b) Suprarenal Clamping. In very large aneurysms, 
extending up to the renal arteries, the aorta must 
be clamped above the origin of these arteries. Bet
ter exposure can be achieved by thoroughly mobi
lizing the left renal vein following division of the 
spermatic or ovarian vein. Division of the left renal 
vein is only rarely required (Fig. 15.4.6). The ma
neuver requires careful preservation of all venous 

Fig. 15.4.6a-d. Suprarenal clamping with interposition 
of a tube prosthesis (renal vein divided) 
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branches coming from the gonads and suprarenal 
glands. Otherwise, venous return from the left kid
ney would be considerably impaired. Clamping the 
renal arteries is also recommended to prevent 
thrombotic material from embolizing into these 
vessels during suprarenal clamping of the aorta. 
Clots within the aneurysm often extend all the way 
up to the orifices of the renal arteries. After the 
aneurysm has been opened, thrombectomy may 
be performed under direct vision. The origins of 
the renal arteries may be checked for back bleeding 
during this maneuver. 

Complete transection of the aorta facilitates su
turing of the anastomosis since the back wall of 
the aorta is fixed to the spine. Complete transec
tion allows the back wall to be entirely mobilized 
away from the spine, thereby facilitating the pre
cise placement of sutures in close proximity to the 
renal arteries (Fig. 15.4.6). 

3. Distal Anastomosis 

a) General Remarks. The frequency of implanta
tion of tube grafts in comparison with bifurcation 
grafts is reported to be 0%-85% in operative treat
ment of infrarenal aneurysms. This wide range in 
preference can be explained by the great differ
ences in the indication for reconstruction. An an
eurysm with undiseased iliac arteries is beyond 
doubt best-suited for the interposition of a tube 
graft. This situation, however, is only rarely en-

c 
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Fig. 15.4.7 a-d. Suture of the distal anastomosis, starting 
in the middle of the back wall 

countered. Additional arteriosclerotic lesions or 
dilatations of the iliac arteries are often found next 
to the aneurysm itself. We have observed that the 
implantation of tube prostheses has a significantly 
lower mortality as compared with bifurcation 
grafts. Therefore, if no clinical symptoms of occlu
sive arterial disease within the iliac arteries are 
present, we implant a tube graft, even though ar
teriosclerotic lesions may be found at the aortic 
bifurcation and in the iliac arteries. Dilatations 
of the pelvic arteries, except aneurysms, do not 
contraindicate the interposition of a tube graft. 
The percentage of tube grafts implanted in our 
patients was 45%, which is relatively high. The 
late results (n = 100) were good. No second opera
tion had to be performed for occlusive arterial dis
ease of aneurysma formation within the pelvic ar
teries during a follow-up period of up to 6 years. 
Yet, aneurysms of the pelvic arteries or clinically 
manifest occlusive arterial disease of the pelvic 
type require the implantation of a bifurcation 
graft. 

b) Tube Graft. In aneurysms limited to the distal 
aorta, the aortotomy ends at the aortic bifurca
tion. A semicircular incision is made at the distal 
end of the arteriotomy (see Fig. 15.4.4d). The con
tinuity of the back wall of the aorta is preserved. 
Larger arteriosclerotic lesions at the aortic bifurca-
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tion can be removed by limited disobliteration. 
Kinking of the prosthesis is avoided if the distal 
anastomosis is established while the upper part of 
the body is slightly flexed and the prosthesis is 
tightly stretched. Suture of the anastomosis is per
formed in the same manner as in the proximal 
anastomosis (Fig. 15.4.7). 

c) Bifurcation Graft. Prior to implantation, the 
aortic portion of the graft is shortened so as to 
measure 2-3 cm from proximal end to bifurcation. 
This prevents kinking of the iliac limbs of the graft. 
Additional aneurysms of the common iliac artery 
make extension of the arteriotomy necessary. It 
is extended over the aneurysmal sacs, until an un
diseased segment of the artery is reached. The pe
ripheral connection is then established at the com
mon iliac artery, iliac bifurcation, or external iliac 
artery in the form of an end-to-end anastomosis, 
depending on the condition of these vessels. Con
tinuous suture is performed using a 5-0 monofila
ment nonabsorbable suture (Fig. 15.4.8a). An an
eurysm of the internal iliac artery is treated simply 
by closing the orifice of the internal iliac artery 
from the inside of the opened aneurysm (see 
p. 279). In patients with symptoms of occlusive 
arterial disease of the pelvic type the distal aortic 
lumen is closed from within the aneurysmal sac 
by continuous suture, and both iliac branches are 
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Fig. 15.4.8. a, b Distal connection of the prosthesis to 
the iliac arteries with aneurysmal enlargement. The left 
internal iliac artery is closed from the inside. c, d Distal 
connection to the iliofemoral segment in occlusive arteri
al disease (external iliac artery, femoral artery, and pro
funda femoris artery) 

anastomosed end-to-side to the external iliac ar
tery. An end-to-end anastomosis should be per
formed only if the internal iliac artery is occluded 
and cannot be perfused by reversed blood flow. 
Extensive arteriosclerotic changes within the iliac 
arteries may necessitate construction of a distal 
anastomosis within the groin region. In addition, 
revascularization of the profunda femoris artery 
may be necessary in cases of occlusive disease of 
the femoral artery (Fig. 15.4.8c, d). Before finish
ing the distal anastomosis, peripheral and proxi
mal flow through the prosthesis are checked. 
Thrombectomy is not necessary if the duration of 
surgery is not too long and systemic heparinization 
has been performed prior to reconstruction. De
clamping of a tube bifurcation prosthesis may lead 
to a sudden drop in blood pressure. Maintenance 
of optimal cardiac performance and prompt thera
peutic intervention may avoid such mishaps [27] 
(see p . 198). 

4. Reimplantation of the Inferior 
Mesenteric Artery (Fig. 15.4.9) 

Clinical criteria for reimplantation of the inferior 
mesenteric artery are a weak back flow in the mes
enteric artery or signs of colonic ischemia follow
ing clamping of the origin of the inferior mesenter
ic artery. Objective assessment of colonic circula
tion is possible by measuring the stump pressure 
of the mesenteric artery [11]. In most cases, liga
tion of this artery does not lead to subsequent 
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ischemia of the left colon since it is often occluded 
by thrombi prior to surgery. The vascular arcades 
of the sigmoid mesocolon can be saved by ligation 
near the aorta. If the patient has had large bowel 
resection in the past, or if aneurysms of the inter
nal iliac artery are present, reimplantation of the 
inferior mesenteric artery should be performed. 
The vessel must be patent and wide. It is sutured 
onto the prosthesis with a wide cuff of the aortic 
wall attached to it. 

Fig. 15.4.9. Reimplantation of the inferior mesenteric 
artery 
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5. Surgical Management of Renal Artery Stenoses 

Correction of renal artery stenoses is indicated 
during elective surgery for an abdominal aortic 
aneurysm. It lowers postoperative risk, possibly 
by eliminating the cause of renovascular hyperten
sion or renal insufficiency. Reconstruction of the 
renal arteries may be achieved by direct thrombo
endarterectomy with subsequent patch graft an
gioplasty or bypass. The most favorable surgical 
procedures are aortorenal vein bypass, grafting 
from an undiseased segment of the aorta or venous 
bridging in bilateral renal artery stenoses [20] (see 
p. 619). These have the best long-term results. 
Most vascular surgeons do not use the methods 
just mentioned if an abdominal aortic aneurysm 
is repaired at the same time. To shorten operating 
time, a synthetic bypass graft is usually implanted. 
Usually Dacron double velour prostheses with a 
diameter of 6 or 7 rom are anastomosed to the 
aortic prothesis and poststenotic region of the re
nal artery. 

IX. Closure of the Posterior Peritoneum 

The residual aneurysmal sac is sutured around the 
implanted graft (Fig. 15.4.10a) with a continuous 
suture (Fig. 15.4.10b). In large aneurysms, partial 
resection of the wall is necessary before suturing 

Fig. 15.4.10. a Interposition of a tube graft. b, c Covering 
of the graft with the aneurysmal sac and closure of the 
retroperitoneum 
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of the aneurysmal sac. The cut edges of the sac 
should be bloodless before closure. Some parts of 
the graft, especially around the anastomoses, may 
remain exposed. They should, however, be careful
ly covered by periaortic tissue. The interposition 
of a thick layer of tissue, especially at the proximal 
anastomosis is the best prophylaxis against the for
mation of an aortoduodenal or aortoenteric fistu
la. The flexura duodenojejunalis is reattached to 
its original site of fixation. The posterior perito
neum is closed with a continuous suture (Fig. 
15.4.10c). A drain is not necessary. 

x. Surgical Management of Special Types 
of Infrarenal Aortic Aneurysms 

1. Mycotic or Bacterial Aneurysm 

Mycotic aneurysms account for about 1 % of all 
abdominal aortic aneurysms. Usually staphylococ
cus and salmonella are found to be the infectious 
agents. A mycotic aneurysm is best managed by 
reconstruction in stages. In the first stage, a subcla
vian-bifemoral prosthetic bypass is constructed, 
then the infected portion of the aorta is resected 
in a second session (see p. 539ft). Only very few 
cases have been reported in which surgical repair 
was successful. 

2. Horseshoe Kidney and Abdominal Aneurysm 

a) Anatomy. In a horseshoe kidney the lower poles 
of the left and right kidneys are fused at the level 

'. j IL. 
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Fig. 15.4.11. a Infrarenal aortic aneurysm and horseshoe 
kidney. b Situation following resection of the infrarenal 
aortic aneurysm and interposition of a bifurcation pros
thesis with reimpiantation of the renal arteries 

of the fourth lumbar vertebra (Fig. 15.4.11 a). The 
renal tissue usually lies in front of the aorta and 
vena cava, but it may also lie behind both vessels. 
The ureters arise in the upper portion of each kid
ney and run in front of the isthmus. Only about 
50% of all horseshoe kidneys have a normal vascu
lar supply. If anomalous arteries are present, there 
are two patterns of distribution: each half of the 
kidney is supplied by only a few arteries in 25% 
of cases, and in 25% multiple renal arteries supply 
all portions of the renal substance [19]. Most of 
the anomalous arteries arise directly from the 
aneurysm. 

b) Surgical Procedure. The surgical procedure is 
adjusted according to the vascular supply of the 
kidney. If a normal vascular pattern is identified, 
aortic replacement and reconstruction may be per
formed after mobilization and elevation of the 
isthmus. Frequently, the connection between the 
lower poles is no more than a fibrous band. In 
such cases, the isthmus may safely by divided in 
the midline. Arteries arising from the aneurysm, 
which supply the renal substance connecting both 
poles, may be cut out with an aortic patch and 
reimplanted into the prosthesis (Fig. 15.4.11 b). 
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This is not necessary if severely arteriosclerotic and 
stenosed vessels are found which supply only the 
isthmus or the lower renal poles. When mUltiple 
renal arteries supply the bulk of the renal mass, 
the failure to reimplant several arteries (multiple) 
may severely impair renal function. This situation 
represents an inoperable condition. In large, symp
tomatic, or ruptured aneurysms, there is usually 
no alternative to the implantation of a synthetic 
prosthesis. Chronic renal insufficiency may be a 
consequence and must be taken into account. 

3. Inflammatory Aortic Aneurysm 

a) Anatomy. An inflammatory abdominal aortic 
aneurysm is an infrarenal aneurysm surrounded 
by solid perianeurysmal tissue. This layer may 
reach a thickness of several centimeters and fill 
the entire retroperitoneal space, extending from 
the kidneys down into the small pelvis [26]. Micro
scopically, this type of tissue proliferation is simi
lar to retroperitoneal fibrosis. Complications may 
occur due to compression of retroperitoneal struc
tures by this bulky mass. The ureters are common
ly involved. In inflammatory aneurysms, the ure
ters are usually displaced medially, and not lateral
ly as with large aneurysms of other types. Patients 
complain of severe back pain. This often creates 
the impression of a contained rupture of an aortic 
aneurysm. Computed tomography may show the 
typical, perianeurysmal, homogeneous layer of tis-
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sue, which takes up a lot of contrast medium. This 
characteristic finding easily establishes the preop
erative diagnosis [23]. The uptake of contrast me
dium can be explained by the high degree of vascu
larization of the fibrotic tissue [23]. 

b) Indications for Surgery. Reconstruction is al
ways indicated because of the increased risk of 
rupture and possible obstruction of neighboring 
structures such as ureters and intestine. The 
danger of rupture, however, is not as high as with 
typical arteriosclerotic aneurysms [26]. Conserva
tive treatment with cortisone [7] is still controver
sial, owing to the possibility of rupture. 

c) Surgical Procedure. Surgery is complicated as 
a result of the very dense fibrotic adhesions by 
which the aneurysm is attached to the duodenum, 
left renal vein, and ureters. Injury of the duode
num during preparation may lead to secondary 
infection of the prosthesis and aortoduodenal 
fistula. To prevent injury to retroperitoneal struc
tures, such as the duodenum, left renal vein, and 
ureters, dissection around the aneurysm and its 
neck should be kept to a minimum. A portion 
of the fibrotic mass must be left adhering to the 
duodenum. After opening the aneurysm, the plane 
of dissection between the aorta and the fibrotic 
tissue can be found at the neck. This maneuver 
affords visualization of the aortic wall and the ori
gins of the renal arteries and permits accurate as
sessment of the proximal and distal extension of 
the aneurysm. After infra- or suprarenal cross
clamping of the aorta the proximal anastomosis 
can be sutured. The fate of the in situ fibrotic 
masses during the postoperative course is still un
known. It is presumed that fibrosis progresses or 
at least persists. Therefore, if the ureters are ob
structed, ureterolysis and intra-abdominal dis
placement of the ureters is recommended [1]. 

Recent reports show that retroperitoneal fibro
sis recedes following vascular reconstruction and 
interposition of a prosthesis. Urinary tract ob
structions disappear within months after internal 
splinting of the ureters [1, 23]. Additional cor
tisone treatment is recommended to accelerate re
gression of fibrotic tissue. Ureterolysis and intra
abdominal displacement of the ureters should be 
performed only if the described therapeutic mea
sures have failed. 
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XI. Alternative Methods of Treatment 

Alternative methods have been developed for the 
treatment of poor-risk patients with very large and 
symptomatic aneurysms. The introduction of a 
thin wire into the aneurysm reinforces the aneurys
mal wall by rolling up into a coil [13, 17]. But 
this often leads to thrombosis of the aneurysm. 
Another method is a staged procedure. First, a 
subclavian - bifemoral bypass is constructed and 
then the iliac arteries are ligated; this, too, often 
leads to thrombosis of the aneurysm. Other meth
ods are embolization of the aneurysm by injecting 
polymers [6, 12] or thrombin [3] through a cathe
ter. Only a few reports have been published so 
far on the results of these procedures. They do 
not completely eliminate the danger of rupture in 
patients who are inoperable, but they do lower 
the risk to some degree. 

B. Ruptured Infrarenal Aortic Aneurysms 

I. Frequency and Localization of Rupture 

Aneurysmal rupture is the most frequent and most 
severe complication of an infrarenal aortic aneu
rysm. As the diameter of the aneurysm grows, the 
risk of rupture increases. However, smaller aneu-

Fig. 15.4.12. Localization of ruptures of infra renal aortic 
aneurysms (cumulative statistics from ten published re
ports) 
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rysms may also rupture. Autopsy statistics [9] have 
shown that 17% of ruptured aneurysms not treat
ed surgically had a diameter of less than 4 cm. 
A summary combining the results of several re
ports shows that 88% of the aneurysms (n=274) 
ruptured into the retroperitoneum, 7.3% freely 
into the abdominal cavity, 2.2% into the duode
num, and another 2.2% into the inferior vena cava 
(Fig. 15.4.12). 

ll. Special Diagnostic Procedures 

The clinical symptoms are characterized by the 
classical triad of abdominal pain, pulsating tumor, 
and shock. Massive gastrointestinal bleeding with 
shock symptoms or acute congestive cardiac insuf
ficiency accompanied by a machinelike murmur 
audible over the abdomen indicate rupture into 
the duodenum or vena cava. The typical symptoms 
of rupture, such as acute abdominal pain or back 
pain, pulsating tumor, and shock do not always 
occur with the same frequency. Therefore, the di
agnosis cannot always be confirmed by clinical 
symptoms alone. Today, the most important diag
nostic methods are sonography and computed to
mography. These always detect an aneurysm if it 
is present. If a patient presents with clear symp
toms of rupture, an immediate laparotomy should 
be performed. Diagnostic procedures are less im
portant in such a case. The pulsatile abdominal 
mass may not be palpable in some patients. Ultra
sonography can reliably detect the aneurysm with
in a few minutes. Rupture cannot be confirmed 
in all patients by this method. Computed tomogra
phy during the rupture stage is still controversial 
since a delay of about 20-25 min must be expected, 
even in well-organized hospitals with enough per
sonnel. Therefore, it should be employed only in 
patients who have stable blood circulation. In 
these cases CT scanning always leads to correct 
diagnosis and localization of rupture. 

ill. Indications for Surgery 

Rupture is always an indication for surgery. There 
is no exception, even for the patient with poor 
general condition. 

Fig. 15.4.14. Subdiaphragmatic clamping of the aorta I> 
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IV. Preoperative Hemorrhage Control 

The trans brachial or transfemoral introduction of 
balloon catheters may reduce or completely con
trol bleeding preoperatively [14, 18]. Correct 
placement of the catheter, however, causes a con
siderable delay. 

Fig. 15.4.13. Hemorrhage control with balloon catheters 
introduced transfemorally or transbrachially 
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v. Surgical Procedure 

1. Control of the Proximal Aorta 

The most important step in the operation is emer
gency control of the proximal aorta. There are 
several ways of accomplishing this. 

a) Clamping of the Thoracic Aorta. Today, clamp
ing of the thoracic aorta is not advocated by most 
surgeons because it extends the procedure by ne
cessitating thoracotomy. 

b) Subdiaphragmatic Clamping. Subdiaphragmatic 
clamping of the aorta is preferred by most sur
geons (Fig. 15.4.14). Possible risks during this ma
neuver are injury of the esophagus and loss of 
time during preparation. 

c) Direct Exposure and Hemorrhage Control. A re
liable and commonly used method is direct expo
sure of the infrarenal aorta. Following division of 
the posterior peritoneum (Fig. 15.4.15 a), the prox
imal portion of the aorta can be exposed very 
quickly by blunt finger dissection along the wall 
of the aneurysm (Fig. 15.4.15b). The hematoma 
will usually have created the periaortic dissection 
plane, thereby facilitating access to the normal in
frarenal aorta. The danger of injury to the left 
renal vein is slight. If free rupture occurs during 
this maneuver, the surgeon can insert the thumb 
or middle finger of the right hand through the 
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Fig. 15.4.15. a Incision line of the posterior peritoneum 
over a ruptured aneurysm. b Finger dissection of a rup
tured abdominal aortic aneurysm for exposure of the 
proximal aorta 

wall defect or arteriotomy after short infracolonic 
manual compression of the aorta. This controls 
hemorrhage (Fig. 15.4.16a). In this situation, 
further dissection to develop an adequate proximal 
aortic stump can be carried out, followed by 
clamping of the aorta. The finger may be kept 
in place during this maneuver; alternatively the 
proximal aorta can be blocked with a balloon 
catheter (Fig. 15.4.16b). 

d) Instrumental Compression. There are numerous 
devices for temporary compression of the proximal 
aorta. Their use may lead to pressure injuries of 
the pancreas or esophagus. 

2. Adjuvant Measures 

Control or prevention of clotting disorders and 
high blood loss is essential for the patient's surviv
al. The risk is lowered by leaving the retroperitone
al hematoma in place and using low- or nonporous 
prostheses. Furthermore, heparin should not be 
administered, thrombocyte concentrates should be 
given early enough, and auto transfusion should 
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Fig. 15.4.16. a Emergency occlusion of the aortic lumen 
with the thumb and clamping of the proximal aorta. 
b Control of hemorrhage of the proximal aorta with a 
balloon catheter 

be performed. Of course, intraoperative invasive 
monitoring of cardiac function and blood pressure 
are essential for correct volume substitution. Im
provements in this field have considerably lowered 
the mortality rate worldwide during the last few 
years (see p. 198) [8, 27]. 
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VI. Rupture of the Aneurysm into the 
Gastrointestinal Tract 

Rupture into the gastrointestinal tract is most of
ten seen in the fourth segment of the duodenum. 
This portion has a very close anatomic relation
ship to the abdominal aorta. Because of its retro
peritoneal fixation, it is constantly exposed to the 
strong pulsations of the aneurysm. If adhesions 
are present, the stomach or deeper parts of the 
intestine may also be affected in rare cases. The 
time interval between the onset of hemorrhage and 
fatal exsanguination is sufficient to save 60% of 
the patients by early emergency surgery [25]. Sub
diaphragmatic clamping of the aorta is recom
mended. The aortoduodenal fistula and other fac
tors make quick infrarenal dissection difficult. Al
though only very few patients can be treated suc
cessfully in the long run, aortoduodenal rupture 
of an aneurysm can be treated by primary closure 
of the fistula in the duodenum, according to the 
standard technique, followed by implantation of 
a vascular prosthesis. Among 11 patients who 
were treated in this manner, not one showed a 
prosthetic infection in long-term follow up. Thus, 
treatment of a primary aortoduodenal fistula is 
different from the surgical management of a sec
ondary aortoduodenal fistula. The lesion must be 
reconstructed anatomically, and not by closure of 
the aorta with extra-anatomic bypass for revascu
larization of the lower limbs. Peri operative admin
istration of antibiotics is necessary. 

VII. Rupture of the Aneurysm into the 
Vena Cava Inferior 

This type of rupture is seen in 2% of aneurysmal 
ruptures. It quickly leads to cardiac decompensa
tion since the arteriovenous fistula lies only a short 
distance from the heart. Clinical symptoms are 
back pain and acute abdominal pain, increasing 
venous congestion of the inferior vena cava, and 
progressive cardiac insufficiency. In over 80% a 
typical machinelike murmur is heard during aus
cultation of the abdomen. 

Closure of the fistula is best performed through 
the opened aneurysmal sac. Bleeding from the 
vena cava can usually be controlled by digital com
pression. In large fistulas, the vena cava can be 
temporarily occluded externally with sponges. The 
fistula is closed from the aortic lumen by direct 
suture. 
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vm. Postoperative Complications 

1. General Complications 

Postoperative complications following surgery of 
an abdominal aortic aneurysm, such as hemor
rhage or vascular occlusion, do not differ from 
those encountered after normal vascular proce
dures. Severe hemorrhage or vascular occlusion 
necessitate immediate operative revision. How
ever, occlusions of larger reconstructions are rare. 

2. Ischemia of the Left Colon 

A relatively rare and severe early complication is 
ischemia of the left colon. It may start with colitis 
and end in necrosis of the entire left colon. This 
complication can almost always be avoided if the 
vascular supply to the left colon is preserved dur
ing aneurysmal resection (see "Sect. A.I"). If it 
does develop, the colon should be resected before 
total necrosis with perforation occurs. 

3. Aortoduodenal Fistula (see pp. 177, 308) 

A rare, very serious late complication is aortoduo
denal fistula. Its development is promoted by the 
very close contact between the prosthesis and in
testine. Arrosion of the intestine leads to infection 
of the prosthesis and disruption of the upper anas
tomosis. During surgical revision the prosthesis 
must be resected, the aorta closed by suture, and 
a subclavian bifemoral bypass constructed to pre
serve blood flow to the lower parts of the body. 
If bleeding is not life threatening, a subclavian bi
femoral bypass should be constructed during rein
tervention and not postponed to a second session. 
Careful coverage of the prosthesis and aneurysmal 
wall with periaortic tissue during the primary re
construction is a good prophylactic measure 
against the development of an aortoduodenal 
fistula. 
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A. Anatomy 

The same knowledge of anatomy is needed for 
surgical therapy of thoracoabdominal aneurysms 
as for treatment of other parts of the aorta (thorac
ic aorta, suprarenal and infrarenal abdominal aor
ta). The pattern of blood supply to the spinal cord 
is, however, of special importance. In operations 
on smaller segments of the thoracic or abdominal 
aorta, injuries to spinal arteries arising at different 
levels of the aorta are not as extensive, and spinal 
cord ischemia is avoided, provided that the longi
tudinal arterial system is intact. But in thoracoab
dominal aortic replacement, arterial blood supply 
to the spinal cord is always in jeopardy depending 
on the magnitude of the procedure. Preoperative 
planning is difficult since the arterial supply to 
the spinal cord shows many variations. The longi
tudinal arterial system changes physiologically in 
certain cord segments, and preoperative angio-

graphic presentation of the spinal cord's arterial 
system is very difficult. Therefore, it is necessary 
to be well informed about the arteries of the spinal 
cord and to carefully assess its functional status 
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Fig. 15.5.1. Schematic representation of the vascular 
supply to the spinal cord. (Taken from PISCOL 1972) 
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Fig. 15.5.2. The longitudinal arteries of the spinal cord 
and their branches (a ventral, b dorsal). Note the chang
ing calibers (JELLINGER and PISCOL 1972) 

Fig. 15.5.3. Vascular supply as seen in a cross section [> 

of the spinal cord. The boundary line (shaded area) be
tween ventral and dorsal supply is especially vulnerable 
to ischemia if blood flow is reduced by arteriosclerotic 
disease (v. LANZjW ACHSMUTH 1982) 
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preoperatively to be able to estimate the risk of 
postoperative paraplegia, one of the most serious 
complications. 

The anterior spinal artery is formed by the un
ion of both anterior spinal rami of the vertebral 
artery at the level of the segments Cl-C3. The 
artery descends in or next to the anterio-median 
fissure to the filum terminale. Its diameter varies 
considerably (0.5 mm in the cervical region, 
0.34 mm in the thoracic region, and 1 mm in the 
lumbar region). Short interruptions (up to 5 mm 
in length) of the artery are described, especially 
in its cervical portion. Blood flow to this artery 
is not always reinforced at every level. Therefore, 
the compensation of a loss of a larger artery is 
limited. The most important is the great radicular 
artery, with a diameter of up to 1.2 mm. It is found 
on the left side in 73% of the cases and may appear 
between the segments Th6 and L5. In 62% it may 
be identified at the level Th9-Th12 (12% Th6-
Th8, 26% starting from L1 downward). Therefore, 
it is the most important and lower source of blood 
flow to the lumbar spine. For the most part, it 
supplies in most cases only the anterior region of 
the spinal cord. Blood supply of the posterior re
gion of the spinal cord is better because of the 
presence of two posterior spinal arteries. These re
ceive a succession of small arterial branches at dif
ferent segments revealing a good chance of com
pensating blood flow if one of these vessels be
comes occluded (Fig. 15.5.3). Therefore, the ante
rior region of the spinal cord is more easily dam
aged by ischemia [8, 9,11,13]. 

The preservation of the great radicular artery 
is of great importance. The best chance of avoiding 
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paraplegia is to maintain blood flow to this artery 
and to segmental arteries by reimplanting aortic 
spinal branches (CRAWFORD and CRAWFORD 1984; 
in 313 patients the rate of paraplegia was 2% [3]). 

B. Indications for Surgery 

The thoracic aorta may be divided into three parts 
(see p. 331). This differentiation is necessary to 
plan the surgical strategy correctly. The extension 
of an aneurysm to the segments I and II would 
mean that surgery could only be done under hypo
thermia using extracorporal circulation (see 
p.742). 

Only aneurysms of the descending aorta, where, 
moreover, the ascending aorta and the aortal arch 
are intact, will be discussed here. Furthermore, ab
dominal suprarenal aneurysms will be presented 
because the visceral branches of these aneurysms 
demonstrate the same anatomic characteristics 
and require the same surgical technique as thora
co abdominal aneurysms. 

The prognosis for a thoracoabdominal aneur
ysm is the same as for aneurysms of each individ
ual aortic segment. Rupture, which is usually pre
ceded by penetration (chest pain, back pain), can 
occur with any aneurysm (into the pleural cavity, 
esophagus, duodenum, inferior vena cava, retro
peritoneum, intraperitoneal cavity (see p. 333). 

Surgery is absolutely necessary in patients with 
symptoms of imminent rupture, even if several risk 
factors are present. In an asymptomatic stage, an 
operation should be considered carefully. When 
making such a decision, one should determine the 
risks involved and weigh one against the other. 
If possible, preoperative improvement should be 
sought by medical therapy (see p. 100). CRAWFORD 
reports the following frequencies of risk factors 
in this large patient group with thoracoabdominal 
aneurysms [3]: 

25% coronary artery disease 
18% high blood pressure 
22% obstructive lung disease 
12% peripheral occlusive arterial disease 

The risk factors not only influence the indications 
for surgery. They are also important factors in 
limiting the extent of an operation. For example, 
in a high risk patient with a thoracoabdominal 
aneurysm with an extension into the infrarenal 
segment, reconstruction may be limited to the 
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thoracic segment if there was certain evidence of 
thoracic penetration (symptoms, CT scan), and a 
reconstruction of all segments was not possible due 
to high risk. In those cases revealing difficulties 
in the decision to operate, good interdisciplinary 
cooperation is necessary. The following aspects of 
preoperative planning are essential: 

Preoperative Measures 

1. Assessment of general operability (see p. 191); 
exercise ECG and pulmonary function tests. 

2. Good radiologic documentation of the local
ization and extent of the aneurysm: (a) conven
tional angiography with selective visualization of 
each visceral artery; (b) arterial digital subtraction 
angiography to save contrast medium, e.g., in pa
tients with elevated creatinine. Venous administra
tion of contrast medium during digital subtraction 
angiography does not provide adequate picture 
quality for preoperative planning; (c) CT scans 
usually performed with contrast medium. If possi
ble, vascular supply to the spinal cord should be 
visualized, especially the origin of the great radicu
lar artery. Sometimes, this artery cannot be identi
fied in the preoperative CT scan. In such cases, 
it must be identified intraoperatively as the vessel 
showing the strongest back bleeding at the thora
columbar junction. The artery must then be reim
planted into the prosthesis. Anatomic variations 
and concomitant occlusive arterial disease may be 
seen in the CT scan (e.g., 20% of all patients with 
aneurysms in the suprarenal abdominal region, 
segment IV, have occlusive arterial disease requir
ing revascularization; additional aneurysms, e.g., 
of the internal iliac artery, may also be diagnosed 
preoperatively). This preoperative information 
greatly influences the choice of surgical technique 
and surgical strategy. 

3. In elective surgery, training with a respirator 
(e.g., Bird) should begin 2-3 days prior to the op
eration. In addition to being instructed in the 
proper breathing technique, the patient should be 
made aware of how crucial his cooperation will 
be in the postoperative phase. At the same time, 
intermittent practice at positive pressure breathing 
provides an ideal simulation of postoperative 
weaning from the respirator. 

Intraoperative Measures 

1. Clamping times can be kept short by reduc
ing the number of anastomoses. Organs should 
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be reperfused as soon as the prosthesis is in place. 
The ischemic time tolerated by the liver (with nor
mal liver function, a maximum of 60 min) is diffi
cult to estimate preoperatively because sensitive 
testing methods are not available. 

2. Optimal monitoring (arterial pressure, pres
sure registration with a Swari-Ganz catheter, 
blood gas analyses at regular intervals, especially 
when both sides of the lung are intubated separate
ly and one lung is allowed to collapse). Also the 
use of a cell saver is mandatory (see p. 197). 

Postoperative Measures 

Following procedures of this magnitude requires 
intensive postoperative care by personnel who are 
highly experienced in the diagnosis and treatment 
of cardiopulmonary, hepatic, and renal diseases. 
Correct management of fluids and electrolytes (hy
perhydration, polyuria!) and the detection of he
patic insufficiency with the substitution of certain 
plasma factors (e.g., clotting factors) are necessary. 

C. Positioning and Surgical Procedure 

Surgical management of thoracoabdominal aneu
rysms depends on their localization and extent 

We differentiate: 

I. Thoracoabdominal aneurysms 
II. Thoracoabdominal aneurysms with intact 

segment IV 
III. Thoracic aneurysms with involvement of the 

proximal segment IV 
IV. Aneurysms of the distal thoracic aorta ex

cluding segment V 
V. Aneurysms of segments IV and V 

VI. Aneurysms of segment IV 
VII. Importance of anatomic variations 

I. Thoracoabdominal Aneurysms 

1. Positioning and Surgical Approach 

A left thoracotomy is performed in a right semi
lateral position. The thorax should be rotated 
about 60° to the right (Fig. 15.5.4). Both hips 
should lie in a horizontal plane keeping contact with 
the surface of the operating table. The abdomen 
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Fig. 15.5.4a, b. Thoracoabdominal right semi-lateral po
sition according to CRAWFORD (thoracic 60° rotation, 
pelvis in a horizontal plane). The anterolateral thoracot
omy runs forward across the left costal margin to the 
midline of the abdomen and is continued downward as 
a laparotomy. To prevent the trunk from overtwisting, 
a half-tilted 60° lateral position is preferable to a 90° 
lateral position of the thorax 

is slightly twisted, allowing good exposure during 
surgery. Access to both groin regions presents no 
difficulty. An anterolateral thoracotomy is per
formed, starting with an incision over the sixth 
interspace (regular thoracotomies are usually per
formed one to two interspaces lower). Using the 
cautery, the intercostal muscles are divided at the 
upper margin of the rib, and the pleura is opened 
by an incision of about 1 cm. The lung is held 
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back with a small sponge to prevent injury during 
division of the pleura. After entering the pleural 
space, a rib spreader is inserted. The anterolateral 
thoracotomy is continued to the space between the 
left medioclavicular line and the middle of the ster
num. The incision then crosses the costal margin 
to the midline of the abdomen. Following division 
of the costal margin with rib cutters, the dia
phragm is divided down to the aortic hiatus. This 
maneuver must be performed very carefully since 
the thin, fragile aneurysmal wall may be injured 
within the hiatus. Hemorrhage as a consequence 
of injury is very difficult to control. 

The splenic flexure of the colon is then mobi
lized. The left triangular ligament of the liver and 
the phrenicocolic ligament are divided. The stom
ach, small and large intestines, liver, spleen, and 
tail of the pancreas are reflected to the right. The 
retroperitoneal course of the aorta is exposed dis
tal to the renal arteries. Preparation of the thoracic 
aorta is easiest with artificial atelectasis of the left 
lung. This can be accomplished by means of a 
double-lumen endotracheal tube. Using this tech
nique, blood gas analyses at very short intervals 
are necessary. If the arteriovenous shunt volume 
reaches critical values, a straight vascular clamp 
may be used to occlude the left pulmonary artery, 
excluding the left lung from perfusion. 

2. Resection of the Aneurysm 
and Reconstruction 

The patient should not be heparinized systemically 
because of the considerable extent of the surgical 
procedure. Heparin is injected only locally into the 
clamped vessels (visceral branches, distal abdomi
nal aorta) as a diluted solution (1000 units each). 

Following exposure of the thoracic aorta, a 
small dose of a peripheral vasodilator is admin
istered, and a trial is made by clamping the aorta 
just below the origin of the left subclavian artery. 
Pulmonary artery pressure must be observed care
fully during this maneuver. Clamping should be 
done slowly in order to be able to counteract a 
sudden increase of blood pressure with sodium ni
troprusside (see p. 197). 

If blood pressure rises too abruptly, the clamps 
should be opened. A second attempt is made after 
applying a larger dose of sodium nitroprusside. 
Then, the distal thoracic aorta is also clamped with 
a straight vascular clamp, and the aneurysm is di
vided longitudinally (Fig. 15.5.5a, b). The distal 
clamp may· be replaced by a large, blocking Fo-
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garty catheter allowing retrograde perfusion of the 
visceral arteries - of course strongly impaired. 
Bleeding from intercostal arteries may be con
trolled by oversewing them at their origin inside 
of the aneurysm. Stronger retrograde hemorrhage 
from intercostal arteries is stopped with small Fo
garty catheters. The intensity of bleeding may be 
an indication of the degree to which certain vessels 
participate in supplying blood to the spinal cord. 

Following proximal anastomosis to the woven 
Dacron prosthesis (diameter 20-22 mm) (Fig. 
15.5.5c), both pairs of dorsal segmental intercostal 
arteries, which are blocked with catheters, are 
reimplanted into the prosthesis at those sites where 
previously an oval patch of synthetic material has 
been excised (Fig. 15.5.5d). The respective left and 
right arteries are not isolated from one another 
during continuous suture of the anastomosis (3-0 
Mersilene), but are anastomosed in pairs to the 
prosthesis. Separation of the arteries might lead 
to retroaortic vascular injury and would also be 
too time-consuming. The suture must penetrate 
the entire thickness of the aortic wall. After vent
ing, blood flow is restored to the intercostal arter
ies (Fig. 15.5.5f) [3,4]. 

If the dorsal wall of the aorta is intact, an ob
lique proximal anastomosis may be constructed 
in situ, leaving a long dorsal portion of the aortic 
wall the intercostal arteries arise from. Such an 
oblique end-to-end anastomosis may replace tho
racic reimplantation of segmental intercostal arter
ies (Fig. 15.5.5e). 

After reconstruction of the thoracic aorta, the 
visceral arteries are revascularized. Their origins 
are excised from the aneurysmal wall. Combining 
the origins of the celiac trunk and superior mesen
teric artery reduces the number of anastomoses 
and saves time (Fig. 15.5.5f). In very large aneu
rysms, it is often impossible to excise them togeth
er; in such cases each artery must be reimplanted 
separately. Clamping distal to the bifurcation pre
vents retrograde blood loss. The visceral arteries 
should not be clamped with traumatic vascular 
clamps. Instead, they should be blocked with Fo
garty catheters following instillation of heparin. 
Reimplantation is performed in the following 
order: right renal artery, celiac artery and superior 
mesenteric artery, left renal artery (Fig. 15.5.5 g-k). 
After each anastomosis is completed, blood flow 
is restored to the artery. First, the distal clamp 
is removed. Retrograde blood flow forces the air 
out of the vessel and flushes out small clots at 
the same time. Anterograde blood flow can be res-
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tored. Tangential clamping of the prosthesis dur
ing reimplantation of the celiac artery, superior 
mesenteric artery, and left renal artery provides 
adequate arterial blood supply to the arteries pre
viously anastomosed to the prosthesis (Fig. 
15.5.5 g- j). Following completion of the visceral 
anastomoses, a cranial pair of lumbar arteries is 
reimplanted to insure supply to the caudal portion 
of the spinal cord. The pair showing the strongest 
back bleeding should be reconnected as shown for 
the thoracic segment of the prosthesis [2, 6, 7]. 
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An alternative technique, introduced by Craw
ford, may be used instead. In order to apply this 
method, the aortic wall surrounding the origins 
of the visceral arteries must be free of severe patho
logic change [3, 5]. This is not true for the revascu
larizing technique described above. It may be per
formed even in the most severely damaged aortas. 
One major advantage of the Crawford technique 
is the reduced number of anastomoses. This is ac
complished by modifying the incision and dividing 
the abdominal aneurysm in a different way. The 
thoracic incision is directed toward the left and 
continues downward, passing just behind the left 
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Fig. 15.5.5a-k. Replacement of a thoracoabdominal an
eurysm. a Full extent of the aneurysm, incision, funnel
shaped excision of the visceral artery orifices. b Division 
of the anterior wall of the thoracic aneurysm. c Proximal 
end-to-end anastomosis. The localization of two thorac
ic segmental tributaries with the strongest back bleeding 
is shown. These must be reimplanted into the graft. The 
other intercostal arteries are closed transaortically with 
sutures. d Anastomosis of the prosthesis to a pair of 
thoracic intercostal arteries blocked by a Fogarty cathe
ter. e As an alternative to c and d, a beveled end-to-end 
anastomosis may be attempted, provided the dorsal aor
tic wall is still intact. f Restoration of blood flow to 
the segmental intercostal arteries. Visceral arteries ex
cised with a funnel-shaped origin. g Blood loss reduced 
by using blocking catheters. h Anastomosis of the right 
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renal artery. For anastomosis of the excised origin of 
the renal artery to the prosthesis an oval patch of syn
thetic graft material must be cut out of the prosthesis 
(a simple longitudinal incision of the prosthesis is not 
adequate!) i Restoration of blood flow to the right kid
ney and anastomosis of the celiac artery and superior 
mesenteric artery by clamping the prosthesis longitudi
nally around the excised orifice. j Anastomosis of the 
left renal artery during longitudinal partial clamping of 
the prosthesis. The oval excision of the prosthesis for 
the anastomosis must be performed on the lateral aspect 
of the graft to prevent kinking of the renal artery after 
its implantation. k Anastomosis of the lumbar segmental 
arteries followed by suture of the distal anastomosis; 
the blocking Fogarty catheters are removed just before 
the final sutures of the anastomosis are placed 
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Fig. 15.5.6 a-d. Replacement of a thoracoabdominal aor
tic aneurysm using the Crawford technique. a Clamping 
of the thoracic aneurysm as described in Fig. 1S.S.Sa- f. 
The abdominal portion of the aneurysm is opened by 
a left posterolateral approach. b The ventral and the left 
lateral vascular walls are reflected to the right; retro
grade bleeding is blocked by a catheter. c Large oval 
excision of the prosthesis. The anastomosis covers the 
origin of the celiac artery, superior mesenteric artery, 

c 

and right renal artery. The Crawford technique does 
not call for the separate excision of each artery from 
the aneurysmal sac. Suturing is meticulous, transfixing 
the entire vascular wall. The aortic wall must be suffi
ciently intact for adequate suture. d The left renal artery 
is sutured to the prosthesis following generous excision 
of the prosthesis at the appropriate site. The prosthesis 
is clamped tangentially. The distal anastomosis is com
pleted after revascularization of the lumbar arteries 



15.5 Thoracoabdominal Aneurysms 

renal artery (Fig. 15.5.6a). The left kidney is rotat
ed to the right. The ventral wall is pulled apart 
and opened in one piece with guide sutures at
tached to it (Fig. 15.5.6b). All orifices are visual
ized and checked. Back bleeding is stopped by bal
loon catheters after heparin instillation 
(Fig. 15.5.6c). A longitudinal oval patch is excised 
from the prosthesis. The first abdominal anasto
mosis between the aortic wall and the prosthesis 
should contain the celiac, superior mesenteric, and 
right renal arteries. The anastomosis is completed 
from within the aneurysm, each stitch transfixing 
the entire aortic wall. The left renal artery is su
tured to a second excised opening in the graft. 

There are several ways of connecting the pros
thesis distally. The selection of the appropriate 
method depends on the caudal extension of the 
aneurysm into the pelvic arteries (see p. 436). One 
should bear in mind that the spinal cord is also 
supplied by branches of the internal iliac artery. 
Great care must therefore be taken in reimplanting 
these arteries, should it become necessary to do 
so (see p. 280) (Fig. 15.5.6d). 

The distal anastomosis completes aneurysmal 
reconstruction. Before restoring anterograde 
blood flow to the graft, the distal clamps are re
moved and the graft is vented. Blood pressure 
must be monitored carefully after unclamping the 
graft proximally. Pressure may drop suddenly, 
even if the pelvic arteries are unclamped in succes
sion. If hypotension is severe, the prosthesis must 
be reclamped, and one must wait until sodium ni
troprusside has been eliminated. 

The aneurysmal sac is then closed over the thor
acic portion of the prosthesis, and the pleura is 
reconstructed. The diaphragm is sutured from the 
abdomen. Exact reconstruction is necessary to pre
vent pulmonary complications and diaphragmatic 
hernias. The lung must be inflated until all atelec
tatic regions regain their normal contour. The 
thoracotomy is then closed in layers after inserting 
two chest tubes. The retroperitoneum is sutured. 
The mobilized organs are placed back into their 
original positions. 

A matter of great controversy is whether or 
not a temporary bypass is necessary in this type 
of reconstruction. Arguments in favor of assisted 
circulation (e.g., from the left subclavian artery 
to the right common femoral artery, see p. 320) 
are that blood flow to the visceral organs and the 
spinal cord is best maintained under the protection 
of a bypass. Vascular reconstruction without a by
pass is always a race against the clock. 
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CRAWFORD, who operated on 313 patients with
out using bypasses, had the highest incidence of 
paraplegia in the group of thoracoabdominal vas
cular replacements (aortic segments III, IV, and 
V). The highest rate was seen in the group with 
concomitant occlusive arterial disease (of 63 pa
tients, 10% had paraplegia). If a longer thoracic 
segment did not have to be reconstructed, the inci
dence of paraplegia sank to 0% (in 84 patients 
[3]). 

Therefore, to reject the temporary bypass tech
nique a priori is not justifiable in our view. It 
should be applied in cases where aneurysmal re
construction might lead to considerable impair
ment of segmental perfusion to the spinal cord. 
In such cases, however, segmental reimplantation 
is also mandatory. 

3. Surgical Management of Additional Lesions 
Found at the Origins of the Visceral Arteries 

If the aneurysm extends into the orifice of a viscer
al artery, the aneurysmal segment of the vessel 
must be resected. Continuity is restored by direct 
reimplantation of the peripheral stump into the 
prosthesis. This may also be done by placing an 
interposition graft between the aortic prosthesis 
and the visceral artery (Fig. 15.5.7a-c). 

A concomitant stenosis may be relieved by di
rect disobliteration. The whole cutout of the pros
thesis for anastomosis of the visceral artery should 
be tailored in such a way that a tongue of synthetic 
material remains, protruding into the lumen. The 
visceral artery is then reimplanted, incorporating 
this flap into the suture in the manner of a patch 
graft, thereby preventing constriction at the suture 
line (Fig. 15.5.7d, e). 

Extensive thromboendarterectomy of the aortic 
wall with desobliteration of the main arteries is 
also possible. The crucial point in this technique 
is that the peripheral ends of the thromboendarter
ectomized segments show projecting ledges of 
thickened intima. The transition from the throm
boendarterectomized proximal segments of the ar
teries to the untouched distal portions must be 
smooth. Otherwise, intimal dissection and throm
bosis may occur (Fig. 15.5.7f, g). 
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Fig. 15.5.7 a-g. Variations in the origins of the visceral 
arteries. a The aneurysm extends into the orifice of the 
visceral artery (in this case the celiac artery). b The an
eurysmal segment near the orifice is resected, and the 
anastomosis is established directly or c via an interposi
tion graft between the aortic prosthesis and the visceral 
artery. d The orifice of the artery is narrowed by arterio
sclerotic plaques. e If a local thromboendarterectomy is 
not possible, the vessel is opened longitudinally, disobli
terated, and connected to the aortic prosthesis. A small 
strip of prosthetic material is tailored out of the graft 
at the site of anastomosis in order to obtain the same 
widening effect as in patch angioplasty. f Severe arterio
sclerotic lesions may be removed in toto by applying 
the Crawford technique. Thromboendarterectomy 
should not leave an intimal step at its peripheral ends. 
g The inner arteriosclerotic core of the thromboendarter
ectomized material is divided distally; retrograde blood 
loss from the visceral arteries is prevented by blocking 
catheters 

G. HEBERER and H. STIEGLER 

4. Temporary Bypass 

There are several bypass procedures for maintain
ing arterial peripheral perfusion during thoracic 
and visceral reconstructions. They should not pro
long operating time and should not hinder recon
struction. 

The methods described by SELLE [12] meet these 
requirements best. He uses a 9-mm Gott shunt 
for temporary bypass. This shunt is inserted proxi
mally through the left subclavian artery into the 
aortic arch and not directly into the aorta. The 
peripheral connection is established via the right 
common femoral artery. Tourniquets prevent dis
location of the shunt at the introduction sites 
(Fig. 15.5.8a). 

The distal aorta is perfused retrograde after 
cross-clamping of the proximal thoracic aorta. Re
construction is performed in the same manner as 
described earlier. 
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If the aneurysm is very large, a heterotopic 
rather than an orthotopic replacement is chosen. 
The following techniques are available: The vessels 
are exposed in the same manner as with the Craw
ford technique (see p. 314ft). In addition, the ves
sels in both groins are exposed. A woven Dacron 
bifurcation prosthesis is anastomosed on the left 
side to the femoral artery and extended upward 
by a tube (e.g., 22-mm woven Dacron). The proxi
mal end-to-end anastomosis is then completed. 
The temporary shunt is removed and blood flow 
through the interposition graft is restored, keeping 
the right branch of the prosthesis clamped 
(Fig. 15.5.8c); the latter is then anastomosed end
to-side to the right common femoral artery. The 
proximal anastomosis may also be performed end
to-side if the aortic wall just distal to the origin 
of the left subclavian artery is in fair condition 
(Fig. 15.5.8b). The clamping technique makes a 
temporary bypass superfluous. A disadvantage, 
however, is the unfavorable anastomotic angle, 
which causes turbulence. Reinsertion of the viscer
al arteries is performed in the following order: 

Fig. 15.5.8a-i!. Bypass of a thoracoabdominal aortic an
eurysm and its isolation from systemic circulation. a The 
temporary bypass tube is inserted over the left subcla
vian artery into the aortic arch and connected to the 
right common femoral artery. Retrograde perfusion of 
the abdominal and thoracic segments (spinal cord!) is 
achieved. The left limb of a bifurcation prosthesis is 
anastomosed end-to-side to the left common femoral ar
tery and clamped. b The proximal anastomosis may be 
performed end-to-side if the thoracic aorta offers enough 
space for this connection. Temporary bypass is not 
needed in such a case. If the hemodynamically more 
favorable proximal end-to-end anastomosis is chosen, 
the bifurcation prosthesis is implanted first. c The bifur
cation prothesis is lengthened proximally by two end-to
end anastomoses under protection of a temporary by
pass. The temporary bypass is then removed, and the 
right arm of the prosthesis is clamped. Abdominal and 
thoracic perfusion is again achieved by retrograde flow 
through the prosthesis. d, e Anastomosis of the right 
branch of the prosthesis to the right common femoral Fig. 15.5.8a, b. (Fig. 15.5.8c-i! see p. 322) 
artery. The visceral arteries are then connected to the 
prosthesis, sometimes through interposition grafts, using 
the tangential clamping technique. Order of implanta-
tion: (1) right renal artery; (2) celiac trunk; (3) superior 
mesenteric artery; (4) left renal artery. The aortic orifices 
of these arteries are closed by suture. The aneurysm is 
finally isolated from systemic circulation by ligation 
above the origins of the internal iliac arteries. Its proxi-
mal end is closed by mattress sutures. A great disadvan-
tage of this type of reconstruction is thrombosis of the 
aneurysm remaining in situ, with risk of ischemic dam-
age to the spinal cord 
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Fig. 15.5.8c-e. Legend see p. 321 

right renal artery, celiac trunk, superior mesenteric 
artery, left renal artery (by separate anastomosis 
of each artery). Usually several synthetic interposi
tion grafts (Dacron, 8 mm in diameter) are neces
sary to restore the continuity of the visceral arter
ies if the aneurysm remains in situ. Ischemic time 
can be shortened by constructing the primary 
prosthesis-to-prosthesis anastomosis by the tan
gential clamping technique (Fig. lS.S.8d). An end
to-end anastomosis is constructed between the 
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stump of the visceral artery and the distal end of 
the prosthetic interposition graft after beveling 
both ends (Fig. lS.S.8e). The aneurysmal wall is 
closed by continuous suture at the sites of the pre
viously excised origins of the visceral arteries. The 
aneurysm is totally isolated from circulation by 
ligating the common iliac arteries following com
pletion of all visceral anastomoses. This leads to 
total thrombosis of the aneurysm. Ischemia of the 
spinal cord may be a consequence of this process. 
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Direct aortic replacement, as accomplished by the 
modified Crawford technique in combination with 
temporary bypass, is more favorable since in the 
thoracic and lumbar regions, at least one pair of 
segmental arteries can be reanastomosed to the 
prosthesis. 

5. Aneurysms of the Suprarenal and 
Infrarenal Abdominal Segments Following 
Earlier Resection of Thoracic Aneurysm 

Further progression of aneurysmal disease follow
ing previous surgery of a thoracic aneurysm may 
necessitate operative correction in segments IV 
and V (Fig. 15.5.9a--c). 

This procedure is performed using the same ap
proach, with the patient in the same position, as 
in the primary thoracoabdominal operation (see 
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Fig. 15.5.9a-c. Replacement of the aorta in an abdomi
nal aortic aneurysm following previous thoracic vascular 
replacement. a Extension of the aneurysm, funnel
shaped excision of the origins of the visceral arteries. 
b The old distal anastomosis is resected, and the bifurca
tion prosthesis anastomosed proximally. The origins of 
the visceral arteries are excised. Blocking catheters pre
vent retrograde bleeding. c Reimplantation of the viscer
al arteries in the following order: (1) right renal artery; 
(2) celiac trunk and superior mesenteric artery; (3) left 
renal artery. One pair of lumbar arteries showing good 
reflux should be reimplanted since no intercostal arteries 
were attached to the graft during primary replacement 
of the thoracic aorta 
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Fig. 15.5.4). If during the first operation segmental ( 
intercostal or lumbar arteries were not reanasto
mosed to the graft, reimplantation of these arteries 
is of special importance in reoperation. This is 
done according to the same principles as those de
scribed previously. Here also, two techniques are 
possible: combined insertion of the visceral arter-
ies following longitudinal excision of the aortic 
wall surrounding them, as well as the separate 
anastomosis of each artery to the graft. 

During reintervention, care must be taken not 
to injure lung tissue. Leaks in the parenchyma 
must be carefully closed by suture to prevent infec-
tion of the prosthesis and the development of 
larger air leaks. The latter complicate mechanical 
ventilation during the early postoperative period. 

ll. Thoracoabdominal Aneurysms 
with Intact Segment IV 

Surgical treatment of this type of aneurysm is done 
with the patient lying in the semilateral Crawford 
position (Fig. 15.5.4). Following thoracotomy in 
the sixth intercostal space, the thoracic portion of 
the aneurysm is exposed. If the aneurysm ends 
above the diaphragm, it may be clamped at that 
site. Extension of the incision with division of the 
costal margin is not necessary in such a case. The 
procedure may be completed in one step by thorac
ic implantation of a tube prosthesis (in such a case, 
two pairs of arteries, one situated proximally and 
one distally, should be reimplanted). The infrare
nal aneurysm is then exposed by a median laparot
omy without division of the diaphragm (see 
p. 296). Reconstruction in this manner is advisable 
only if the thoracic aneurysm ends proximal to 
the diaphragm and there is enough space to clamp 
the aorta securely above the diaphragm 
(Fig. 15.5.10). If there is any doubt as to the distal 
extension of the aneurysm, thoracotomy should 
be extended over the left costal magin to the abdo
men, as described earlier (see p. 314). Mter poste
rolateral division of the diaphragm in the direction 
of the aortic hiatus, the proximal segment IV can 
be identified and the caudal end of the aneurysm 
exposed. Here again, a temporary bypass is recom
mended. Distal connection of the prosthesis is per
formed in accordance with the peripheral exten
sion of the aneurysm, e.g., iliac or femoral attach
ment. 

a 

Fig. 15.5.10a, b. Thoracic and infrarenal aortic aneu
rysm. a Anatomy. b Repair with an interposition graft. 
Covering the prosthesis with the aneurysmal wall 

ill. Thoracic Aneurysm with Involvement 
of Proximal Segment IV 

This aneurysm ends just above the origin of the 
celiac trunk. The portion of the aorta lying be
tween the right and left diaphragm is also en
larged. It cannot be reached by a thoracic ap
proach alone. It is reconstructed by the technique 
of interposition grafting (see Fig. 15.5.10). The pa
tient is placed in a thoracoabdominal position (see 
Fig. 15.5.4). . 

Another technique is replacement of the aneu
rysm with an intraluminal prosthesis. The intralu
minal prosthesis is cut according to the extent of 
aneurysmal involvement and a ring-enforced Dac
ron prosthesis is sutured to each end of the tube 
graft. The proximal ring is pulled into the proximal 
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Fig. 15.5.11 a-e. Replacement of a thoracic aneurysm ex
tending into segment IV with an intraluminal prosthesis. 
a Before intervention. b An intraluminal prosthesis of 
the appropriate length is fashioned. Dacron ring pros
theses are sutured on proximally and distally, and se
cured using sutures reinforced with Teflon felts. c A 
broad tape is tied around the groove in the Dacron ring. 
d Before resumption of blood flow the graft is vented 
distally. e The aneurysmal wall is sewn over the prosthe
sis 
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Fig. lS.S.12a-f. Replacement of a thoracoabdominal 
aortic aneurysm extending into segment IV. a Anatomy, 
lines of incision. b Construction of the proximal anasto
mosis. c Connection of thoracic intercostal arteries. 
d Distal long oblique end-to-end anastomosis. Preven
tion of retrograde bleeding by blocking catheters in
serted into the orifices of the visceral arteries. e Comple
tion of the anastomosis. f Graft covered with aneurys
mal wa.ll 
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aorta telescopically by three sutures reinforced 
with Teflon felts. The stay sutures are tied, and 
a broad tape is tied around the aortic wall. This 
band is securely tightened around a shallow 
groove beneath the rim of the Dacron ring. The 
graft is vented at the distal anastomosis before 
the periaortic ligature is completed (Fig. 15.5.11 a
e). An advantage of this technique is the short 
aortic clamping time. Disadvantages are: 

a) Segmental intercostal or lumbar arteries are 
not reanastomosed to the prosthesis. Careful 
trans luminal suture ligation at the origins of the 
segmental arteries is mandatory. 

b) The prosthesis is anchored proximally at only 
three sites. The wide periaortic ligature may cut 
into fragi1e, thin walls. Blood may gain access to 
the space between the prosthesis and the old an
eurysmal wall (similar to a pseudodissection). 

If the aneurysm extends far into segment IV, 
reconstruction can be accomplished neither by im
plantation of an intraluminar prosthesis nor by 
interposition of a graft as shown in Fig. 15.5.1 O. 
In such a situation, a modified method is available: 

The stomach, spleen, tail of the pancreas, left 
flexure of the colon, left lobe of the liver, and 
left kidney are mobilized to the right after expo
sure by a thoracoabdominal approach. The tho
racic aortotomy is lateralized to the left side and 
passed behind the left renal artery. The anterior 
portion of the aneurysmal wall can then be pulled 
back, exposing all origins of the visceral arteries 
from the inside. After completing the proximal 
anastomosis (with reimplantation of intercostal ar
teries), the prosthesis is connected to the aortic 
wall at its distal end by a long oblique end-to-end 
suture. A dorsal strip of the graft reaches down 
below both orifices of the renal arteries. These ves
sels may not be narrowed by the suture line which 
runs upward on the right and left sides 
(Fig. 15.5.12a-f). 

One advantage of this technique is that all 
visceral arteries are reimplanted by means of one 
anastomosis. Reconstruction cannot be expected 
to succeed, however, if the distal aortic wall is too 
severely damaged by aneurysmal disease. 

IV. Aneurysms of the Distal Thoracic Aorta 
Excluding Segment V 

If the aneurysm has the same pattern and exten
sion as depicted in Fig. 15.5.13, surgery is done 
with the patient lying in a thoracoabdominal posi-
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Fig. 15.5.13a, b. Replacement of a thoracoabdominal 
aortic aneurysm which extends for down to the bifurca
tion. a Anatomy. b Completed reconstruction with fun
nel-shaped excision of the visceral orifices. The Craw
ford technique may also be applied in such a situation 
(see Fig. 15.5.6) 

tion, and the thoracotomy is extended downward 
into the abdomen by dividing the costal margin. 
The diaphragm is transected until the aneurysm 
is reached, and the retroperitoneum is exposed 
from the left side (see p. 595). The other steps of 
reconstruction are described on p. 315ff. Reim
plantation of segmental lumbar arteries may be 
unnecessary if a large segment of the thoracic aor
ta is still completely intact. Lumbar arteries show
ing good evidence of main blood supply to the 
spinal cord in preoperative angiograms (great radi
cular artery arising from the lumbar aorta) should 
be reanastomosed, especially if intercostal arteries 
in the thoracic region cannot be shown on the 
angiogram because of extensive arteriosclerosis. 
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One should never attempt to repair the aneu
rysm by an abdominal approach alone. It is true, 
of course, that division of the crurae of the dia
phragm provides good exposure of a large segment 
of the thoracic aorta; nevertheless, the aneurysmal 
wall is always at high risk of tearing during dissec
tion from below, and the massive hemorrhage that 
follows rupture cannot be controlled using the ab
dominal approach alone. 

V. Aneurysms of Segments IV and V 

Exact preoperative evaluation of aneurysmal ex
tension is essential. Exposure may be achieved by 
laparotomy alone (however, with the patient in 
a thoracoabdominal position). The retroperitoneal 
tissue is divided down to the aneurysmal sac. The 
duodenum is mobilized to the right. The left renal 
vein is cut between two ligatures, if necessary [1, 
10]. The visceral arteries are exposed on the ven
tral aspect of the aorta. It is advisable to dissect 
the aorta free at the aortic hiatus and secure it 
with open clamps positioned around it. The sur-

Fig. 15.5.14a, b. Abdominal aortic aneurysm of seg
ments IV and V. a Anatomy. b Total reconstruction and 
reanastomosis of the visceral arteries (see Fig. 15.5.5) 

G. HEBERER and H. STIEGLER 

geon must then decide whether or not the recon
struction can be performed from below. Resection 
of the aneurysm and subsequent reconstruction 
are described in Fig. 15.5.14. 

VI. Aneurysms of Segment IV 

The rare aneurysms of segment IV are repaired 
using the technique described in Figs. 15.5.13 and 
15.5.14. An exception is presented in Fig. 15.5.15: 
Since this aneurysm arises from the back wall of 
the aorta, it does not affect the origins of the 
visceral arteries (Fig. 15.5.15). 

By laparotomy, this aortic segment is exposed. 
The left kidney, stomach, speen, splenic flexure 
of the colon, left lobe of the liver, duodenum, and 
tail of the pancreas are mobilized to the right as 
described by Crawford. A Dacron patch closes the 
defect. Dissection in this area may injure mobilized 
lumbar veins which are difficult to localize in the 
event of hemorrhage and may bleed postoperative
ly. Alternatively, the Dacron patch may be incor
porated by transaortic fixation. 

Fig. 15.5.15a, b. Abdominal aortic aneurysm of segment 
IV. a Anatomy. b This rare dorsal aneurysm is resected 
with preservation of the visceral arteries. The defect is 
closed with a Dacron patch 
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Fig. 15.5.16a, b. Consideration of anatomic variations. 
An additional pole artery of the kidney must be reim
planted. If the superior mesenteric artery is occluded, 
reinsertion of the inferior mesenteric artery into the graft 
is essential (Riolan anastomosis) (see p. 591) 
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VII. Importance of Anatomic Variations 

The visceral arteries may vary considerably in their 
anatomy. They should be visualized preoperatively 
by angiography as they are of crucial importance 
for correct surgical strategy (Fig. 15.5.16). 

The following anatomic variations are possible : 

a) Supplementary pole arteries of the kidney: 
They must be dissected free and reimplanted. Liga
tion leads to partial renal ischemia with subse
quent secondary hypertension or renal insuffi
ciency. 

b) Occlusive arterial disease may lead to total 
occlusion of the superior mesenteric artery, mak
ing reinsertion of the inferior mesenteric artery 
mandatory. This is done by performing a Riolan 
anastomosis to secure adequate blood supply to 
the small intestine (see p. 591). 

c) The common hepatic artery may arise directly 
from the abdominal aorta. It must be reanasto
mosed to the graft (for other variations see p. 17). 

D. Postoperative Treatment 
and Complications 

The magnitude of these surgical procedures ne
cessitates continuous monitoring (blood pressure, 
EeG, blood gas analyses) in an intensive care unit. 
A chest X-ray must be taken immediately follow
ing the operation to verify proper ventilation of 
all pulmonary segments. Intensive respiratory ad
junct therapy with higher ventilation pressures 
should be administered in case of atelactasis. These 
measures are even more important than the ad
ministration of antibiotics to prevent dangerous 
pneumonia in mechanically ventilated patients fol
lowing surgery. 

Thrombosis of the aortic graft is rare because 
of the high flow velocities. However, advanced ar
teriosclerosis may lead to thrombosis in some 
cases. Low dose heparinization (300 units/h) is rec
ommended. Fluid intake and output should be 
managed carefully and calculated every 6 h for 
quick detection of possible disorders of renal func
tion. Polyuria may be a consequence of very long 
clamping times. It may last for 1-2 days, and renal 
function may then normalize. Regular laboratory 
controls of electrolytes and measurements of cen
tral venous pressure and pulmonary capillary 
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wedge pressure (by Swan-Ganz catheter) are nec
essary. Polyuria may, however, end in oliguria 
which must be treated by hemofiltration or hemo
dialysis (danger of hyperhydration). One should 
rule out thrombotic occlusion of the renal artery 
by angiography (digital subtraction angiography) 
or renal scan. 

Functional disorders of the liver may also occur 
following long clamping times, especially if the pa
tient has a history of liver disease. One of the cardi
nal symptoms is jaundice (which may also be a 
result of massive blood transfusions). The serum 
values of the specific liver enzymes increase, cho
linesterase decreases. Clotting disorders develop, 
making specific substitution of factors necessary. 
Liver function is further impaired by hypoxia 
which may occur, e.g., during weaning from me
chanical ventilation. 

Postoperative function of the intestine is 
especially difficult to evaluate. Functional impair
ment often remains undetected due to sedation of 
the patient during mechanical ventilation. Evi
dence of intestinal ischemia is hyperperistalsis fol
lowed by ileus. These findings should be evaluated 
by angiography. If there is uncertainty about the 
adequacy of intestinal perfusion intraoperatively, 
a second-look operation must be performed within 
48 h. Important complications needing special at
tention are: myocardial infarction, postoperative 
hemorrhage, prosthetic infection (rare), and spinal 
cord paralysis. Paralysis is a very serious complica
tion, which has different rates of occurrence fol
lowing aortic reconstruction [3]. The patient must 
be informed preoperatively about both partial and 
complete forms of this complication. 

Thoracoabdominal replacement is one of the 
greatest challenges in reconstructive vascular sur
gery. Large series show a mortality of 7% and 
an incidence of paraplegia of 2 %. Correct patient 
selection coupled with broad experience in surgical 
management and postoperative treatment of these 
aneurysms are the main factors On which success 
is based. Considering how extensive these recon
structive procedures are, the results are good (for 
further reading on surgery of the ascending aorta 
and aortic arch see Vol VI/2, Manual of Cardio
vascular Surgery). 
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A. Anatomy and General Remarks 

The thoracic aorta is divided into three segments 
I-III. This topographic classification is important 
for surgical strategy and technique since the meth
od of reconstruction used depends on the diseased 
aortic segment. Lesions of the ascending aorta (seg
ment I) can only rarely be repaired without heart
lung bypass, e.g., in saccular aneuryms or traumat
ic aneurysms which may be resected by simple tan-

gential clamping. They are discussed in the" Man
ual of Cardiovascular Surgery" (vol. VI/2, 
p. 575 ff.). The diseases of the aortic arch (segment 
II) are treated by orthotopic aortic arch replace
ment in hypothermic circulatory arrest by use of 
the heart - lung machine [3, 4, 14]. Localized le
sions of the distal portion of the aortic arch may 
be repaired without the help of the heart - lung 
machine, using certain modified bypass techniques 
[9, 17] (Fig. 15.6.3). A prerequisite is an un
diseased aortic segment at least 5 em long above 
the aortic valve which can be partially clamped. 
Segment III, the descending aorta, includes the ori
gin of the left subclavian artery. This whole seg
ment can be clamped distally and proximally with
out critical impairment of cerebral blood flow. 

The topography of the aortic arch, with its tran
sition into Segment III, is of great practical impor
tance when clamping of the aorta is necessary 
(Fig. 15.6.1 d, e). The ascending aorta arises next 
to the right dorsal aspect of the pulmonary artery. 
The segment below the origin of the brachioce
phalic artery lies within the pericardial sac. The 
nrst few centimeters above the valve ring are 
covered on the right by the right auricle and on 
the left by a bulge consisting of muscle and epicar
dial fat tissue and by the pulmonary artery, which 
can be dissected free down to the level of the ori
fices of the coronary arteries. In its upward course, 
the ascending aorta runs somewhat toward the 
front and slightly to the right. The arch begins 
just proximal to the cone-shaped take-off of the 
innominate artery and curves across to the left 
and somewhat backwards. The convexity of the 
ascending aorta lies for the most part within the 
pericardium. It is better exposed by lifting the aor
ta off the superior vena cava and reflecting it to
ward the left (Fig. 15.6.3a). This is facilitated by 
passing a tape around this unvascularized segment 
after blunt tunneling beneath it. After separation, 
the ascending aorta may also be partially clamped. 
Arising from the aortic arch, which runs almost 
horizontally in a front right to posterior left direc-
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non, are its three branches, which can be exposed 
within the soft tissue of the mediastinum by blunt 
dissection. The concave surface of the aortic arch 
sits on top of the right main branch of the pulmo
nary artery. The pericardium covers the root of 
the pulmonary artery and of the ascending aorta. 
A recess is formed at the pericardial fold between 
the pulmonary artery and the aorta beneath the 
convexity of the aortic arch. Aneurysms of the 
descending aorta or of the distal arch may pene
trate into this recess. If the recess cannot be held 
aside when slipping beneath the aortic arch with 
a curved forceps, the pericardium must be opened 
at that site, and the back wall of the recess must 
be penetrated to allow dissection around the aortic 
arch proximal to the left subclavian artery 
(Fig. 15.6.1 e). The left tracheobronchial angle lies 
dorsally and to the right of the branching pulmo
nary artery, close to the proximal portion of the 
aortic arch at the origin of the innominate artery. 

The soft esophagus lies next to the aortic arch 
to the right of the left subclavian artery. The tho
racic duct ascends between the esophagus and the 
aorta, following the subclavian artery from right 
to left. The adventitia of the dorsal left curved 
portion of the descending aorta at the origin of 
the subclavian artery has fibrous connections to 
the prevertebral fascia. These fibers must be tran
sected close to the aortic wall at the angle between 
the subclavian artery and the aorta, which faces 
the left shoulder (Fig. 15.6.1 d, e). Blunt dissection 
may then be performed close to the aortic wall, 
giving access to the dorsal and right side of the 
aortic arch. The thoracic duct, esophagus, and tra
chea may be retracted. A curved clamp or a finger 
is inserted under the concavity of the arch from 
the ventral side and proximal to the ligamentum 
arteriosum into the pericardial recess (Fig. 
15.6.1 e). Dissection is continued in this manner 
until there is a free connection between the ventral 
and dorsal sides of the aortic arch. Larger arterial 
branches do not arise from the concavity or dorsal 
side of the aortic arch. 

The bronchial arteries arise from the descend
ing aorta distal to the ligamentum arteriosum. The 
branches supplying the left main bronchus and the 
bifurcation branch off ventrally, and the right 
main bronchus is supplied by vessels coming from 
the subclavian artery. The first two left intercostal 
arteries arise from the costocervical trunk, which 
has its origin at the left subclavian artery. The 
third intercostal artery branches off some distance 
away from the origin of the subclavian artery. It 
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runs diagonally in an upward lateral direction, to
gether with the other intercostal arteries, since the 
aorta does not keep up with the growth of the 
vertebral segments during its embryonic develop
ment [9]. 

As they branch off from the descending aorta, 
the intercostal arteries take a more horizontal 
course. Care must be taken to preserve those 
branches which are important for adequate blood 
flow to the vascular network which supplies the 
spinal artery and shows great variation from indi
vidual to individual (see p. 312). A large vein cross
es the proximal convexity of the descending aorta 
from the left side parallel to the arch and connects 
the ascending hemiazygos vein to the cava system 
(see p. 16). This branch must be divided and ligat
ed during dissection of the aorta lateral to the left 
vagus nerve. The respective positions of the left 
vagus nerve, the recurrent nerve, and the phrenic 
nerve are of great importance when dissecting on 
the left side of the aortic arch. The phrenic nerve 
lies ventrally in front of the pulmonary hilus. It 
is usually found just beneath the pleura. The vagus 
nerve curves in a dorsal direction around the aortic 
arch. It lies dorsolateral to the top portion of the 
pleura and follows the right anterior margin of 
the subclavian artery at a deeper level (Fig. 
16.5.1 d). Mter the recurrent nerve arises from the 
vagus nerve, often cranial to the pulmonary hilus, 
the vagus nerve runs dorsal to the hilum and may 
be easily identified by lifting the hilus. Its recurrent 
branch curves around the aorta distal to the liga
mentum arteriosum. It can be injured during 
clamping of the aorta in this region. The patient 
should be informed of this possible complication if 
elective surgery is planned. 

Surgical strategy depends not only on the topo
graphic extent of the aneurysm, but also on its 
form. One should differentiate between a saccular 
aneurysm strictly localized to a certain side and 
a fusiform aneurysm which is usually more exten
sive. The saccular type has an especially high risk 
of rupture. It can, however, be repaired more easi
ly by partial tangential clamping of the aorta or 
by bypass grafting if it is located at the aortic 
arch. In surgery for afusiform aneurysm, complete 
cross-clamping distally and proximally is necessary 
for repair of the aortic segment. 

The etiology of these aneurysms is also of great 
practical significance. Traumatic and dissecting 
aneurysms are special. The traumatic aneurysm is 
caused by a localized destruction of the aortic wall 
(false aneurysm I), owing to a transverse tear just 
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beneath or a few centimeters distal to the origin 
of the left subclavian artery. The other aortic seg
ments remain unharmed. Patients usually have no 
symptoms of concomitant arteriosclerotic disease 
[19]. A dissecting aneurysm (see p. 349) results 
from an acute aortic dissection (primary hemor
rhage into the media) leading to dilatation of the 
remaining mural layers. The dilation may be lim
ited to local aortic segments. The dissection, how
ever, may extend beyond this. During the acute 
stage of dissection, rupture of the outer wall layer 
may occur, causing exsanguination. This may hap
pen even before prominent aneurysmal dilatation 
has developed. The chronic dissecting aneurysm 
behaves like the fusiform type, e.g., an arterioscle
rotic aneurysm. The extension of chronic dissec
tion often remains undiscovered until surgery. It 
may extend to remote regions of the aorta, and 
repair may be technically very difficult. 

B. Indications for Reconstructive 
Procedures 

The decision whether to perform surgery for re
construction of a thoracic aortal aneurysm must 
be made in a timely manner in order to avoid 
serious complications such as rupture or compres
sion of adjacent structures. Thromboembolic com
plications are less important in thoracic aneu
rysms. This fact is probably due to the high flow 
rate in the aorta. The danger of possible complica
tions must always be weighed against the surgical 
risk. The surgeon's decision mainly depends on 
the clinical stage (asymptomatic/symptomatic; 
penetrating/contained/perforated), the form of the 
aneurysm, and the etiology. 

Saccular aneurysms have an especially high risk 
of rupture. Fusiform arteriosclerotic aneurysms 
are often seen in elderly patients who have other 
risk factors. Therefore, the indication for surgery 
must be considered carefully. As a rule, surgery 
is indicated only when the aneurysm is very large 
(at least twice the diameter of the aorta) or has 
become symptomatic. False traumatic aneurysms 
near the isthmus are always to be corrected, even 
if they are asymptomatic. Wall calcifications in rel
atively small traumatic aneurysms and apparent 
stability in size over a longer observation period 
should not tempt the surgeon to wait [18, 19]. In 
an acute aortic dissection of the descending aorta, 
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we first recommend conservative therapy with 
controlled blood pressure reduction and analge
sics. If pain cannot be relieved and new clinical 
or radiologic signs of expansion or penetration de
velop (chest X-ray, pleural effusion, CT scan), sur
gery should be performed following exclusion of 
contraindications [17]. Here, computed tomogra
phy using a contrast medium has proven especially 
valuable as a diagnostic tool; it allows accurate 
assessment of the enlargement and the extent of 
penetration. 

In acute dissection of the thoracic aorta (see 
p. 351) ischemia of the visceral organs and extrem
ities may develop, owing to obstruction of the true 
aortic lumen and its arterial branches. In certain 
circumstances surgery may be urgently indicated; 
but it is sometimes difficult to decide which meth
od of reconstruction is best: replacement of the 
thoracic aorta with a prosthesis, establishing a 
connection between the true and the false lumen 
at the distal anastomosis, or a fenestration in the 
abdominal portion of the aorta for the purpose 
of perfusing both lumina. Abdominal fenestration 
usually cannot prevent rupture. This operation has 
therefore become less favored during the last few 
years. The asymptomatic dissecting aneurysm is 
treated like an arteriosclerotic aneurym and should 
be operated on only if rupture is imminent (size) 
or symptoms (compression) develop (see p. 351). 

Traumatic ruptures of the aorta are usually 
found in the descending aorta at the isthmus, a 
few centimeters distal to the origin of the left sub
clavian artery and just below the ligamentum ar
teriosum (typical location). A high percentage of 
those patients who experience rare ruptures of the 
ascending aorta or of the aortic arch die at the 
scene of the accident and are therefore not encoun
tered in everyday routine trauma management. 
The transverse rupture of all mural layers pro
duces a pulsating hematoma. If this condition per
sists for more than 6 weeks, the lesion is called 
by definition a traumatic aneurysm. 

Once traumatic rupture of the aorta has been 
confirmed, aortic reconstruction is urgently indi
cated. Fatal rupture into a neighboring hollow or
gan (pleura, lung, bronchus, esophagus) may hap
pen at any time, even if the patient's condition 
seems to have stabilized. Signs and symptoms, 
such as a wide mediastinum, hypertension in the 
upper limb, and a pressure gradient between the 
upper and lower extremity, both known as the 
pseudocoarctation syndrome, must be confirmed 
by accurate diagnostic methods that have to locate 
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the rupture exactly. In severely traumatized pa
tients with multiple injuries the following priorities 
of surgical treatment must be considered. Treat
ment of abdominal and cerebral injuries has prior
ity over reconstruction of the thoracic aorta. Limb 
injuries may also have priority if vascular trauma 
with severe hemorrhage or imminent irreversible 
ischemia is present. The ultimate risk of surgical 
treatment of a fresh aortic rupture is mainly deter
mined by the severity of concomitant injuries (ab
dominal and cerebral) [18]. 

The main risk factor in any procedure done 
on the descending aorta is beyond doubt coronary 
heart disease. If there is any evidence of this dis
ease, exact preoperative diagnostic confirmation 
should be obtained, even if it is necessary to em
ploy coronary angiography. A decision on the ne
cessity of myocardial revascularization must be 
reached prior to reconstruction of the descending 
aorta as the latter operation sometimes causes con
siderable strain on the left ventricle. Coronary by
pass operations and reconstructions of the de
scending aorta cannot be performed in one session 
since the surgical approach differs in each proce
dure. Sometimes, symptomatic aneurysms of the 
descending aorta that are in great danger of perfo
ration must be repaired before myocardial revas
cularization can be performed. Cardiopulmonary 
bypass during coronary surgery otherwise can lead 
to perforation of such aneurysms (heparinization, 
retrograde perfusion). 

Hemodynamically effective stenoses (Doppler 
ultrasonography) of the cerebral arteries should 
be diagnosed and corrected prior to the operation 
on an aneurysm. Aortic surgery often leads to con
siderable fluctuations in blood pressure during ma
nipulation of the aorta. 

c. Positioning 

For the left thoracotomy the patient should be 
in the right lateral position (Fig. 15.6.1 a-c). The 
pelvis is supported posteriorly and a padded belt 
is tightened around the left hip. In this position, 
however, neither the femoral nor the iliac artery 
can be exposed for possible cannulation. If neces
sary, a different position, such as that for the tho
racoabdominal approach must be chosen (see 
p. 314). The left arm is loosely attached to an arm 
support (Fig. 15.6.1 a, b). If it is placed too high, 
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the elevated left shoulder blade might be in the 
way. Changing the position of the operating table 
can lead to overstretching of the muscles or nerves 
at the shoulder. A small pad is put under the right 
armpit to prevent compression injuries of the right 
arm plexus. Another support should be placed be
hind the neck for better stabilization and to ease 
tension on the left arm. This is especially recom
mended if the entire table is rotated to the left. 

D. Surgical Approach 

The entire descending aorta and the aortic arch 
are best exposed by a wide thoracotomy in the 
fourth or fifth left interspace (Fig. 15.6.1 c). The 
skin incision is directed around the caudal margin 
of the shoulder blade (Fig. 15.6.1 a). A short in
dentation of the latissimus dorsi is performed in 
its caudal portion, and the serratus anterior is di
vided as far caudally as possible in order not to 
impair vascular and nerve supply from above. The 
intercostal muscles are divided electrically at the 
upper margin of the rib. To obtain better exposure, 
both ribs, which are spread apart, can be divided 
dorsally with rib cutters. If necessary, the lower 
rib may be divided ventrally at the junction be
tween bone and cartilage. Step-by-step expansion 
of the rib spreader permits good exposure of the 
entire thoracic aorta. 

For even better visualization of the aorta from 
the left side, the left lung is cut off from mechanical 
ventilation and is allowed to become atelectatic. 
To accomplish this, the patient must be intubated 
with a double-lumen endotracheal tube prior to 
surgery. This method of ventilation does not lead 
to a drop in pOz below the critical level which 
may result from a shunt in the unventilated lung. 
Should this condition occur, however, the main 
stem of the pulmonary artery may be temporarily 
occluded with a straight vascular clamp or a bull
dog clamp. 

For better exposure of the aortic arch and the 
descending aorta, a lateral thoracotomy can be 
extended by means of an upper sternotomy. To 
perform a modified bypass procedure, it often suf
fices to clamp the intrapericardially exposed as
cending aorta tangentially. A lateral thoracotomy 
usually allows sufficient exposure for this maneu
ver as the ascending aorta, curving upward, can 
be pulled toward the left into the clamp (see 
Fig. 15.6.3a). 
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LeU subclavian a 

Fig. 15.6.1a-i!. Position and anatomy during repair of 
an aortic aneurysm located in segment III. a-e Patient 
positioned on the right side. d-i! Anatomy of an aneu-

rysm located in segment III (typical location). Because 
the aneurysm lies close to the left subclavian artery, the 
aorta is dissected free within the segment of the arch 
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E. Surgical Procedures 

I. Exposure of an Aneurysm 
of the Descending Aorta 

The lung is wrapped in a moist towel and reflected 
downward and to the right without compressing 
the heart. Exposure of the aorta distal to the an
eurysm is usually easy and is therefore done first. 
Following longitudinal incision of the mediastinal 
pleura, the aorta is dissected free by blunt circum
ferential dissection, and tapes are passed around 
it. The intercostal arteries are identified and tem
porarily occluded by tourniquets consisting of 
thick, soaked catgut. Permanent occlusion is 
achieved by using clips. Both maneuvers are neces
sary to prevent strong hemorrhage from the tribu
taries following division of the aneurysm 
(Fig. 15.6.2a-d). Dissection at the distal portion 
of the aortic arch proximal to the aneurysm is 
then begun. This part of the operation may lead 
to dangerous complications. After passing tapes 
around the phrenic nerve and the left subclavian 
artery, the mediastinal pleura is incised above the 
upper portion of the descending aorta. The com
municating branch of the azygos vein is clamped 
and divided. While staying close to the lung hilum, 
the aortic arch is approached from below. This 
exposes the ligamentum arteriosum and the vagus 
nerve, which lies a little caudad and dorsal to the 
ligament. The ligamentum arteriosum is carefully 
transected. Both ends can be sutured. The concave 
margin of the aortic arch is reached from below, 
while holding the pericardial recess away from the 
arch. If this is impossible, owing to penetration 
of the pericardial recess by the aneurysmal sac, 
the pericardium is opened at the recess and perfo
rated further proximally between the aortic arch 
and the pulmonary artery (Fig. 15.6.1 e). Then dis
section is continued, starting at the angle distal 
to the origin of the subclavian artery and keeping 
close to the aQrtic wall, or one may begin above, 
between the subclavian artery and the left common 
carotid artery, and proceed downward and to the 
right until free passage is possible beneath the aor
tic arch in a proximal direction (Fig. 15.6.1 e). No 
arterial branches arise in this area. A tape is passed 
beneath the aortic arch, between the left common 
carotid artery and the subclavian artery, and then 
a second tape is placed around the aortic arch 
distal to the left subclavian artery at the angle be
tween the subclavian artery and the descending 
aorta. If a lusorial artery exists distal to the left 
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subclavian artery, it is dissected free, and a tape 
is passed around it. It can then be easily occluded 
with a vascular clamp. 

The same technique of dissection is used with 
traumatic ruptures of the descending aorta (typical 
location). The mediastinal pleura covering the aor
tic defect is left intact as long as possible. Exact 
identification of the defect is sometimes difficult 
owing to the large hematoma along the entire aor
tic wall. 

After a short segment of the distal descending 
aorta has been exposed, so that cross-clamping 
is possible at any time, a tape should be passed 
around the left subclavian artery, which can be 
identified at the uppermost margin of the pleura. 
From there, the aortic arch is exposed proximally 
and a tape is also passed around it, as described 
earlier. This permits clamping in case of free rup
ture of a pulsating hematoma. 

II. Clamping of the Aorta and Opening 
of the Aneurysm 

The tapes passed around the aortic arch make 
clamping of the aorta easier to accomplish. Clamp
ing may, however, be performed in an emergency 
without passing tapes around the arch. Strong 
clamps should be used proximally since high pres
sures may develop following occlusion. The 
branches of a clamp may be forced apart by the 
increased pressure. This may be prevented by ap
plying a second clamp with the same shape as the 
first one. Clamping should be performed slowly 
to give the anesthesiologist time to compensate an 
excessive rise in blood pressure with appropriate 
vasodilators (see p. 199) [8]. The proximal clamp 
should be applied distal to the left subclavian ar
tery. If this is not possible, the aortic arch can 
be clamped temporarily. The clamp should then 
be repositioned distal to the left subclavian artery 
as soon as possible, thus restoring perfusion to 
the collaterals arising from the left subclavian ar
tery. The use of a clamp with only a slight curva
ture (Fig. 15.6.2a, e, g) does not afford the best 
view of the back wall of the proximal aortic stump, 
and, as a result, a wedge-shaped "gusset" may 
be created there (Fig. 15.6.2g). A right-angled vas
cular clamp facilitates transverse occlusion and af
fords better visibility, but it is also more difficult 
to place. A longitudinal incision is made in the 
midline of the aneurysm. Material found inside 
is sucked out, and the internal aneurysmal wall 
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surface is inspected. The aortotomy may be kept 
small at first in order to evaluate the internal mural 
surface and to save parts of the wall that could 
be used for reconstruction (Fig. 15.6.2e). This is 
especially important in traumatic aneurysms with 
transverse tears in which the remaining aortic 
stumps have not been separated too far. The open
ing is then enlarged under direct vision (Fig. 
15.6.2e). Back bleeding from intercostal arteries 
is controlled by transluminal sutures of 3-0 Mersi-
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Fig. 15.6.2a-h. Exposure and opening of the aneurysm. 
a Proximal and distal clamping; mobilization of the an
eurysm exposes the origin of the intercostal arteries. b
d Occlusion of an intercostal artery with a clip, ligature, 
and tape. e Evacuation of material from within the aneu
rysm; both wings of the incision are depicted. f Control 
of back-bleeding from an intercostal artery by trans
luminal transfixion suture. g Opened aneurysm prior to 
interposition of a prosthesis. h Proximal clamping with 
a transversely applied right-angled aortic clamp: the 
clamp is harder to put in place; the view of the back 
wall of the aorta is better 

lene (Fig. 15.6.2t). Blood loss from intercostal ar
teries during division of large aneurysms may be 
reduced by identifying these arteries as they run 
toward the left side of the aortic wall and ligating 
them at their origins (Fig. 15.6.2 b, c, d). One can 
also place an additional clamp over the aneurysm. 
The clamp is then moved step-by-step to a more 
distal portion of the aneurysmal sac following su
ture of the intercostal orifices along the proximal 
back wall of the aneurysm. The intercostal arteries, 
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Fig. lS.6.3a-f. Atypical surgical technique in an aneu
rysm extending far upward. a A prosthetic bypass graft 
is constructed from the ascending aorta to the descend
ing aorta before the aortic arch is occluded. The portion 
of the ascending aorta lying intrapericardially is slightly 
lifted forward by a finger inserted behind it and manipu
lated in between the branches of the clamp. b Situation 
after construction of the ascending-descending bypass; 
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the connection of the left subclavian artery to the graft 
has been constructed beforehand. c Double, firmly an
chored suture of the proximal aortic stump, the anasto
mosis secured by mattress sutures reinforced with Teflon 
pledgets. d Situation following resection of the aneurysm 
and revascularization of the left subclavian artery. e To
tal ligation of the subclavian artery is a poor alternative. 
f End-to-end suture of the distal anastomosis is possible 
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which are located deeper, can then also be sutured. 
Semicircular inicisions are made at the proximal 
and distal margin of the aortotomy. This produces 
two aortic stumps which can be anastomosed to 
both ends of the graft. Enough wall must be left 
behind to ensure adequate anchorage and tight
ness of the suture line (Fig. 15.6.2 g). 

In traumatic rupture of the aorta, the pUlsating 
hematoma should be evacuated through a small 
stab incision in the adventitia following clamping 
of the aorta. Dissection of surrounding mediastin
al and adventitial tissue should be the minimum 
necessary to achieve adequate exposure of the torn 
edges of the aortic wall without inflicting any 
further disputive damage. In this way, the margins 
of the tear are carefully preserved for possible di
rect suture. 

F. Intraoperative Measures 

Clamping the thoracic aorta only a short distance 
away from the heart produces strain on the left 
ventricle and can lead to cardiac failure or to isch
emia of the lower half of the body. Renal failure 
is usually reversible. However, serious spinal cord 
ischemia occurs in 3%-6% regardless of the meth
ods of protection employed (see p. 361) [2, 5, 6, 
8,10,11,15,17]. 

I. Simple Clamping 

In simple clamping of the thoracic aorta, easily 
controllable vasodilators are administered to 
counteract an excessive rise in afterload. Sodium 
nitroprusside is the best substance for this purpose. 
Blood pressure proximal to the clamp should be 
reduced, keeping it above normal values since col
lateral blood flow passively follows the pressure 
gradient existing between the proximal and distal 
portions of the body. Hypovolemia must be 
avoided, though it is difficult to detect during ad
ministration of vasodilators. It leads to a reduction 
in cardiac output, resulting in inadequate perfu
sion of organs lying distal to the clamp. Cardiac 
performance is best monitored by a balloon
tipped, flow-directed pulmonary artery catheter 
with registration of left ventricular filling pressure 
and cardiac output. With optimal anesthesia and 
volume input, the cardiac output will even increase 
during the clamping phase [18]. 
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Regional and systemic heparinization is usually 
not necessary. Nitroglycerin can lead to a reduc
tion of cardiac output since the doses needed to 
lower blood pressure are so high that they also 
lead to a reduction in preload. Administration of 
the vasodilator must be started a few minutes be
fore clamping and stopped at the right time prior 
to declamping [18]. 

IT. Temporary External Shunt 
(Fig. 15.6.4 and 15.6.5) 

A frequent alternative to simple clamping is the 
use of a temporary external shunt made of hepa
rin-covered tubing [11]. Cannulation is performed 
proximal to the designated clamping site on the 
ascending aorta or aortic arch, distal descending 
aorta, iliac artery, or femoral artery. A two-row 
purse-string suture is constructed at the aorta by 
superficial, tangential sewing, using 2-0 woven 
Mersilene suture and an atraumatic needle. Each 
suture is pulled through a rubber tube (tourni
quet). An appropriately large longitudinal stab in
cision is made in the center of the purse string 
sutures and held by finger pressure while a cannula 
is quickly inserted. The tourniquet is pulled tight 
and held in position with a clamp (Fig. 15.6.4c). 
The cannula is tied to the tourniquet with one 
or two ligatures (Fig. 15.6.4a). The tube is vented 
through a side arm (Fig. 15.6.4a). Systemic hepa
rinization is not necessary. Distal cannulation of 
the aorta is performed in the same manner or ret
rograde via the iliac artery or femoral artery. To 
remove the cannula (Fig. 15.6.4d-f), the aortic 
wall and the cannula are grasped with a curved 
vascular clamp. Mter quick removal of the cannu
la, the clamp is closed gently to avoid intimal tears 
or plaque dislodgement. A second clamp with the 
same curvature should be held in reserve and, if 
necessary, used to obtain more surface area for 
closure of the small aortotomy, which is done by 
continuous over-and-over suture with monofila
ment 3-0 or 4-0 polypropylene suture material. 
The suture line may be constructed in two rows, 
going back and forth. An alternative, which is not 
safe, however, is to close the arteriotomy by pull
ing the purse string sutures tight and oversewing 
the incision with a monofilament suture. 



340 

d 

Fig. 15.6.4 a-f. Construction of a temporary external 
shunt. a Shunt inserted and aorta clamped. b Two-row 
purse-string suture. c Tourniquets prevent leakage after 
introduction of the shunt. d Decannulation of the aorta. 
e If the first clamp slips a little, a second one can be 
placed beneath it. f Closure of the arteriotomy with a 
continuous suture 
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ill. Temporary Internal Shunt 

If an internal shunt of large caliber is used, the 
vascular prosthesis must be slipped over the can
nula. The application of this method is rarely re
ported. It is a very difficult shunt technique and 
may lead to embolization near the branches of 
the aortic arch. Furthermore, the cannula is in the 
way during construction of the anastomoses. We 
have not found any advantages in the use of an 
internal shunt and therefore cannot recommend it. 
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Fig. 15.6.5. A possible alternative: a temporary external 
shunt from the left subclavian artery to the descending 
aorta 

IV. Left Heart Bypass 

A bypass extending from the left atrium to the 
femoral artery was once the most commonly used 
method of protection (see" Manual of Cardiovas
cular Surgery"). An oxygenator positioned in be
tween is not necessary. The patient must be hepa
rinized, and this has several disadvantages (higher 
rate of bleeding complications, hemorrhage into the 
lung). The flow rate should be kept at 1-2 l/min. 
Correct regulation of flow and adaptation to the 
momentary hemodynamic situation of the patient 
frequently causes difficulties, even for experienced 
cardiotechnicians ; this is especially true when dis
turbances of cardiac performance are present [9]. 
Other types of bypass procedure are also applied 
successfully, e.g., femorofemoral bypass with or 
without an oxygenator; however, these procedures 
will not be discussed here. 

Pressure registration in the femoral artery or 
the evaluation of somatosensory cortical-evoked 
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potentials as a parameter for the functional state 
of the spinal cord have been used to monitor and 
maintain adequate blood flow to the clamping site. 
These procedures have not established themselves 
as routine in clinical practice and therefore cannot 
be recommended [2, 5, 10, 15]. 

Alongside measures employed to guarantee ad
equate spinal cord perfusion, proven methods for 
saving donor blood, both in elective and emergen
cy surgery, deserve to be mentioned : 

(a) In younger patients without cardiac disease 
(traumatic aneurysm, aortic rupture), isovolemic 
hemodilution is possible. An experienced anesthesi
ologist will perform isovolemic hemodilution, 
especially in emergency situations, until units of 
whole blood (warm, fresh blood) arrive. Blood 
units are not taken preoperatively. Blood losses 
are substituted with up to 1000 ml dextran or hy
droxyethyl starch. Afterward, a surplus of albumin 
and crystalloid solutions are infused. Improvement 
of microcirculation also intensifies collateral circu
lation beyond the clamping site. 

(b) Constant suction in the operative field re
moves even clotted blood and transports it to a 
prepared reservoir, where the blood is recycled in 
the cell saver to yield high-grade washed erythro
cyte concentrates ; 80% of all erythrocytes may 
be returned to the body. Clotting factors must be 
given separately. 

Use of the cell saver is generally recommended, 
sometimes even in combination with hemodilu
tion. One must always keep within the required 
limits (coronary reserve). No systemic hepariniza
tion is necessary while using the cell saver. 

While performing left heart bypass or other 
forms of pump bypass requiring heparinization, 
extravasated blood can be transported to a reser
voir by separate suction pumps and then returned 
to the circulatory system. 

We no longer use the Bentley pump. Disadvan
tages are the necessity of full systemic hepariniza
tion and the poor quality of retransfused blood. 

G. Reconstructive Techniques 

I. Direct Suture 

Direct suture of the thoracic aorta is possible fol
lowing resection of a saccular aneurysm only if 
the aorta can be clamped tangentially with an ap-
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propriately shaped clamp. The wide margin at the 
base of the aneurysm should be preserved for firm 
anchorage of the broad continuous suture. 3-0 
monofilament polypropylene is preferred for a 
double continuous over-and-over suture (Fig. 
15.6.4f; oversewing of the aortic cannulation site). 
Direct suture is also possible in traumatic rupture 
of the aorta even if several days have intervened 
(Fig. 15.6.6d and 15.6.9). Only seldom can it be 
performed in a traumatic aneurysm [18]. 

Direct suture is easier if the aorta has not been 
disrupted over its entire circumference and the 
torn edges are therefore not too far apart. If the 
torn edges are difficult to visualize, one should 
not hesitate to convert a partial rupture into a 
complete circumferential rupture by a snip of the 
scissors (Fig. 15.6.9a). Total transection permits a 
clear view during suture. But here, the assistant 
performs a very crucial maneuver: the two aortal 
stumps, which tend to retract because of their elas
ticity, must be precisely approximated to one an
other and thus held in place until the first stitches 
of the back wall have been placed. 3-0, or in 
younger patients 4-0 polypropylene suture materi
al is used for continuous over-and-over suture of 
the defect, which should catch as much of the sur
rounding adventitial tissue as possible. If these 
smooth double-needle sutures are used, no initial 
knot must be tied. The margins of the back wall 
are sewn first with an over-and-over suture on the 
inside and then adapted by gently pulling on the 
elastic suture (Fig. 15.6.9b-d). The entire suture 
line has only one knot which must be tied five 
to seven times because of the smoothness of the 
suture (Fig. 15.6.ge). Before completing the last 
stiches, retrograde and anterograde flow must be 

W.-J. STELTER and G. HEBERER 

checked, as always (flush). Venting of the suture 
area is not necessary. Thrombosis is unlikely. 

II. Oosure with a Prosthetic Patch (Fig. 15.6.6) 

If a partial mural defect of the aorta remains fol
lowing resection of a saccular aneurysm, and it 
cannot be repaired by direct suture, the defect can 
be closed with a tailored patch of knitted Dacron 
velour material. Only saccular aneurysms with a 
relatively narrow base or traumatic aneurysms 
with smaller partial circumferential wall tears are 
repaired in such a way (Fig. 15.6.6a). To obtain 
a better view of the defect which is too large for 
direct suture, clamping proximal and distal to the 
aneurysm is necessary. To prevent leakage and to 
anchor the patch firmly, its margin should be 
pulled into the lumen so that it tightly caps off 
the hole from the inside. The aortic wall bulges 
over the border of the patch, of which only small 
bites are taken during each stitch (Fig. 15.6.6b, 
c). We prefer woven 3-0 Dacron sutures in Dacron 
prostheses; the sutures guarantee permanent and 
firm anchorage since they are incorporated into 
the surrounding tissues. Before completing the su
ture, retrograde and anterograde flow are checked 
(flush). Venting of the area is not necessary; 
thrombosis is unlikely. 

Fig. 15.6.6a-d. Reconstruction of the aorta following 
rupture in segment III (typical location). a Exposure of 
the defect. b Suture of the Dacron patch. c Situation 
following closure with a Dacron patch. d A fresh rupture 
can also be repaired by direct suture of the aortic wall 
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m. Interposition of a Prosthesis (Fig. 15.6.7) 

The most common method of reconstruction In 

fusiform aortic aneurysms is interposition of a 
prosthesis. A woven Dacron graft is recommended 
in elderly patients (arteriosclerotic aneurysms) or 
poor risk patients (aneurysmal rupture, imminent 
clotting defect). This prosthesis is leak proof from 
the beginning. The late results are just as good 
as in porous knitted or knitted velour prostheses 
since there is always a high flow rate through the 
graft. We prefer Dacron velour only in younger 
patients (traumatic aneurysm, aortic rupture) as 
it quickly becomes impermeable at high flow rates. 
The caliber of the prosthesis should not be too 
large, so that it may be slightly pulled into the 
intact aortic stumps telescopically during suture 
(Fig. 15.6.7c). 

After division of the aneurysmal sac and semi
circular transverse incision at both aortic stumps, 
the sac is tailored. Enough wall material must be 
left to allow the edges of the aortic stumps to be 
pulled over the margins of the prosthesis by tight
ening the carefully placed sutures. The bulging 
aortic margins thus produced seal the anastomosis 
and guarantee safer anchorage of the prosthesis 
(Fig. 15.6.7a, b). In traumatic aneurysms with to
tal circumferential disruption of the aorta, both 
stumps often retract and recoil into the aneurys-
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Fig. 15.6.7 a-e. Interposition of a tube prosthesis. 
a Proximal end-to-end anastomosis using a double nee
dle. b For secure suture of the aortic back wall the distal 
end of the prosthesis may be elevated. c Interposed tube 
prosthesis; the lateral walls are partially resected and 
continuously sutured over the prosthesis. d If the rup
tured margins are retracted, the orifices are enlarged by 
longitudinal incision of the anterior wall. e Suture of 
the graft 
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mal sac. To avoid stenosis at the suture line, and 
to achieve a better view and more space for the 
telescopic anastomosis, it is advisable to incise the 
anterior wall of the stumps, spread them apart, 
and sew the aortic margins over the prosthesis 
(which can be slightly beveled at its edges) 
(Fig. 15.6.7 d, e). After completing the anastomo
sis, the prosthesis is clamped, and the suture line 
is checked for leakage by briefly opening the distal 
aortic clamp. Especially the back wall of the anas
tomosis must be examined since it is not accessible 
later on. If an aneurysm begins just below the sub
clavian artery and the aorta is clamped just distal 
to this artery, sometimes only a very narrow aortic 
margin is available for suturing. Since the suture 
is supposed to catch large bites of the aortic wall, 
the clamp must in this case be placed proximal 
to the subclavian artery while the upper anastomo
sis is being sutured (Figs. 15.6.1 e and 15.6.3 b). 
The subclavian artery must be clamped separately. 
After completing the proximal anastomosis, the 
clamp is repositioned distal to the subclavian ar
tery in order to restore blood flow to this vessel, 
which is important for the perfusion of collaterals 
supplying the lower half of the body. If a lusorial 
artery arises distal to the origin of the left subcla
vian artery, this vessel is often difficult to expose 
and to clamp behind a large aneurysm. Under such 
circumstances, the orifice of the artery can be 
blocked with a balloon catheter (Fogarty catheter) 
following opening of the aneurysmal sac. Back 
bleeding can be prevented while the anastomosis 
just distal to the orifice is being constructed. If 
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necessary, the catheter must be inserted through 
the lumen of the prosthesis. After checking for 
leaks, the aortic clamp is transferred to the pros
thesis, restoring blood flow to the subclavian ar
,tery. While performing the distal anastomosis, the 
intercostal arteries may be spared by placing the 
clamp very obliquely or, even better, by using a 
right-angled aortic clamp, leaving enough of the 
anterior wall exposed, but occluding the back wall 
orifices of these arteries. The beveled prosthesis 
can then be sutured to the opening. A larger por
tion of the well-preserved back wall remains. We 
prefer woven 3-0 Dacron sutures which guarantee 
permanent anchorage by firm incorporation into 
the surrounding tissues. 

IV. Intraluminal Interposition Graft (Fig. 15.6.8) 

To make anastomosis of thoracic aneurysms easi
er, an alternative method has been developed. 
Tapes are passed around the aorta proximal and 
distal to the aneurysm. The aorta is then clamped. 
The aneurysm is opened by a longitudinal incision. 

Fig. lS.6.8a--d. Intraluminal interposition of a prosthe
sis. a Aneurysm located further distally in segment III. 
b The prepared intraluminal prosthesis is introduced; 
tapes have been previously placed around the aorta. 
e The intraluminal prosthesis is placed in the correct po
sition; the tape is tied proximally, sealing off the prosthe
sis; a tape is put in place for distal attachment of the 
prosthesis. d After typing both tapes, the aneurysmal sac 
is closed around the prosthesis 
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A Dacron prosthesis with Dacron-covered rigid 
rings at both ends is put in place. The tapes are 
tied over the rings and tightened around the 
grooves under the rim of these rings. This seals 
the anastomosis completely. The aneurysmal sac 
is then securely sutured over the prosthesis. This 
technique shows good long-term results, but has 
not yet gained overall acceptance. It has many ad
vantages in surgical treatment of acute dissection, 
in which the tissue is very fragile and difficult to 
sew. A disadvantage is that the anastomosis must 
be adapted to the preformed manufactured pros
thesis. This is very difficult in view of the great 
variability in the forms of aneurysms (Fig. 
15.6.8a-c) [1, 2]. 

Successful transfemoral endoluminal implanta
tions of prostheses have been reported recently. 
They closely adapt themselves to the healthy aortic 
wall and securely seal the aneurysmal wall. This 
very interesting procedure has not yet been tested 
on a broad clinical scale. 

v. Bypass Grafting (Fig. 15.6.3) 

If clamping of the aorta and interposition of a 
prosthesis is not possible or too dangerous, a pros
thetic bypass graft may be constructed following 
partial clamping of the healthy proximal and distal 
aorta. An end-to-side anastomosis is performed 
at each end of the graft. The aneurysm is then 
clamped step by step, and a portion of its wall 
is resected. Aortic stumps are oversewn twice, al
ways taking big bites of the aortic wall. Such clo
sure may be reinforced or sealed even tighter by 
mattress sutures under which small prosthetic 
strips are placed to keep the sutures from cutting 
through the aortic tissue at the suture line (Fig. 
15.6.3c, d) [7, 18]. 

Larger arteries, such as the left subclavian ar
tery, may be implanted into the synthetic bypass 
graft via prosthetic interpositions (Fig. 15.6.3d). 
This technique may be modified by constructing 
a distal end-to-end anastomosis (Fig. 15.6.3d, f). 
For example, in a large aneurysm situated just dis
tal to the origin of the left subclavian artery, the 
first step is to anastomose a bypass graft in an 
end-to-side fashion to the ascending aorta using 
a left thoracic approach. The descending aorta is 
clamped just above the diaphragm, divided, and 
an oblique distal anastomosis performed just as 
described on p. 336 (Fig. 15.6.3f). The aneurysm 
is then clamped step by step, starting at its distal 
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end, moving in the direction of the left subclavian 
artery. This maneuver, which obliterates the aorta, 
may be extended even proximal to the left subcla
vian artery, if necessary. The subclavian artery is 
connected via an interposition graft to the aortic 
bypass graft (Fig. 15.6.3e, b). The synthetic pros
thesis recommended for such reconstructions 
should be of woven Dacron and have a diameter 
of 18-22 mm. The suture material usually pre
ferred is 3-0 braided Dacron for the anastomosis 
and 2-0 Dacron for oversewing of the aorta. 

H. Complications 

I. Preoperative Complications 

1. Compression of the Left Main Bronchus 
(and of the Trachea) 

An aortic aneurysm can cause compression of the 
bronchial system with recurrent pneumonia. Surgi
cal intervention to eliminate the aneurysm relieves 
arterial pressure against the bronchial wall and 
with it, in most cases, the cause of the compression. 
The affected wall segment of the bronchial system 
may consolidate. In rare cases, severe chondroma
lacia may necessitate resection of a portion of the 
bronchus. If a peripheral lung segment has been 
destroyed by chronic infection, it should be re
sected. 

2. Perforation of the Aneurysm 

Perforation of an aortic aneurysm is fatal unless 
thrombi temporarily cover the defect and there is 
enough time to prepare the patient for emergency 
surgery. Hemorrhage into the mediastinum, 
pleura, lung, or hollow organs like the trachea, 
left bronchus, or esophagus may occur. In rare 
cases, blood coming from a perforated aneurysm 
in segment III may reach the pericardial recess be
tween the aortic arch and the pulmonary artery 
and produce cardiac tamponade. The cardinal 
symptoms- (hemothorax, hematemesis, hemopty
sis) always dictate further diagnostic evaluation of 
the patient (endoscopy, angiography, CT). The 
bleeding site is not always found during these ex
aminations because the site of hemorrhage may 
be temporarily covered by tissue. Such a finding, 
however, should not mislead the investigator to 
underestimate the need for urgent surgical inter
vention. Under certain circumstances, the surgeon 
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may have to operate without knowing the exact 
site of the perforation. If the patient's clinical con
dition is stable enough, diagnostic measures (an
gio-CT, angiography) should at least locate the 
aneurysm and evaluate its dimensions, indicating 
the most probable site of perforation. This infor
mation facilitates the choice of surgical approach. 
The view of the area surrounding the perforation 
is often obstructed by the hematoma or by proli
ferated connective tissue. The aorta should be ex
posed at a site distant from the perforation so that 
it can be clamped in an emergency. This can even 
be done without passing tapes or rubber tubing 
around the aorta. If a large hematoma surrounds 
the aorta, lifting the connective tissue off the aortic 
wall, digital dissection is the quickest and least 
traumatic method of exposure under such emer
gency conditions. The aorta is compressed with 
the fingers and temporarily clamped. Reconstruc
tion is performed as described earlier. The clamps 
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Fig. 15.6.9a-e. Subtotal aortic rupture at the typical site 
in segment III. a An incomplete rupture is converted 
into a complete one to obtain a better view during anas
tomosis of the defect. b-c Suture of the back wall. d Su
ture of the anterior wall. e Completed end-to-end anas
tomosis 

may be transferred to another site after dividing 
the aneurysmal sac and obtaining a better view 
of the entire extent of the lesion. 

3. Perforation into the Lung 

Perforation into the parenchyma of the lung with 
subsequent hemorrhage may make lung resection 
necessary (atypical partial resection, lobectomy). 
Segmental resections are technically more difficult 
and therefore cannot be recommended in emergen
cy situations. 

4. Perforation into a Bronchus 

Bronchial defects are excised and closed using ab
sorbable, interrupted, all-layer suture (Dexon or 
Vicryl, sizes 2-0 or 3-0). If portions of the lung 
have been destroyed by chronic obstruction and 
infiltration peripheral to the site of perforation, 
appropriate resection is recommended [8]. 

5. Perforation into the Esophagus 

Perforations into the esophagus occur in 10% of 
all fatal ruptures of thoracic aortic aneurysms and 
are a special challenge for the vascular surgeon. 



15.6 Aneurysms and Ruptures of the Thoracic Aorta 

First of all, it must always be presumed that the 
wall of the aneurysm is contaminated. Secondly, 
a two-row suture of the esophageal defect with 
coverage by a pedicled pleural flap is often unsuc
cessful. The aneurysmal wall should be totally re
sected, except its back wall, to prevent retention 
of infected fluid around the prosthesis. Sometimes, 
one must even consider removing the esophagus. 
If the patient is in poor clinical condition, the 
esophagus is drained at the neck and divided at 
the cardioesophagealjunction. A jejunostomy with 
insertion of a feeding tube is constructed to pre
serve the stomach for reconstruction later on. If 
the patient is in good clinical condition, the stom
ach may be pulled up and anastomosed to the 
esophagus above the aortic arch, with preservation 
of the gastroepiploic vessels, during the same oper
ation. The operative field is flushed several times. 
Orthotopic reconstruction is preferred during pri
mary surgery, just as in surgery of an aortoduo
denal fistula. An extra-anatomic bypass is too 
complicated. Primary orthotopic reconstruction 
does not have an increased risk of infection. An 
extra-anatomic procedure (bypass grafting from 
the ascending aorta to the abdominal aorta with 
subsequent removal of the descending aortic pros
thesis and closure of the aortic stumps) is reserved 
for infections that may develop during the post
operative course (see p. 549) [16]. 

II. Intraoperative Complications 

Stenosis at the suture line may occur after repair 
of a traumatic aneurysm with rolled up, fibrotic 
aortic margins if the aneurysmal wall is not incised 
longitudinally at its anterior aspect (Fig. 15.6.7 d). 
Stenosis is recognized by weak pulsation distal to 
the anastomosis and by a palpable thrill. A slight 
thrill and systolic gradients of up to 20-30 mmHg 
may be tolerated. They often disappear during the 
postoperative course. If higher pressure gradients 
are encountered, the anastomosis must be made 
by incising the aorta longitudinally. An alternative 
is to construct a bypass between the left subclavian 
artery and the distal aorta using an 8-10 mm pros
thetic graft with end-to-side anastomosis at both 
ends. This method avoids having to cross-clamp 
the aorta a second time. Formation of thrombi 
within the aorta distal to the clamp is unlikely. 
A brief unclamping before completing the last 
stitches of the anastomosis flushes out thrombi 
lodged withln the aorta. 
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ID. Postoperative Complications 

Postoperative hemorrhage requiring surgical rein
tervention may be recognized by blood constantly 
coming out of the large chest drainage tubes 
(Charrier 28-32). If the drains do not indicate 
blood loss from the chest and hemorrhage is still 
suspected (loss of volume), it is advisable to take 
a chest X-ray during the first few hours following 
surgery; this will quickly detect a hemothorax. Im
mediate reintervention should not be delayed! 
Bleeding usually comes from injured intercostal 
arteries, from the plane of dissection around the 
aneurysm, or from the partially resected aneurys
mal wall. 

Postoperative thrombotic occlusions need not 
be feared since there is always a high flow rate 
in the aorta. 

At the end of the operation, the peripheral 
pulses are checked and the limbs inspected for evi
dence of thromboembolism; this step is absolutely 
mandatory. 
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A. Anatomy and Classification 

Dissecting aortic aneurysms develop from hemor
rhage in the region of the vasa vasorum, with the 
formation of a hematoma and secondary intimal 
tear. The starting point is the ascending aorta just 
above the aortic valves in 65% and the descending 
aorta just distal to the origin of the subclavian 
artery near Botalli's ligament in about 20%. Dis
section originates at the aortic arch in about 15%. 
In the Marfan syndrome, coarctation of the aorta, 
and rarely in different forms of aortitis, the aortic 
wall is predisposed to split up into two layers, with 
the plane of cleavage running within the media. 
The most common cause, however, is arterioscle
rosis occurring together with hypertension. Fol
lowing an acute intimal tear, the dissection may 
continue on into the pelvic arteries, where the dis
section lies on the left posterolateral aspect of these 

vessels. The left renal artery is therefore also in
volved in this process and is perfused through the 
false lumen. The dissection reaches the abdominal 
aorta in about 50%, leading to occlusion and isch
emia Qf the right common iliac artery (see 
Fig. 15.7.1 a). Another possible complication is 
rupture of the outer layer with acute hemorrhagic 
shock and development of a hemopericardium or 
hematothorax if the rupture is localized further 
proximally. Rupture into the true lumen creates 
two complete lumina (Fig. 15.7.1c). This "re
entry" often leads to an improvement of symp
toms of ischemia or penetration. Another compli
cation is thrombosis of the vascular lumen. 

Classification of aortic dissections according to 
their localization is essential for patient selection, 
operative strategy, and reconstructive technique. 
The De Bakey classification [8J describes the inti
mal tearing point with subsequent intramural 
hemorrhage and its extension distally 
(Fig. 15.7.1a-c). The caudal extension of dissec
tion varies considerably in types I and III, produc
ing a great variety of clinical symptoms. A disad
vantage of this classification is that intimal tears 
at other sites are not taken into account, and that 
only dissection in the direction of the bloodstream 
is considered. Dissections developing in a retro
grade direction cannot be classified. The same 
holds for acute dissections with no clearly localized 
point of entry. Autopsies show that these direc
tions without known arteries make up about 10% 
of all cases [9J. 

These disadvantages have led to a new thera
peutic evaluation of dissecting aneurysms: The 
Stanford classification [7J is becoming more and 
more accepted. The point of entry is unimportant. 
Classification is strictly according to the dissected 
aortic segments. Type A is a dissection of the as
cending aorta. Type B is a dissection of the de
scending aorta, which may involve the distal por
tion of the aortic arch, even if dissection of this 
segment occurs in a retrograde direction 
(Fig. 15.7.2a, b). 
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Fig. 15.7.1 a-e. De Bakey classification of aortic dissec
tion into the three types I- III. a Type I, showing point 
of entry with intramural hemorrhage at the ascending 
aorta. Dissection may extend across the aortic arch 
down to the thoracic aorta or, as presented in the dia
gram, to the abdominal aorta and lower. In such a case, 
obstruction of the common iliac artery can lead to isch
emia of the leg. b Type II with the same point of entry 
as in type I, but with limitation of the dissecting aneu
rysm to the ascending aorta. c Type III is characterized 
by a normal ascending aorta and aortic arch. The intimal 
tear typically occurs just beyond the origin of the subcla
vian artery, and dissection may continue on to more 
distal regions, ending at various levels. Reperforation 
at the bifurcation prevents limb ischemia, in contrast 
to a. d Transverse section at the level of the thoracic 
aorta, showing the smaller true lumen and the larger 
false one. e Compression and obstruction of the orifices 
of the visceral artery by the false lumen, depicted in 
a lateral view 

Fig. 15.7.2a, b. STANFORD classification of aortic dissec
tion into type A and type B [7]. a Dissection involving 
the ascending aorta and aortic arch. The original point 
of entry (ascending aorta, retrograde dissection from the 
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Type B 

descending aorta) does not play an important role in 
the classification. b Type B does not involve the ascend
ing aorta. Dissection may be limited to the thoracic aor
ta, just as in type A, or extend onto the abdominal aorta 
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B. Ilfdications for Reconstructive 
and Palliative Procedures 

The stage of a dissection is of crucial importance 
for the surgical indication and the choice of surgi
cal procedure. A dissecting aneurysm is acute from 
the onset of clinical symptoms to the end of the 
2nd week. An aortic dissection is chronic after the 
14th day. Sometimes it is called subacute in the 
3rd and 4th week [12]. The fresher a stage is, i.e., 
the more acute the symptoms, the larger the 
danger of fatal rupture is, even if a false aneurys
mal channel does not develop. The danger of rup
ture of the false channel in a chronic dissection 
is only present in saccular aneurysms. A chronic 
dissecting aneurysm behaves like a fusiform or sac
cular arteriosclerotic aneurysm. 

A type A dissection with involvement of the as
cending aorta almost always necessitates immedi
ate surgical intervention during the acute stage 
since there is a high risk of aortic insufficiency 
or cardiac tamponade, and the mortality rate with
in the first 4 weeks is over 90%. During replace
ment of the ascending aorta, aortic valve replace
ment is usually necessary under cardiopulmonary 
bypass. Therefore, type A is discussed in the Man
ual of Cardiovascular Surgery (vol. VI/2, 
p. 576 ff). 

Type B aortic dissection may be repaired with
out having to employ the heart-lung machine. 
How an acute type B dissection should be treated 
is still a matter of great controversy worldwide. 
There are different opinions regarding indications 
for surgical vs. conservative treatment [3, 6, 7, 12, 
14, 15]. Retrospective studies have shown that the 
prognosis of patients with an undiscovered and 
untreated type B dissecting aneurysm is considera
bly better than patients with a type A aneurysm, 
provided that they survive the acute stage [11, 12]. 
Some 70%-80% of the conservatively treated pa
tients survive the acute stage in type B dissection 
without surgery. The survival rate seems to be bet
ter if a false lumen cannot be detected by angiogra
phy, or only at a later stage. Such findings certain
ly favor conservative therapy. 

A contained or free rupture with development 
of a hematothorax must be treated by an emergen
cy operation; no alternative treatment exists. 

If conservative treatment does not relieve pain 
and if the dissection progresses and complications 
develop during conservative therapy, surgery is in
dicated. Coinplications such as obstruction of the 
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aortic branches with ischemia of the kidneys, ex
tremities, intestines, or central nervous system 
(restlessness or somnolence) may occur (Fig. 
15.7.1e). Surgery is also indicated if the patient 
has contraindications to antihypertensive and neg
ative inotropic medication. Between 20%-30% of 
all patients who had adequate primary conserva
tive therapy develop complications requiring sur
gery. Recently published favorable results show 
that there is an increasing tendency to treat these 
aneurysms surgically in the subacute stage. The 
great variety of dissections and symptoms make 
it impossible to formulate strict guidelines for opti
mal treatment. 

In chronic type B dissection, surgery is not indi
cated very often. We perform surgery only if pa
tients develop symptoms that are clearly the result 
of dissection and if the false channel expands, 
causing aneurysmal dilatation (Fig. 15.7.1 d). In 
such cases, thoracic or lumbar back pain develops, 
just as in penetrating arteriosclerotic aneurysms. 
However, a wide variety of symptoms have been 
reported which may be associated with the en
largement or penetration of an aneurysmatically 
dilated false lumen. Especially with saccular aneu
rysms, where dilatation can exceed 10 em, rupture 
becomes imminent. In asymptomatic patients 
without aneurysmal enlargement of the false chan
nel, there is no risk of rupture; surgery is not indi
cated except to prevent further retrograde dissec
tion into the aortic arch toward the ascending aorta. 

c. Positioning 

If aortic dissection is limited to segment III of the 
thoracic aorta, the patient is placed on the right 
side for a left thoracotomy (Fig. 15.7.3b). The pel
vis is supported dorsally, and a padded belt is fas
tened around the left hip. The raised left arm is 
positioned on a padded arm rest. It should, how
ever, not be abducted too far; otherwise, the left 
shoulder blade is elevated and is in the way during 
posterolateral thoracotomy. While the arm is in 
such a position, the cranial portion of the operat
ing table should not be lowered too far as this 
would overstretch the brachial plexus. The right 
arm is pulled forward and also placed on an arm 
rest. A soft pad is placed under the right shoulder. 
Access to the abdominal and iliac vessels is not 
possible in the right lateral position. Cannulation 
of the femoral arteries is also impossible in this 
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pOsition. If such access is necessary in order to 
repair a dissection extending beyond the thoracic 
aorta into the abdominal aorta and both iliac ar
teries, a thoracoabdominal approach should be 
chosen. The thorax is rotated 45° into a right semi
lateral position, keeping the pelvis in a horizontal 
plane (Fig. 15.7.4a). The position is exactly the 
same as in surgery of a thoracoabdominal aortic 
aneurysm (see p.314) and permits a median or 
left paramedian laparotomy and also an anterola
teral to lateral thoracotomy, with possible exten
sion to the posterior axillary line. 

D. Surgical Approach 

The right lateral position gives access to the de
scending aorta through a posterolateral thoracot
omy at the upper margin of the sixth rib. The 
incision can be extended anteriorly, if necessary. 
The latissimus dorsi and the serratus anterior mus
cles are divided as far caudad as possible to spare 
the nerves and vessels coming from above. The 
intercostal muscles are divided at the upper border 
of the rib with a cautery. The neighboring ribs 
may be partially divided dorsally using the List 
rib cutter which leads to fracture at the designated 
site. The same maneuver may be done ventrally 
at the costochondral junction of the lower rib. One 
rib spreader is inserted dorsally and one ventrally. 
Expansion is performed step by step, allowing for 
good exposure of the total descending aorta from 
the distal aortic arch to the diaphragm. If only 
the distal portion of the aortic arch, i.e., the cranial 
portion of the descending aorta is to be exposed, 
anterolateral thoracotomy is performed in the 
Crawford position (45°, see thoracoabdominal ap
proach) at the upper border of the fourth or fifth 
rib. This also gives good access to the entire aortic 
arch and ascending aorta. The serratus anterior 
muscle is divided over the fourth rib. The latissi
mus dorsi may be partially transected, but usually 
remains fully intact. The muscles holding the 
shoulder blade in place are preserved. This spares 
the internal thoracic artery and vein. If the pericar
dium must be opened to obtain access to the as
cending aorta, these vessels should then be divided 
and the thoracotomy extended as far as the ster
num. Tapes are then passed around the ascending 
aorta. This aortic segment is gently pulled forward 
or to the left side for partial tangential clamping 
of its wall. 
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In operations performed on the thoracic de
scending aorta through a left thoracotomy, it is 
advisable to intubate both sides of the lungs sepa
rately and then isolate the left lung from mechani
cal ventilation. The collapsed left lung is easily 
reflected with a retractor. This allows for better 
exposure of the aorta and reduces the risk of injury 
to the left lung. Regular blood gas analyses done 
at short intervals and taken from the radial artery 
of the right arm are used to check for adequate 
oxygenation of the blood. If an arteriovenous 
shunt in the unventilated lung leads to a critical 
drop in p02, the main stem of the pulmonary ar
tery may be temporarily clamped, or the lung in
flated from time to time. 

Exposure of the abdominal aorta in order to 
perform a fenestration or reconstruction of the 
visceral, renal, or pelvic arteries is achieved by a 
median longitudinal laparatomy in a supine posi
tion beginning at the xiphoid process, passing the 
umbilicus on the left side, and ending at the sym
physis pubis. A Rochard retractor may be em
ployed for better exposure of the aorta in the up
per abdomen. If the procedure has to be extended 
to two body cavities (abdominal extension follow
ing primary thoracotomy, thoracic extension fol
lowing primary laparotomy), the thoracoabdom
inal position should be chosen. Following longitu
dinal laparotomy and division of the costochon
dral junctions of the sixth and seventh ribs, an 
anterolateral thoracotomy is performed at the up
per border of the sixth rib. Transdiaphragmatic 
exposure of the thoracoabdominal aorta using the 
Crawford technique is possible with this approach 
(see Fig. 15.7.4a, see p. 314). 

E. Surgical Techniques 

I. Prosthetic Interposition 

Replacement of the descending aorta in a type B 
dissecting aneurysm is advisable if the dissection 
is limited almost entirely to the thoracic portion 
and the false channel is ruptured or in danger of 
rupturing (Fig. 15.7.3a). To replace the entire dis
eased segment starting at the proximal side of the 
intimal tear, prosthetic interposition is the method 
of choice. Prosthetic interposition with a distal 
transection suture is also a good method of surgi
cal treatment in more extensive aneurysms of the 
descending thoracic aorta in which the dissection 
begins just below the left subclavian artery. The 
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Fig. 15.7.3a-g. Tube graft interposition in a dissecting 
aneurysm of the thoracic aorta. a Type B, or III, dissect
ing aneurysm requiring surgical intervention because of 
the risk of rupture or extension of the dissection. bRight 
lateral position for left posterolateral thoracotomy. Fix
ation of the pelvis with a padded belt and a dorsal sup
port, fixation of the elevated left arm on a cushioned 
arm rest. c Exposure of the diseased aortic segment with 
proximal and distal clamping of the aorta; division of 
the false channel and the true lumen. The incision is 
continued with transverse incisions proximally and dis
tally. Back-bleeding intercostal arteries are closed with 
transfixion sutures. d Resection of overlapping portions 
of the inside wall to produce the proximal aortic stump. 
The proximal end-to-end anastomosis is then con-
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structed. e After completing the proximal anastomosis, 
the distal anastomosis is constructed with a continuous 
over-and-over suture. At the same time, both dissected 
walls are reattached to one another. If the walls are 
widely separated from one another, they may be adapted 
by suture prior to the construction of the anastomosis 
(f). g To prevent the sutures from cutting through the 
aortic tissue at the distal anastomosis Teflon pledgets 
are placed underneath them for protection. The graft 
is covered by the aneurysmal sac 
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danger of rupture and the extension of dissection 
may be eliminated by this procedure. 

Following a left thoracotomy it is advisable, 
especially in a dissecting aneurysm, to expose the 
aorta first at the distal aortic arch. Preparation 
and dissection in this area is performed as pre
viously described in the chapter on thoracic aortic 
aneurysms (see p. 336). If the aneurysmal dissec
tion extends proximal to the subclavian artery, this 
vessel must be clamped separately. If necessary, 
the aorta must also be clamped proximal to the 
subclavian artery. In contrast to the usual proce
dure performed for repair of an arteriosclerotic 
thoracic aortic aneurysm, tapes should not be 
passed around the distal descending aorta just 
above the diaphragm. The wall of the false channel 
may be so friable following acute dissection that 
preparation in its vicinity or the passage of a tape 
around it may cause immediate rupture. If the at
tempt at clamping the aorta leads to further tear
ing of the false channel, the massive hemorrhage 
that results cannot be brought under control. 

A strong, firm clamp should be used to occlude 
the distal aortic arch or the beginning of the de
scending aorta. In the epiphrenic portion of the 
aorta, a soft clamp suffices for proper occlusion. 
An intestinal clamp is preferred for this purpose. 
It adequately occludes the false channel and the 
true lumen of the aorta without tearing the friable 
walls of the false channel. After clamping, a longi
tudinal incision of the false and true lumina is 
made. Back bleeding from intercostal arteries 
(identified by continuous suction of blood from 
these sites) is brought under control by closing 
the orifices of these vessels with transfixion sutures 
(Fig. 15.7.3c). Both lumina are incised transversely 
about 1-2 em distal to the proximal aortic clamp. 
The inside wall is resected and the proximal aortic 
stump visualized (Fig. 15.7.3d). A Dacron pros
thesis is connected end-to-end to the proximal aor
tic stump. The graft must be of the correct size 
and may consist either of woven or knitted albu
min- or collagen-coated Dacron material. The 
anastomosis is constructed with a continuous 
over-and-over monofilament suture (polypropy
lene 3-0). Each stitch should catch both the true 
and the false wall of the aneurysm. This means 
that both walls are sutured to the graft and at 
the same time reconnected to one another. This 
causes a rather large bulge of the aortic wall at 
the suture line (Fig. 15.7.3e). Therefore, the proxi
mal anastomosis does not have to be secured using 
a supplementary suture technique. 
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The distal anastomosis is performed in the same 
way. A difficulty often complicating the suture 
process is that both walls of the true and false 
lumen are usually widely separated from one an
other. Sometimes, both walls must first be sutured 
to one another before the anastomosis can be per
formed (Fig. 15.7.3f). 

Teflon pledgets are placed on the outside of 
the false wall and also between the false and true 
walls to prevent the sutures from cutting through 
the mural layers. Here it is advisable to use inter
rupted mattress sutures rather than a continuous 
suture. If the false channel is not very wide, the 
same anastomotic technique may be employed as 
for the proximal anastomosis (Fig. 15.7.3e). The 
anastomotic bulge not only seals off the suture 
line, but also contributes to its durability. 3-0 Po
lypropylene or PTFE sutures are recommended. 
Each stitch must be checked to see whether it is 
firmly anchored, especially where a distal anasto
mosis is performed. If one is not sure whether the 
sutures will cut through the aortic tissue, Teflon 
pledgets should be used to secure them on the out
side (Fig. 15.7.3g). Shortly before completion of 
the distal anastomosis, backward flow from the 
abdominal aorta must be checked and any thrombi 
lodged within it flushed out. The graft should be 
vented before blood flow is completely restored. 
Systemic heparinization is usually not necessary 
when this technique is used. It is, however, advis
able to instill a heparinized solution (1000-
2000 units) into the distal aorta with a large cannu
la. 

Replacement should be limited to the most se
verely diseased proximal portion of the aorta so 
that not too many pairs of intercostal arteries have 
to be sacrificed (see p. 312). It is important to re
place those portions of the aorta in which intimal 
tears have led to dissection. A distended aneurys
mal sac of the false channel which is in danger 
of rupturing must also be repaired. 

The anesthesiologist must be informed in good 
time before the distal anastomosis is completed 
so that controlled intraoperative pressure reduc
tion can be interrupted and preparations made to 
begin volume substitution and administration of 
catecholamines, which will be needed to deal with 
the drop in blood pressure following restoration 
of distal blood flow (see p. 199). 
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II. Tboracoabdominal Aortic Bypass 

If a type B dissection is limited to the thoracic 
portion of the descending aorta and ends at the 
diaphragm or just below it, a bypass procedure 
should be chosen for reconstruction. A disadvan
tage is that a two-cavity procedure is necessary. 
The advantage of this method is that the surgeon 
avoids having to perform a difficult distal anasto
mosis to the lower portion of the thoracic aorta, 
where dissection is still present, and instead con
tructs the easier end-to-side anastomosis to the 
healthy infrarenal aorta (Fig. 15.7.4c). The CRAW

FORD right semilateral position, as with the thora
co abdominal approach, is preferred (see p. 312). 
(Fig. 15.7.4a). The proximal anastomosis is con
structed in the same manner as previously de
scribed (see p. 352). Just as in repair of an atypical 
coarctation of the abdominal aorta, the prosthesis 
is posteriorly passed through the diaphragm, be
hind the aorta, close to the anterior surface of 
the spine. Blunt tunneling in the retroperitoneal 
space is performed dorsal to the pancreas and the 
renal vessels. This positions the prosthesis next to 
the aorta in the middle infrarenal aortic segment. 

Sometimes, it is better to place the prosthesis 
dorsal to the pancreas in the retroperitoneal space 
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and then, when it reaches the root of the mesoco
lon, to pass it anterior to the renal vessels (also 
anterior to the left renal vein) into the exposed 
retroperitoneal space. There, it is obliquely anasto
mosed end-to-side to the infrarenal aorta. This 
technique is identical to the surgical treatment of 
an atypical coarctation of the abdominal aorta (see 
p. 209). The distal aortic stump of the descending 
aorta is closed by suture (Fig. 15.7.4d). We prefer 
double suture ligation as a safeguard and use Tef
lon pledgets for reinforcement. 

To prevent prolonged ischemia of the visceral 
organs and kidneys, the end-to-side anastomosis 
to the infrarenal aorta is constructed first. The 
prosthesis is then passed through the diaphragm 

Fig.lS.7.4a-d. Thoracoabdominal aortic bypass. 
a Positioning of the patient for a thoracoabdominal ap
proach according to eRA WFORD, with the pelvis in the 
horizontal position and the thorax rotated 45° to the 
right. Extension of the median laparotomy upward for 
anterolateral thoracotomy in the seventh interspace. 
b Type B, or III, dissecting aneurysm. c Situation follow
ing completion of the proximal end-to-end anastomosis 
and distal infrarenal end-to-side anastomosis. The aortic 
stump in the region of the descending aorta is closed 
by double suture ligation, using Teflon pledgets for rein
forcement (d) 
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into the thorax and connected circularly end-to
end to the descending aorta at the level of Botalli's 
ligament. This means that the surgeon decides to 
perform bypass grafting without knowing before
hand whether or not a thoracic tube interposition 
graft alone would be sufficient for aortic repair 
(removal of the rupture site and the dissected seg
ment). This bypass grafting technique must always 
remain an alternative for those cases where a tube 
graft cannot achieve aortic reconstruction in the 
thoracic region. 

ID. Thoracoabdominal Aortic Replacement 
Using the Crawford Technique 

Thoracoabdominal aortic replacement is indicated 
in acute or progressive ischemia of the visceral or
gans and the kidneys and in transdiaphragmatic 
or subdiaphragmatic retroperitoneal rupture of 
the false channel (Fig. 15.7.5a). The patient is 
placed in the thoracoabdominal position with the 
thorax rotated toward the right side and the pelvis 
remaining in a horizontal position. Exposure of 
the aorta is accomplished using the Crawford tech
nique [6] (see Fig. 15.5.4, see p. 314). The median 
laparotomy is extended upward, followed by the 
division of the costochondral junctions of the sev
enth or sixth ribs. The incision ends in a thoraco
tomy performed at the upper margin of the sev
enth or sixth rib. The parietal peritoneum is incised 
on the left lateral side in front of the descending 
colon. The descending colon and its splenic flexure 
are reflected medially. The peritoneum is dissected 
away from the iliopsoas muscle distally, and the 
abdominal viscera is reflected medially in one 
piece. This exposes the aortic bifurcation and the 
common iliac arteries on both sides all the way 
down to the iliac bifurcations. According to the 
original description of this method by CRAWFORD, 
the left kidney remains within the retroperitoneum 
and is not reflected medially. 

CRAWFORD temporarily divides the left renal 
vein, reconnecting it to the vena cava after com
pleting aortic replacement. The left kidney can also 
be reflected medially; this however, makes it diffi
cult to reimplant the right renal artery. It is usually 
not possible to dissect the distal peritoneum com
pletely off the bottom surface of the diaphragm 
all the way down to the aorta without dividing 
it. Tearing of the parietal peritoneum does not in
terfere with preparation as long as the capsule of 
the spleen remains uninjured. Such injuries of the 
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Fig.lS.7.Sa, b. Thoracoabdominal aortic replacement 
using the Crawford technique. a Extensive thoracoabdo
minal dissecting aneurysm. b Suture of the proximal, ex
tremely oblique anastomosis. This allows blood flow to 
be restored first to the clamped thoracic intercostal arter
ies. The orifices of the main visceral arteries are excised, 
together with a funnel-shaped patch of aortic wall tissue, 
and then anastomosed to the graft 

splenic capsule usually make splenectomy neces
sary. The diaphragm is divided between clamps 
step by step, starting at its anterior medial portion, 
extending upward to the central tendon. Its muscu
lar portion is ligated. It is also possible to start 
at the central tendon and divide the diaphragm 
step by step until reaching the aorta. The phrenic 
nerve, which reaches the diaphragm on the ventral 
side of the aorta, should be spared. Therefore, 
both crura of the diaphragm should be divided 
dorsal to the aorta, if possible. This approach ex
poses the entire thoracoabdominal aorta, from the 
origin of the left subclavian artery downward to, 
and even beyond, the aortic bifurcation. 

Usually, only the thoracoabdominal aortic 
junction and the abdominal portion of the aorta 
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just distal to it need to be replaced. The distal 
portion of the descending aorta just above the dia
phragm should also be dissected free to permit 
clamping. 

In the original description by eRA WFORD, the 
proximal anastomosis is performed first 
(Fig. 15.5.5c). This has the advantage of implant
ing the major visceral arteries, together with a 
patch of aortic wall surrounding them, into the 
graft in rapid succession. It is the same procedure 
as performed in thoracoabdominal aortic replace
ment in a nondissecting aneurysm (see p. 317). The 
anastomotic technique is more difficult in a dis
secting aneurysm since the walls of the true and 
false lumen are usually widely separated from one 
another. In very acute dissections, it may be advis
able to perform a fenestration by cutting out a 
wedged-shaped portion of the inside wall and then 
connecting the prosthesis to the wall of the false 
channel. Suture is performed with a 2-0 or 3-0 
monofilament suture reinforced on the outside by 
Teflon pledgets placed underneath to prevent these 
sutures from cutting through the aortic wall. 

After completing the proximal anastomosis, the 
main visceral arteries are reimplanted in rapid suc
cession, while the aorta remains clamped. The un
even visceral arteries, celiac artery, and superior 
mesenteric artery may be reimplanted without sew
ing the original aortic wall of the true lumen onto 
the graft, provided that these arteries are supplied 
by the false lumen. The origins of these arteries 
may be anastomosed to the prosthesis together 
with patches of false aortic wall around them. 
Holes must be cut into the prosthesis adjacent to 
the arteries (Fig. 15.7.5). No constrictions or ste
nosing plaques at the orifices should obstruct 
blood flow to them. If such plaques are present, 
peri orifice thromboendarterectomy should be per
formed. The distal ends of the arteriosclerotic in
ner core plugs can usually be removed without 
leaving behind an intimal ledge at their distal ends 
(see p. 320; Fig. 15.5.7g). Reimplantation of the 
funnel- or trumpet-shaped, excised origin of the 
right renal artery often causes difficulties. Accord
ing to eRA WFORD the right renal artery should 
be implanted into the prosthesis first, either by 
excising its origin separately or together with the 
superior mesenteric artery and celiac artery as one 
single large aortic patch containing all three ori
fices. The excised origin of the left renal artery 
is reimplanted last. eRA WFORD states that the infe
rior mesenteric artery need not be reconnected if 
the superior mesenteric artery and both internal 
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iliac arteries are patent. If there is doubt, however, 
one should reimplant them in order to avoid isch
emia of the sigmoid colon and of the gluteal re
gion. The aortic prosthesis is sutured end-to-end 
to the distal aortic stump a short distance proximal 
to the bifurcation. In most cases, however, a bifur
cation prosthesis must be implanted, replacing the 
aortic bifurcation and both common iliac arteries 
down to the iliac bifurcation on both sides, since 
dissection usually extends beyond the aortic bifur
cation into both iliac arteries. At the iliac bifurca
tion, both lumina, the false and the true, are easily 
rejoined, which makes femoral attachment of both 
arms of the bifurcation prosthesis at the groin un
necessary. 

To keep the ischemic time of the visceral organs 
as short as possible, we perform the distal anasto
mosis first. After completing the proximal anasto
mosis between graft and aorta, the visceral arteries 
are reimplanted in rapid succession. It is often dif
ficult to rotate the aortic prosthesis, which is tense
ly stretched between the distal and proximal anas
tomosis, and to clamp it tangentially for implanta
tion of the corresponding artery at the correct side. 
The method as originally described by eRA WFORD 

avoids this problem since the prosthesis is not an
chored distally before the visceral arteries are re
connected. 

If a longer segment of the thoracic aorta has 
to be replaced, at least one, and preferably several 
pairs of intercostal arteries arising from the distal 
portion of the descending aorta should be reim
planted into the prosthesis to avoid postoperative 
paraplegia (see p. 316). 

The great radicular artery (Adamkiewicz) may 
be distinguished from other intercostal arteries by 
its rather large caliber and by its relatively strong 
backward flow following division of the aneurys
mal sac. eRA WFORD reimplants this artery last. 
However, tangential clamping of the prosthesis, 
which is a necessary maneuver for reconnection 
of this artery, is very difficult once the graft has 
been attached elsewhere, so that many authors 
reimplant this pair of intercostal arteries first and 
then go on to connect the visceral arteries. 

Ischemic times of up to 30-40 min in visceral 
organs and 40-60 min in kidneys may be tolerated 
during this procedure. When all visceral and renal 
arteries have been connected to the graft, the pros
thesis should if at all possible be covered with por
tions of the wall from the false channel. Once the 
prosthesis lies within the retroperitoneum, it is 
covered by two layers of tissue, as described else-
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where (see p. 303). The diaphragm is closed with 
interrupted sutures, and a chest drainage tube is 
put in place. The descending colon is reattached 
to the lateral wall ofthe abdomen. The retroperito
neal space is drained by one or more tubes, and 
the spleen is put back in place. Chest and abdomen 
are closed using the standard technique. 

IV. Fenestration Operations 

Fenestration operations are performed when se
vere isolated ischemia of organs persists, especially 
of the kidneys and the lower limbs, and no other 
method is capable of relieving these complications 
(Fig. 15.7.6b-d; see p. 370). Fenestration is usual
ly limited to the aortic bifurcation or to one iliac 
artery. 

Laparotomy, extending from the xiphoid pro
cess to the symphysis pubis, passing the umbilicus 
on the left, is performed with the patient in a su
pine position (Fig. 15.7.6a). After reflecting the 
small intestine to the right and the mesocolon with 
the transverse colon upward, the infrarenal ab
dominal aorta, the aortic bifurcation, and the 
common iliac artery are exposed on both sides (see 
p. 378). One should always attempt to dissect the 
aorta free above the origins of the renal arteries 
as far upward as possible so that it may be oc
cluded with a clamp. It is not advisable to pass 
Teflon tapes under the aorta since this maneuver 
may lead to tearing of the wall of the false channel. 
Broad, strong clamps should be used which cannot 
tear the fragile wall of the false channel during 
clamping. The aorta is then longitudinally incised 
just above the bifurcation in a cranial direction. 
If both orifices of the renal arteries require inspec
tion, the incision is extended upward beyond the 

Fig. 15.7.6a-g. Abdominal fenestration in renal isch
emia. a Supine position for longitudinal laparotomy 
which passes the umbilicus on the left side. b A thora
coabdominal dissecting aneurysm in a patient who had 
undergone aortic valve replacement and replacement of 
the ascending aorta. Fenestration was necessary because 
of renal ischemia. c, d Ischemia of the left kidney owing 
to compression of the renal artery as it arises from the 
true lumen. e Following a longitudinal incision of the 
external wall, the wall of the true lumen is resected near 
the origins of the renal arteries. Resection must be per
formed proximal to the renal orifices. The distal intimal 
ledge is transfixed by an interrupted or continuous mat
tress suture (t). g Closure of the longitudinal aortotomy 
with a synthetic patch of double velour Dacron 
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origin of the renal arteries, while the left renal vein 
is slightly reflected upward by means of a tape. 
At least one renal artery usually arises from the 
true lumen. The other renal artery, which branches 
off from the false lumen, must be examined in 
its proximal portion. To reduce back bleeding, an 
inflatable balloon catheter attached to a three-way 
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stopcock is introduced into the lumen of the renal 
arteries. The inside wall of the two-walled renal 
artery is usually removable without leaving an inti
mal ledge behind. This restores unobstructed 
blood flow from the false lumen to the kidney. 
A wedge-shaped resection of the wall of the true 
lumen is performed at this level. This is also done 
anteriorly if both orifices of the renal arteries arise 
from the true lumen. No portions of these walls 
should act as a blocking valve, sealing off the ori
fice when blood flow is restored (Fig. 15.7.6e). The 
wall of the true lumen is totally resected over its 
entire circumference further distally (Fig. 15.7.6e). 
The distal intimal ledge is tacked down by an inter
rupted or continuous mattress suture (Fig. 15.7.6f) 
or by a continuous over-and-over suture sewn in 
part from the inside, in part from the outside, and 
tied on the outside. It is advisable to use monofila
ment 2-0 to 4-0 suture material. If the suture must 
be secured on the outside, Teflon pledgets should 
be used for this purpose. The longitudinal aortot
omy is usually closed by direct suture. Only rarely 
is a patch used for closure. In such cases, a double 
velour Dacron or Teflon patch (Goretex) is pre
ferred (Fig. 15.7.6g). The patient is systemically 
heparinized during the operation, making neutrali
zation of the heparin with protamine necessary fol
lowing restoration of blood flow. Fenestration of 
the iliac artery is performed in the same way as 
in obstructions and is described on p. 370. Throm
bosis of the iliac arteries is rarely seen after acute 
dissection. If it does happen, however, and recana
lization of the iliac arteries cannot be achieved by 
thrombectomy, an aortoiliac or aortofemoral by
pass must be constructed to normalize leg perfu
sion. A femorofemoral cross-over bypass would 
be an alternative in such a case (see p. 545). 

V. More Recent Surgical Techniques 

To reduce blood loss during anastomosis of a graft 
to a dissected aorta, several groups [2, 9, 12] have 
developed ringed intraluminal Dacron prostheses, 
which are inserted into the true lumen and then 
tied to it [4, 6]. The tapes are passed around the 
false lumen and occlude it when they are tied over 
the ring. This method is especially suited to the 
surgical management of dissections in the descend
ing aorta (see p. 343, Fig. 15.6.8). Once the long
term results of this therapeutic concept have been 
studied, its real value as a technique for the surgi
cal management of aortal dissections will be 
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known. About the same average aortic clamping 
times are necessary in this reconstructive proce
dure as with the conventional techniques. No final 
results have yet been reported on graft migration, 
aortic wall necrosis and erosion, formation of false 
aneurysms, etc. Recently, reports on methods for 
external reinforcement of dissecting aneurysms in 
danger of rupture have been published. Earlier, 
several different methods were employed with 
varying results [1]. External reinforcement of the 
aneurysmal sac seems to be possible with woven 
or knitted Dacron material. This applies more to 
the ascending aorta than to the descending aorta 
since the intercostal arteries arising from the de
scending aorta must be selectively divided before 
external coverage with synthetic material can be 
performed. This may lead to disruption of the false 
channel in dissecting aneurysms with subsequent 
uncontrollable hemorrhage. However, progressive 
dissection cannot be treated by this method, and 
therefore it should be considered only in excep
tional cases. 

F. Postoperative Treatment 
and Complications 

Direct postoperative treatment of the patient al
ways begins in the intensive care unit. In addition 
to constant blood pressure and ECG monitoring, 
postoperative mechanical ventilation is usually 
necessary for proper blood oxygenation (see 
p. 203). Hemorrhage in the thorax or abdomen 
following surgery must be reexplored early 
enough. Thrombosis of the prosthetic aortic graft 
seldom occurs because of the high flow rate 
through the prosthesis. Renal functional disorders 
such as anuria or polyuria must be treated careful
ly. Anuria may be a sign of thrombotic occlusion 
of the main renal artery which should be con
firmed by early angiography or by functional ra
dionuclear tests. Functional disorders of the liver 
and acute or subacute intestinal ischemia must also 
be diagnosed in time. Postoperative jaundice is 
usually caused by hemolysis following mUltiple 
blood transfusions. Liver function tests, especially 
cholinesterase, provide a further evaluation of the 
possible extent of ischemic liver damage. A specific 
treatment for this disorder is unfortunately not 
available at the moment. 

Acute thrombotic occlusions of the visceral ar
teries are rarely detected since the patient requiring 
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mechanical ventilation is sedated. Clinical symp
toms such as hyperperistalsis shortly after the op
eration and paralysis about 5-8 h following sur
gery should be clarified by angiographic control 
of intestinal perfusion. An acute postoperative 
thrombotic occlusion of the superior mesenteric 
artery, which is fortunately rare, is usually detected 
when severe abdominal pain develops. The sur
geon in charge must then decide whether or not 
extensive resection of gangrenous bowel improves 
the patient's prognosis of living a worthwhile life. 
The surgical mortality rate in dissecting aneurysms 
of the aorta depends on the type of operative pro
cedure and the stage of aortic dissection. It varies 
between 0%-10% and 50% (Table 15.7.1). The 
main causes of death are myocardial ischemia, ce
rebral ischemia, bleeding complications, and, in 
recent years, mainly rupture and pericardial tam
ponade. 

Table 15.7.1. Frequency of paraplegia (complete or par
tial) and operative mortality in 250 surgically treated 
patients with a dissecting aneurysm of the aorta, as re
ported by CRAWFORD [5, 6] 

Paraplegia 

Com- Par- Mor-
plete tial tality 
% % % 

Replacement of the ascending aorta 
Acute (n=19) 0 
Chronic (n = 33) 0 

Aortic arch replacement 
Acute (n=7) 
Chronic (n=21) 

o 
o 

Replacement of the descending aorta 
Acute with shunt (n=6) 17 
Acute without shunt (n = 16) 6 

Thoracoabdominal aortic replacement 
Acute (n=11) 18 
Chronic (n=71) 6 

Total aortic replacement 
(n=3) 33 

Abdominal aortic replacement 
(n=1) 0 

Total (n = 250) 11 
(4.4) 

o 
o 

o 
o 

0 
0 

9 
14 

33 

0 

14 
(5.6) 

32 
9 

43 
19 

50 
50 

45 
8 

0 

0 

46 
(18.4) 

Another typical complication is paraplegia, 
which may be complete or partial, with a fre
quency that differs according to the various types 
of aortic reconstructions. Whether or not a tempo
rary shunt is used to maintain peripheral perfusion 
of the spinal cord seems to have no influence on 
the incidence of paraplegia (Table 15.7.1). 
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A. General Remarks 

I. Causes 

Acute arterial obstruction may be caused byembo
lism of dislodged thrombotic material or by acute 
arterial thrombosis of an artery with a diseased 
or injured wall. Other causes of acute arterial ob-

structions are trauma, posttraumatic changes of 
the artery, dissecting aneurysms, subintimal hema
toma, spastic diseases of the arteries, and several 
rare conditions. The main source of arterial embo
lism is the heart, from which 75%-94% of all pe
ripheral emboli originate [21, 23, 26, 28]. Over 
the last few decades, the main cause of embolism 
from the heart - rheumatic valve disease and atrial 
thrombosis with atrial fibrillation - has been re
placed by embolism of parietal mural thrombi fol
lowing myocardial infarction [21]. Rheumatic 
heart disease has dropped to second place among 
the causes of embolism. 

Although the heart is still the main source of 
embolism, arterioarterial embolism should not be 
forgotten [13, 19, 27]; it occurs in at least 10% 
of all embolic episodes. An atheromatous or an
eurysmal aorta or iliac artery may act as a source 
of embolism. Other origins may be a thoracic out
let syndrome causing embolism of the upper ex
tremity, a popliteal aneurysm, etc. 

With the increasing frequency of invasive tests 
and therapeutic interventions, there has been an 
increase in the number of iatrogenic injuries lead
ing to embolism. Parts of the Fogarty or other 
catheters may embolize, and preexisting thrombi 
at the site of intervention may be dislodged. Em
boli originating from malignant tumors are rarely 
seen. Of these, atrial myxoma is probably the most 
common cause. In contrast, emboli from lung tu
mors are extremely rare [26]. Between 50%-75% 
of all acute arterial embolisms occur in the extrem
ities. 

Acute arterial thrombosis in the extremities of
ten develops on the basis of arteriosclerotic, ulcer
ous, or stenotic arterial wall lesions, aneurysms, 
posttraumatic arterial wall injuries, subintimal he
matoma, intimal tears, etc. 

Acute occlusions of the iliac artery are found 
in 26% of all dissecting aneurysms [18]. Intermit
tent symptoms of acute arterial occlusion are 
found in cystic adventitial degeneration, primarily 
in the popliteal artery (ATKINS and KEY 1947) [26]. 
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A persistent arterial spasm may also be the 
cause of an acute arterial obstruction in the ex
tremities. Since 1981, spastic vascular reactions 
have been reported following th~ administration 
of dihydroergotamine - heparin preparations for 
postoperative (posttraumatic) prophylaxis of 
thromboembolism. This complication, occurring 
primarily in trauma patients, usually affects the 
lower limb in younger persons at an average age 
of 37.3 years [20]. 

ll. Clinical Findings 

Tissue hypoxia becomes manifest distal to every 
obstructed artery and sooner or later leads to ne
crosis, depending on the grade of ischemia. The 
severity of ischemia is, of course, determined by 
the sensitivity of the affected tissue to hypoxia 
(1. nerve; 2. muscle; 3. skin), and by the degree 
of collateral circulation. Sensory impairment of 
the skin is an alarming clinical sign since the pe
ripheral nerves are most sensitive to hypoxia. As 
ischemic damage progresses, regional anesthesia 
develops. Finally, paralysis is the severest ischemic 
symptom and marks the beginning of tissue necro
sis [21]. 

ID. Indications for Surgery 

In acute complete ischemia, therapeutic interven
tion should commence immediately, and every
thing possible should be done to relieve acute arte
rial obstruction. One of the first therapeutic mea
sures is the intravenous injection of heparin (5000-
10000 units) to prevent the growth of an apposi
tional thrombus. If ischemia is incomplete, one 
can wait a short while until the patient has been 
examined and the diagnosis confirmed. These di
agnostic procedures should, however, be done 
under heparinization, analgesia, and shock treat
ment. We think that incomplete acute ischemia 
should be treated immediately by recanalizing the 
obliterated segment. The development of fatal sec
ondary thrombi, especially in shock, is not predict
able. Such conditions cause irreversible injury 
within an extremely short time period. 

A general surgeon acquainted with the basics 
of vascular surgery may treat classic embolism, 
provided the rules of embolectomy are observed. 
If an acute arterial thrombosis occurs in a patient 
with chronic occlusive arterial disease, or if ob-
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struction is caused by other factors, a complicated 
and difficult operation will be necessary to revas
cularize the artery. In such a case, a fully trained 
vascular surgeon should be consulted. 

IV. Indications for Other Methods of Treatment 

Complete ischemia should be treated by surgical 
embolectomy or thrombectomy (the quickest pro
cedure in acute arterial obstruction). The more 
centrally located an obstruction, the more favor
able are the conditions for successful surgical treat
ment. In peripheral locations unsuitable for surgi
cal treatment, local streptokinase therapy is a good 
alternative in relieving obstruction [17] (see 
p. 106). In acute spastic diseases, such as ergotism, 
the medication responsible for these symptoms 
must be discontinued. Vasoactive drugs and pros
taglandins may relieve spasms. If these conserva
tive therapeutic measures fail, semi-invasive trans
luminal arterial dilatation (PTA) may be successful 
[20] (see p. 113). An acute sympathectomy is con
sidered only in rare cases. This method rarely re
lieves symptoms. 

Venous thrombectomy is the method of choice 
in phlegmasia cerulea dolens with spastic occlusion 
of the arteries. This procedure relieves vasospasms 
of the venous and arterial systems. If thrombec
tomy does not lead to success, extensive fascio
tomy over the lower limb or thigh muscles (fascia 
lata) is performed to decompress the endangered 
arteries [4]. 

B. Surgical Therapy 

I. Choice of Anesthesia 

Patients experiencing acute arterial obstruction of 
the extremities usually have additional cardiac 
and/or vascular risks. Therefore, methods of anes
thesia should be chosen which exert as little strain 
on the patient as possible. We find local infiltration 
with a 1 % solution of procaine (or lidocaine) the 
best method of anesthesia for embolectomy. Of 
course, an intravenous line must always be avail
able for infusion or transfusion. Since making it 
a rule to use local anesthesia when operating on 
our poor risk patients with acute obstruction of 
a limb artery, surgical mortality has dropped 
remarkably. Lumbar-spinal peridural anesthesia is 
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recommended in patients with chronic occlusive 
arterial disease in whom revascularization cannot 
be achieved by simple embolectomy, and who in
stead require extensive thrombectomy or compli
cated vascular reconstructions (see p. 195). 

II. Instruments 

The instruments used in vascular surgery are de
scribed in detail in the General Section. Fig
ure 16.1. presents the "mini" instruments which 
each general surgeon needs to manage acute vascu
lar problems such as embolism, acute thrombosis 
of peripheral vessels, intraoperative vascular inju
ries. 
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Fig. 16.1. Emergency vascular surgical instruments for 
embolectomy of a limb artery. j, Large wound retractor; 
2, atraumatic vascular clamps (De Bakey type) ; 3, one 
small set of ring strippers; 4, rubber-shod Pean forceps 
used in the clamping of prosthetic material (acute pros
thetic occlusion); 5, Dormia basket; 6, loops for encir
cling vessels; 7, angled vascular scissors; 8, fine vascular 
scalpel ; 9, atraumatic vascular forceps ; 10, atraumatic 
bulldog clamps; 11, vascular needle holder; 12, small 
wound retractor; 13, Fogarty catheters of different sizes; 
14, porcelain bowl for a heparinized solution (5000 units 
per 100 ml); 15, flushing cannula; 16, mini-bulldog 
clamps; 17, one set of olive-shaped vascular dilators and 
atraumatic monofilament suture material 5-0 and 6-0 
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Fig. 16.2 a-I. Embolectomy in the leg. a Skin incisions 
for inguinal and popliteal embolectomy. The sites of ar
teriotomy are indicated. b Tapes are passed around the 
common femoral artery, profunda femoris, and superfi
cial femoral artery. Smaller vessels are temporarily oc
cluded with fine vessel loops (hemostasis). c Clamping, 
longitudinal arteriotomy above the origin of the profun
da femoris artery allowing good exposure of its orifice. 
d Introduction of the Fogarty catheter (the size is chosen 
according to the caliber of the artery) into the profunda 
femoris artery. The left hand gently manipulates the ar
tery; the index finger prevents larger blood loss. e Re
traction of the balloon catheter while gently compressing 
the arterial wall; thromboembolic material shoots out 
of the arteriotomy. f Checking retrograde flow. g Intro
duction of a flushing cannula and injection of 1000 units 
heparin (20 ml of diluted solution). h The common fem
oral and the superficial femoral artery are embolecto
mized in the same way. When anterograde flow in the 
common femoral artery is checked, it is important that 
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the left hand control the artery properly by means of 
the tape passed around it. Closure of the arteriotomy 
by continuous suture (6-0 Prolene). i Intraoperative an
giographic control. Puncture above the arteriotomy 
makes assessment of the suture line possible. j The nee
dle should transfix the entire wall when suturing arter
iosclerotic vessels. k Transverse arteriotomy and closure. 
I Closure of a longitudinal arteriotomy with a patch 
graft, e.g., during surgical reintervention (vein, Dacron) 
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ill. Surgical Approach in Acute Obstructive 
Disease of the Extremities 

Only those incisions are discussed which provide 
the best access to the obstructed limb arteries. In 
principle, the surgical approach should always lie 
distal to the most peripherally palpable pulse. The 
surgeon will always try to choose a site from which 
the obstructed vascular segment can be easily 
reached. Since the development of indirect embo
lectomy, this is almost always possible [8] 
(Fig. 16.2a and 16.3a-c). 

IV. Surgical Procedures in Acute 
Obstructive Disease of the Extremities 
(Figs. 16.2 and 16.3) 

Vascular preparation must be performed as meti
culously as possible, according to the basic rules 
of vascular surgery. Complete hemostasis is neces
sary since the patient receives anticoagulants fol
lowing surgery. Preparation, clamping, and he
mostasis are performed as usual. Shortly before 
clamping the artery, 5000 units heparin is injected 
intravenously (other authors give 10000 units). We 
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perform the arteriotomy longitudinally to obtain 
a better view of the large collaterals, especially in 
the groin (e.g., profunda femoris artery), and to 
be able to embolectomize or thrombectomize these 
branches without difficulty (Fig. 16.2 b-j). A trans
verse arteriotomy, as shown in Fig. 16.2k, does 
not visualize the inside of the vessel as well as 
a longitudinal incision does. Many surgeons do 
not perform a longitudinal arteriotomy for fear 
of a stenosis which might develop following clo
sure. However, a transverse incision increases the 
risk of tearing the arterial wall at its corners during 
withdrawal of an inflated Fogarty catheter. In 
some cases, this may lead to total evulsion of deli
cate arteries, making an end-to-end anastomosis, 
or even an interposition graft, necessary. Uncon
trolled tearing of a longitudinal arteriotomy may 
be repaired in every case by closing the incision 
with a patch graft, thereby avoiding narrowing of 
the vascular lumen (Fig. 16.21). 

Fig. 16.3a-c. Embolectomy in the arm. a Incisions made 
in the antecubital fossa and radially. b Exposure of the 
vascular bifurcation (ulnar artery, radial artery) by par
tially dividing the bicipital aponeurosis. c Selective inser
tion of the catheter into the radial and ulnar artery 
(further description on p. 365) 

b BIcipital aponeurOSIS 
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Dangerous suture line stenoses following longi
tudinal incisions may be avoided by closing the 
artery with a thin, monofilament nonabsorbable 
suture (6-0) and taking only very small bites of 
the wall. It is rarely necessary to close the longitu
dinal arteriotomy with a patch graft. This may 
be done sometimes following reinterventions at the 
same site. 

Anterograde and retrograde flow must be pre
cisely monitored, always keeping bleeding under 
control. The incisions should be flushed locally, 
preferably in a distal direction with heparinized 
solutions (5000 units heparin in 100 m1 saline). Be
fore closing the wound, a Redon suction drainage 
tube is introduced. 

Because patients experiencing acute arterial ob
struction are almost always at increased cardiac 
and cerebral vascular risk, the most limited proce
dure possible should be performed. Meticulous 
dissection technique minimizes blood loss. Vein 
cannulas must be large enough to provide ade
quate blood transfusion, if necessary. An anesthe
siologist must always be present during operations 
done under regional anesthesia, to treat shock 
symptoms and initiate immediate general anesthe
sia if the patient's condition deteriorates. 

Mter surgery heparin is given continuously by 
intravenous line. It is regulated according to the 
prolongation of the partial thrombin time (two
three times the normal value, i.e., 80-120 s). 

Between the 3rd and 5th postoperative day cou
marin anticoagulation is initiated. The daily he
parin dose is slowly reduced with constant moni
toring of partial thrombin time and prothrombin 
time. 

Following thrombectomy or embolectomy of 
limb arteries, the patient is mobilized between the 
3rd and 5th day, depending on general clinical 
condition and wound healing. The sutures are re
moved from the upper extremities between the 6th 
and 8th and from the lower extremity between the 
8th and 10th day. A Redon suction drainage tube 
should always be placed within the wound area 
and not removed until blood or lymph secretion 
stops. 

For correct assessment of one's own results, 
comparison with other results is necessary. The 
following figures may help to evaluate surgical 
success in the treatment of acute arterial obstruc
tion: percentage of full or partial remissions, fre
quency of amputation, and surgical lethality. 

Reviewing the literature of the past few years 
[7, 25, 26, 28], and considering our own results 
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(3200 patients since 1970), a simple embolectomy 
performed within a 10-h limit leads to full restitu
tion in more than 70% of surgical patients, to par
tial remission in 10%, to amputation in 5%, and 
to lethal complications in 5%. Compared with 
past results, these are excellent. If the occlusion 
period is prolonged beyond the 10-h limit, only 
50%-60% show full remission, and the amputa
tion and mortality rates increase to 10%-20%. 
The results for thrombectomy of acute arterial 
thrombosis are even worse. Total restitution 
reaches a maximum rate of only 50%, the amputa
tion rate is over 30%, and the mortality rate about 
20% or more. 

Further improvement of these results can be 
expected mainly through early detection and early 
surgical intervention. Increasing the number of ex
tra-anatomic bypass procedures performed in 
acute arterial thrombosis could lead to substantial 
improvement of results. 

Simple intraoperative quality control is recom
mended in each case. If surgery is performed under 
local anesthesia, the subjective comments of the 
patient during surgery are already a good indica
tion of successful recanalization: the patient no 
longer experiences pain and can move his toes 
again. If the patient's limb is draped properly, a 
nonsterile assistant can simply palpate the periph
eral pulses, the presence of which is an indication 
of success. 

Of course, simple measuring devices which can 
be employed intraoperatively under aseptic condi
tions are also of great value in evaluating the quali
ty of perfusion. For example, the light plethysmo
graph developed by BOLLINGER and BORGIS pho
toelectrically registers the changes in the translu
cency of body tissues of the hands and feet. These 
alterations are recorded as typical pulse curves. 

Intraoperative angiography is still the best meth
od for evaluating recanalization, especially after 
thrombectomy. A comparison between pre- and 
postoperative angiography documents the opera
tion's success. Routine angiography is, however, 
not absolutely necessary in typical embolic occlu
sions, but if there is any doubt, it must be recom
mended. 

v. Direct Embolectomy 

Before FOGARTY introduced the method of indirect 
embolectomy in 1963 [8, 9, 10] an embolectomy 
had to be performed through an arteriotomy at 
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Fig. 16.4. Simultaneous embolectomy of an embolus sit
uated at the aortic bifurcation. The primary decision 
to operate on both sides simultaneously prevents frag
ments of the embolus from embolizing into distal arter
ies. Before the Fogarty catheter was developed, remote 
embolectomies were sometimes performed with the Dor
mia basket 

the site of the embolus. Today direct embolectomy 
is performed only if the embolus is located at one 
of the typical sites, e.g., origin of the profunda 
femoris artery at the groin or cubital artery. 

In such cases the embolus is extruded through 
a simple arteriotomy by digital compression or 
with a thumb forceps. 

Direct embolectomy may also be atraumatically 
performed with a Fogarty balloon catheter, since 
this technique prevents fragmentation of the em
bolus during extraction, removing all secondary 
thrombi and parts of the primary embolus from 
the vessel. 

If the embolus or a part of it lies in the profun
da femoris artery, it may be easily removed with 
a Fogarty catheter inserted through a groin inci
sion. A good reflux from the profunda femoris 
artery should be present after removing the embo
lus. Direct embolectomy of centrally localized em
boli in the subclavian artery and in the aortic or 
iliac bifurcation is attempted only if indirect 
embolectomy, either by the Fogarty balloon cathe
ter technique or by a ring stripper, does not lead 
to removal of the embolus (see p. 72). Such prob
lems occur if the embolus is too old or adheres 
very tightly to the arterial wall. 
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Anterograde and retrograde flow must be care
fully monitored in every case, in order to deter
mine whether or not, in addition to the embolus, 
a thrombus has formed centrally and distally, 
which must be completely extracted in an antero
grade and retrograde direction with a Fogarty 
catheter. If anterograde thrombectomy is unsuc
cessful, retrograde flushing from a peripheral seg
ment can be attempted. 

Arterial emboli most often lie at branching 
points of the arteries (bifurcation, Fig. 16.4), at 
the origin of the profunda brachii artery, at the 
division of the brachial artery into the forearm 
arteries, at the origin of the profunda femoris ar
tery, at the branching of the popliteal artery into 
the lower leg arteries) and may spontaneously sep
arate into several fragments. In searching for parts 
of the embolus, the Fogarty catheter must be intro
duced into all arterial branches at a given branch
ing site, otherwise recanalization of arterial circu
lation will be incomplete. 

VI. Indirect Embolectomy 

Until 20 years ago, embolectomy always had to 
be done directly. This meant that centrally located 
emboli had to be removed by performing large 
operations in order to expose the obstructed site. 
Today, the standard technique is indirect embolec
tomy as developed by Fogarty. An arteriotomy 
is performed at a typical site to which the surgeon 
has easy access. The embolus is removed either 
by retrograde or anterograde advancement and 
withdrawal of the balloon catheter. 

Figures 16.2, 16.3, and 16.4 show the typical 
steps in performing indirect embolectomy; some
times the Dormia basket is still used to reach very 
peripherally localized tiny emboli. Sometimes, pe
ripheral secondary thrombi adhere to the basket 
as it is being withdrawn, thus facilitating their re
moval. If patients present late after an acute event 
and an attempt to remove the embolus is made 
using a Fogarty catheter, the embolus may stick 
to the wall so strongly that it cannot be extracted. 
This problem may be overcome if in addition the 
ring stripper is carefully applied. 

Although the Fogarty method of embolectomy 
seems to be very simple, the use of the balloon 
catheter is always an occasion for the application 
of precise surgical technique. Incorrect manipula
tion of the catheter within the artery may lead 
to vascular wall injury or even iatrogenic dislodge-



368 

Laleral 
CIrcumflex 
humoral a. 

a 
External Ihac a -

b 

ment of fragments of the embolus which then may 
embolize themselves into peripheral vessels. GOLD

BERG et al. [2] demonstrated vascular wall injury 
after rough manipulation with the Fogarty cathe
ter. CHID! and DEPALMA proved the atherogenic 
potential of the embolectomy catheter, which was 
directly proportional to the applied pressures with
in the balloon [3]. 

Overinflation of the balloon leads to intimal 
tears which, of course, cause subsequent dissection 
and recurrent occlusion (Fig. 16.5a-d). When 
overinflated, the balloon can disrupt and its re
maining fragments embolize into peripheral arter
ies. 

To prevent this complication, the size of the 
Fogarty catheter should be chosen according to 
the diameter of the embolectomized vessel. An in
direct embolectomy of a proximal vessel is done 
using a larger sized catheter, in a smaller artery 
a smaller caliber is used. The surgeon should test 
the balloon by inflating it before inserting it 
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Fig. 16.5a-d. Complications during thromboembolec
tomy. a Perforation at the origin of an arterial branch 
by advancing the Fogarty catheter in the wrong direction 
(e.g., lateral circumflex artery of the arm). b Perforation 
at a prestenotic site in arteriosclerosis. c Wall dissection. 
d Intimal injury (a torn intimal flap may protrude and 
cause thrombotic recurrent occlusion) 

through the arteriotomy in order to get a feeling 
for the correct pressure necessary for proper infla
tion during embolectomy or thrombectomy. 

Special care must be taken in the very delicate 
arteries of children and also in calcified and ulcer
ated arterial walls in older patients. 

VII. Thrombectomy of an Acute Arterial 
Thrombosis in an Extremity 

The surgical procedure in direct and indirect 
thrombectomy following acute arterial thrombosis 
in an extremity is equivalent to embolectomy. 
However, the cause of acute arterial thrombosis 
is a different one (posttraumatic causes excluded). 
Thrombosis occurs as a consequence of stenotic, 
ulcerated, or dilating arteriopathies. If one decides 
to perform thrombectomy in acute arterial throm
bosis, or if an acute occlusion is mistaken for an 
embolus and it turns out that acute thrombosis 
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has occurred in preexisting arterial wall disease, 
thrombectomy alone should be performed during 
the acute stage of ischemic symptoms. Later con
trol angiography can visualize persistent wall le
sions which may be corrected in a second opera
tion. The objective of thrombectomy is to save 
the acutely endangered limb. On no account should 
thromboendarterectomy be performed in the acute 
stage. Such a procedure would lead to irreparable 
injury of the artery (dissection and disruption) and 
amputation. 

An alternative in acute arterial thrombosis 
where surgery seems impossible is to bypass the 
thrombosed segment with an orthotopic or extra
anatomic bypass graft, provided, of course, the 
distal outflow tract is patent [7, 11]. 

Thrombectomy is performed in the same man
ner as an embolectomy, by means of a Fogarty 
catheter in.serted through an arteriotomy at the 
most advantageous site (Fig. 16.6a-d). If thrombi 
remain adherent to the wall, the ring stripper may 
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Fig. 16.6a-d. Thrombectomy of the left iliac artery. 
a Thrombosis of the left iliac artery showing severe ar
teriosclerotic disease. b, c Thrombectomy using the Fo
garty catheter. d Thromboendarterectomy using a ring 
stripper (see p. 381). This additional maneuver is only 
justified if anterograde flow is inadequate and ultimate 
preservation of the leg is doubtful. The operative field 
must be prepared and draped in such a way that quick 
access to the retroperitoneal space is possible in case 
of perforation of the iliac arterial wall (insofar as possi
ble, ring stripping should be attempted only in elective 
procedures following angiography) 

be advanced to dislodge them, followed by the 
Fogarty catheter for removal of the thrombotic 
material. Where the ring stripper is employed in 
acute arterial thrombosis, the smallest resistance 
encountered during the procedure should not be 
overcome by force. Otherwise, intimal injuries or 
perforations may occur. The size of the ring strip
per must be chosen carefully so that the ring easily 
passes through the narrowest segment of the ves-
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sel. After saving the limb by thrombectomy, an
giography (or even PTA) is performed to plan the 
necessary reconstructive procedures. Under favor
able conditions, immediate reconstruction is possi
ble following intraoperative angiography. 

VDI. Acute Arterial Thrombosis 
in a Peripheral Aneurysm 

If during embolectomy or thrombectomy the 
quantity of thrombotic material being removed 
seems endless, a thrombosed aneurysm must be 
suspected. 

Poststenotic aneurysms of the subclavian artery 
(Fig. 16.7 a) and the typical arteriosclerotic popli
teal aneurysm are some common examples (see 
p. 281). 

If an aneurysm is discovered during an attempt
ed thrombectomy, angiography can clarify the sit
uation. Then, a carefully planned vascular recon
structive procedure can be performed according 
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to the grade of ischemia and the angiographic find
ings. Immediate surgical management of the an
eurysm and bypass grafting with simultaneous, 
precise peripheral thrombectomy and embolec
tomy are the methods of choice if the limb is acute
ly endangered (Fig. 16.7b). 

IX. Fenestration in an Acute Arterial Obstruction 
of an Extremity Caused by a Dissecting Aneurysm 
or Subintimal Hematoma 

The typical dissecting aortic aneurysm and a sub
intimal hematoma can lead to acute arterial ob
struction in an extremity [11 , 18, 27] . Such an 
event is rarely observed in the upper extremity 
alone. It usually occurs in combination with cere
bral ischemia. It is seldom seen in the lower limbs, 
occurring only if the true inner lumen of the dis
secting aneurysm seals off one iliac artery or if 
dissection extends all the way down to the groin, 
where it narrows or even occludes the lumen of 

Fig. 16.7 a, b. Surgical management of a partially throm
bosed aneurysm of the right subclavian artery. a Recur
rent embolism is a typical complication of such an aneu
rysm (always examine the other side!). b Bypass of the 
aneurysm. Revascularization and recanalization of the 
distal outflow tract following peripheral embolectomy 
and construction of an extra-anatomic, carotid-axillary 
bypass (1). (alternatives: subclavioaxillary bypass (2), 
axilloaxillary bypass (3). Material: vein, ring-reinforced 
PTFE prosthesis 
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the superficial femoral artery or profunda femoris 
artery (Fig. 16.8a). The case history of the patient 
and clinical symptoms such as shock, retrosternal, 
and abdominal pain signify that aortic dissection 
is responsible for acute arterial obstruction in the 
limb. However, we have observed cases which pre
sented with an isolated occlusion of a leg artery 
and were treated as if they had experienced embo-

Profunda femons a 

Common lemoral a 

b 

1 False lumen 
2 T'IJe Il,men 

Fig. 16.8a-d. Arterial wall dissection. a Schematic repre
sentation of an arterial wall dissection in the right in
guinal region with partial occlusion of the origin of the 
profunda femoris artery. b Transverse section at the level 
of the profunda origin. The dissected vascular wall 
blocks the orifice of the profunda femoris artery. c, 
d Following longitudinal arteriotomy, the dissected inner 
vascular wall is fenestrated (about 2 cm2). The proximal 
resection line remains as it is; a distal intimal flap must 
be fixed to the adventitia 
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lism. The knowledge of such peculiarities is impor
tant since acute ischemia at least can be relieved 
immediately by performing a simple fenestration 
of the inner wall. If the symptoms of dissection 
progress, elective correction of the aneurysm can 
be attempted. Figure 16.8 b-d shows such an arte
rial occlusion in the right groin caused by dissec
tion of the vascular wall. Acute relief by fenestra
tion is also demonstrated. We limit therapy to this 
single procedure, provided the extensive operation 
of total or partial aortic replacement is not ne
cessitated by increasing shock symptoms or by 
other arterial occlussions (see pp. 349, 358). 

In some patients who were mistakenly treated 
for acute embolism of the leg, we exposed the fem
oral artery in the groin region and found a pro
truding intimal sac beneath which a pulse could 
be felt (subintimal hematoma). Simple fenestration 
with fixation of the distal intimal flap usually re
canalized the vessel successfully. 

X. Extra-anatomic Bypass in an Acute 
Arterial Obstruction 

Sometimes, a several-day-old or even a week-old 
acute or subacute arterial obstruction cannot be 
removed by typical thrombectomy or embolec
tomy. Occlusions of this kind, lying distal to the 
axilla or distal to the inguinal ligament, can be 
revascularized following previous angiography if 
the peripheral segments of the artery are still pa
tent (see pp. 339ff., 391). In acute situations, extra
anatomic bypass is best suited for this purpose. 
It can be done quickly under regional anesthesia 
without too high a risk for the patient (see 
p. 539ff.). It is especially useful in central occlu
sions of the subclavian artery, the aortic bifurca
tion, or the iliac arteries, or in acute obstructions 
of a bifurcation prosthesis that cannot be lysed 
or thrombectomized immediately. Only alloplastic 
material is used for extra-anatomic bypass graft
ing. PFTE prostheses are best suited since blood 
loss is minimal with these grafts. The size of the 
prosthesis is determined by the caliber of the artery 
involved. 

It must be stressed that a peripheral embolec
tomy or thrombectomy is performed until ade
quate reflux is restored or an obstruction detected 
by intraoperative peripheral angiography is re
moved. 
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XI. Surgical Management of an Acute 
Iatrogenic Arterial Thrombosis 

With the increasing frequency of diagnostic proce
dures (angiography) and therapeutic interventions, 
there has been an increase in the number of iatro
genic peripheral arterial thromboses and also of 
catheter-induced thromboses or embolisms, with 
subsequent acute occlusive symptoms. The prog
nosis of such obstructions is poor since thrombosis 
often extends all the way into peripheral portions 
of the artery, and its detection is not always easy 
(intensive care patients). Furthermore, recanaliza
tion requires the employment of all therapeutic 
tools available without subjecting the patient, who 
is usually in poor general condition, to excessive 
stress. 

Simple catheter-induced thromboses or embo
lism are easily removed by immediate exposure 
of the puncture site, as described previously. 

Problems arise when, for example, the entire 
periphery is obstructed following invasive arterial 
pressure measurement or incorrect intra-arterial 
application of a strong irritating substance which 
injures the intima. Systemic, thrombolytic therapy 
is usually not possible in these patients (who usual
ly have several contraindications) and usually does 
not produce the desired effect anyway. Therefore, 
surgical thrombectomy and localized thrombolytic 
therapy with adequate irrigation should be com
bined. FADDEN, OCHSNER and MILES [6] have de
veloped an interesting method which allows the 
simultaneous application of local thrombolytic 
substances. They prepared a piece of vein contain
ing one tributary and implanted it as an interposi
tion graft into the artery. A catheter was inserted 
into the branch of the venous strip and bound 
to it. Thrombolytics and anticoagulants were con
tinuously infused through the catheter. In extreme
ly difficult cases like this, where negative results 
frequently lead to court action, it is good to know 
of such extraordinary measures for saving a limb. 

C. Postoperative Treatment 
of Complications 

I. Compartment Syndrome (see p. 638). 

If reconstruction or recanalization of an artery is 
postponed, a postischemic compartment syndrome 
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may develop which absolutely requires treatment 
(see p. 638). 

ll. Surgical Management of Recurrent Occlusions 

After successful removal of an acute arterial ob
struction, accurate postoperative clinical monitor
ing is necessary. This implies checking the pulse 
several times a day, Doppler ultrasonographic 
blood pressure measurement, calculation of the 
Doppler index, and in some cases pulse curve re
cordings from the hands or feet. If the postopera
tive condition of the patient deteriorates and there 
is clinical evidence of recurrent occlusion present
ing the same symptoms as primary occlusion -
which may be mitigated if thrombosis develops 
slowly - the operating area must be reexplored 
(after angiography). 

Causes of recurrent occlusion may be the fol
lowing: 

1. A reembolism, which may occur in the same 
vessel again and again in the case of arterioar
terial emboli, and also cardiogenic emboli 
under certain hemodynamic conditions 

2. Recurrent thromboses as a consequence of 
technical errors, e.g., thromboses, suture line 
stenoses, and injudicious application of the Fo
garty catheter or ring stripper with subsequent 
injury to the intima 

3. Inadequate anticoagulation 

General anesthesia is preferred in reoperation of 
thrombotic occlusions since the general condition 
of the patient is usually poor. The operating area 
is reexposed, the vessel reopened, the obstruction 
removed using the standard technique, and the re
sults of recanalization evaluated by intraoperative 
angiography. The rearteriotomy should be closed 
with a small vein patch to avoid stenosis at the 
suture line. Another alternative is to construct an 
orthotopic or extra-anatomic bypass if the oc
cluded segment of the artery cannot be recana
lized. 

Multiple recurrent embolisms at the same or 
at different sites should impel the surgeon to look 
for an embolic source and eliminate it. 

ill. Elimination of the Embolic Source 

In cardiogenic embolisms, a cardiologist or cardio
vascular surgeon should be consulted in order to 
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evaluate the possibility of removing the embolic 
source, which may be an atrial thrombus or a 
thrombus adhering to an aneurysm of the cardiac 
wall. If the problem cannot be solved in such a 
manner, the patient must receive anticoagulants 
or antiplatelet drugs for the rest of his life. 

Proximal aneurysmal or ulcerated arterial wall 
lesions should, of course, be eliminated. The diag
nosis of an abdominal aortic aneurysm can be con
firmed by ultrasonography immediately after sur
gery. Proximal lesions of the aorta are detected 
by computed tomography and, of course, angiog
raphy. Poststenotic aneurysms in the thoracic out
let syndrome or in an arteriosclerotic popliteal an
eurysm (comparison with the contralateral side is 
very important) are diagnosed by angiography. 
Surgical intervention is indicated in each of these 
cases. 

IV. Wound Infection 

The risk of deep wound infection is relatively small 
since no alloplastic material is used and no large 
wounds need to be created for removal of an acute 
arterial obstruction. Infection is rare if the rules 
of asepsis are observed. No antibiotics are admin
istered prophylactically, except in septic embo
lisms. If a grade III deep infection does occur 
(danger of hemorrhage following arterial arro
sion), the standard surgical techniques are applied, 
such as irrigating and drainage systems, coverage 
with omentum flaps, or extra-anatomic bypass 
grafting (see p. 167ff.). 

v. Amputation 

If all attempts at reconstruction of an acute arteri
al obstruction fail, the only alternative remaining 
is limb amputation. It is indicated and necessary 
in the following conditions: 

1. Manifest gangrene. 
2. If a compartment syndrome is not diagnosed 

and treated early enough, this complication 
leads to extensive skin and muscle necroses, 
even though the artery may have been revascu
larized properly. Proximal amputation is al
most unavoidable in such cases. 

3. Agonizing resting pain, without manifest gan
grene, following incomplete thrombectomy 
may become intolerable and make amputation 
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necessary after all secondary reconstructive at
tempts and conservative treatment have failed 
(e.g., diabetic microangiopathy). 

4. A relative indication for limb amputation may 
be severe postischemic syndrome with anuria. 

Special indications and the technique of amputa
tion are presented on p. 630. 
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17.1 Aortoiliac Occlusive Disease 
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The aorta passes through the diaphragm together 
with the thoracic duct at the level of the 12th thor
acic vertebra. It descends in the retroperitoneal 
space in front of the spine, splitting into the two 
iliac arteries at the level of the 4th lumbar vertebra, 
slightly to the left of the midline. 

The left renal vein crosses the aorta at the level 
of the origins of the renal arteries. It rarely passes 
behind the aorta. Sometimes, it forms a loop which 
surrounds the aorta entirely (Fig. 17.1). 

The abdominal aorta is subdivided into a su
prarenal and an infrarenal segment. The suprare
nal segment has a diameter of 24 ± 4 mm in men 
and 21 ± 3 mm in women. The infrarenal segment 
becomes narrower as it descends, and at the bifur
cation it has a diameter of only 19±3 mm in men 
and 17 ± 2 mm in women. 

One must pay special attention to the inferior 
vena cava during preparation of the infrarenal aor
ta. It lies directly next to the aorta on the right 
side and may sometimes, though rarely, present 
topographical anomalies [7]. It may be doubled, 
cross the aorta proximally and pass over to the 
left side, or change its position entirely, as in 
visceral inversion (see p. 365). 

In this region the aorta has several more or 
less constant branches: four pairs of lumbar arter
ies arising on its dorsal side, which makes it diffi
cult to control bleeding when these arteries are 
injured. Also, when dissecting behind the aorta, 
one must be careful not to injure any of the four 
left lumbar veins crossing posteriorly. They have 
very thin walls and are rather large. 

The most important uneven branch of this aor
tic segment is the inferior mesenteric artery, which 
arises from the lower third of the infrarenal aorta, 
slightly to the left of the midline, and supplies the 
left half of the colon. This branch should be pre
served whenever possible. Yet, if it is injured, reim
plantation is unnecessary as long as Riolan's anas
tomosis permits adequate collateral blood flow 
supplied by the superior mesenteric artery [8]. Visi
ble pulsations of the marginal arcades of the sig
moid colon and strong back bleeding from the 
stump of the accidentally divided inferior mesen
teric artery are good evidence of sufficient perfu
sion of the left colon [9]. 

The pole arteries, which are accessory renal ar
teries and may be encountered in some patients, 
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Fig. 17.1.1. Anomalies of the vena cava and the renal 
veins 

are important for supply of renal tissues and there
fore must always be preserved. If necessary, they 
must be reimplanted into the aorta or into a by
pass graft. In this context, the horseshoe kidney 
deserves to be mentioned again. This anatomic 
variation covers the terminal segment of the aorta 
down to the bifurcation with its parenchymal isth
mus. 

Finally, a small variable branch, the presacral 
artery, arises from the aortic bifurcation. 

Both iliac arteries separate into the larger exter
nal iliac artery and the smaller internal iliac artery 
at the level of the iliosacral joint. It is at this point 
that the ureter crosses these vessels, running along 
the upper margin of the small pelvis to the bladder. 
The internal iliac artery gives off parietal and 
visceral branches. The most important of these 
branches are the medial hemorrhoidal artery, 
which supplies the lower portion of the rectum, 
and the internal pudendal artery, the terminal 
branches of which supply the corpora of the penis. 
The external iliac artery runs medial to the ilio
psoas muscle, entering the lacuna vasorum under 
the inguinal ligament, after giving off the inferior 
epigastric artery and the deep circumflex iliac ar
tery. These vessels and their concomitant veins are 
easily injured when a synthetic prosthesis is pulled 
down to the groin (e.g., in an aortofemoral by
pass), they can be the source of massive hemor
rhage. 

The iliac veins enter the inferior vena cava at 
the level of the aortic bifurcation. The iliac veins 
run dorsal to the common iliac arteries, remaining 
in close contact on the right side. During circum
ferential dissection of these arteries and passage 
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of tapes around them, the danger of injuring the 
veins is great. 

Of special anatomic importance is the sympa
thetic superior hypogastric plexus which is respon
sible for ejaculation in the sexually active male. 
This plexus is formed from two cords meeting at 
the level of the aortic bifurcation, which them
selves arise on both sides of the abdominal aorta 
from visceral branches of the lumbar sympathetic 
chains. Its 1-cm-wide network lies over the left 
common iliac artery and runs across the common 
iliac vein to the promontorium, and from there 
to the mesorectum to form the lumbar sympathetic 
root of the pelvic plexus. The entire plexus forms 
a membrane, adhering tightly to the peritoneum 
embedded within the subperitoneal tissue distal to 
the origin of the inferior mesenteric artery. It can 
be easily palpated. 

B. Indications for Surgery 

I. Etiology 

Arteriosclerosis is the major cause of occlusive ar
terial disease within the aortoiliac region in 90% 
of all cases. Endangiitis obliterans is rarely found. 
This disease more often affects the distal arteries. 
Other causes, such as primary idiopathic thrombo
sis (occurring in familial hyperlipidemia), postem
bolic occlusion, post-traumatic occlusions, or the 
extremely rare congenital stenoses and aplasias, 
are present in only a very small number of cases. 

Although arteriosclerosis does not observe any 
anatomic boundaries, in practice, stenotic lesions 
are usually limited to the infrarenal aortic segment 
and the iliac arteries. Arteriosclerotic obstruction 
usually increases distally. Its main point of concen-
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tration lies in the area between the origin of the 
inferior mesenteric artery and the bifurcation. The 
proximal portion of the infrarenal segment is usu
ally not so severely diseased and therefore suited 
for the proximal connection of a bypass graft. 

II. Typical Types of Obstruction 

Aortoiliac arterial occlusions may be classified 
morphologically into four different types 
(Fig. 17.1.2). The most common, type I occlusions, 
are one- or two-sided segmental occlusions in the 
iliac arteries or infrarenal aorta. Isolated short 
stenoses just above the bifurcation are commonly 
found in women with congenital disorders of lipid 
metabolism or with small, thin vessels. 

In type II disease, multiple stenoses and occlu
sions are found in both iliac arteries and in the 
aorta. 

) ~ 

Fig. 17.1.2. typical forms of aortoiliac occlusive disease 
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Type III shows lesions limited to the area sur
rounding the bifurcation. 

The "Leriche syndrome" is a complete occlu
sion of the aortic bifurcation. 

Finally, type IV is a proximal aortic occlusion 
in which the infrarenal segment of the aorta is 
obstructed all the way up to the renal arteries. 
This proximal aortic occlusion is usually caused 
by appositional thrombi forming within this seg
ment just as in the Leriche syndrome. 

Type I and type III are best suited for endarter
ectomy. Type II and type IV should always be 
revascularized with a bypass graft, for which a 
bifurcation prosthesis is usually chosen. It must 
be borne in mind that angiographic presentation 
of type I and III lesions always gives a more favor
able impression of the situation within the diseased 
arteries, especially if the pictures offer only an an
teroposterior view. In reality, the arteriosclerotic 
segments of the patent vessel frequently turn out 
to be longer than one might have expected on the 
basis of preoperative angiograms. Therefore, only 
a few patients with type I and type III aortoiliac 
occlusive disease will benefit from endarterectomy 
alone. 

ill. Indications and Clinical Stages 

The indication for surgery depends on the clinical 
picture of symptoms, the localization and exten
sion of arterial occlusions, the general condition 
of the patient, and the accompanying risk factors. 

There is only a relative indication for surgery 
in patients with disease of stage II (according to 
FONTAINE). Subjective symptoms of the patient 
and the degree of disability in everyday life must 
be weighed against eventual risk factors. Once 
stages III and IV are reached, preservation of the 
limb has priority. This means that in stage II, opti
mal surgical conditions can be achieved by inten
sive preparation of the patient, whereas in stages 
III and IV, the procedure must be performed in 
spite of risk factors that are present. In particular, 
we require that obese patients in stage II undergo 
drastic weight reduction as a precondition for sur
gery. 

We think that good long-term results (over 80% 
of all reconstructions are still patent after 1 0 years) 
and acceptably low operative mortality (2%-5%) 
permit more aggressive surgical management of 
aortoiliac occlusive disease [1, 2, 5]. By contrast, 
we are much more restrictive in the surgical treat
ment of femoropopliteal occlusive disease. 
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In multilevel occlusions, vascular reconstruc
tion is always begun proximally and then contin
ued downward. If stenoses of the aortoiliac seg
ment are present simultaneously with occlusive 
disease of the femoropopliteal segment, the rele
vance of these stenoses must be determined by an
giographic examinations in two planes, Doppler 
ultrasonography with calculation of the pUlsatility 
index, and pressure or flow measurements. 

Reconstruction of the aortoiliac segment with 
profunda revascularization often suffices to save 
the limb [13, 15]. Since 1980, we have been treating 
short segmental stenoses of the iliac arteries with 
transluminal dilatation under local anesthesia (see 
p. 123). If such a stenosis is combined with a fem
oropopliteal occlusion, simultaneous dilatation (of 
the iliac artery) and operative reconstruction (of 
the femoropopliteal segment) have proven to be 
very successful. 

c. Positioning 

The patient is placed in a normal supine position 
with elevation of the pelvis for all reconstructive 
procedures done on the aortoiliac segment. The 
operating table may be slightly rotated toward the 
surgeon on the right side, which permits him to 
obtain better access to the aorta lying deep within 
the abdomen. The operative field is prepared and 
draped from the nipples to the middle of the thigh. 
In multilevel occlusions with additional recon
struction of the femoral arteries, the corresponding 
limb must also be prepared and draped down to 
the ankled joints. A folded towel is placed over 
the genital region. Towels covering both groins are 
held in place by a transparent adhesive covering. 

D. Surgical Approach 

The following incisions can be made in aortoiliac 
reconstructions: 

Transperitoneal approach: 
1. Large median incision from the xiphoid process 

to the symphysis pubis, passing the umbilicus 
on the left side. 

2. Paramedian incision on the left side. 
3. Transverse infraumbilical laparotomy of the 

lower abdomen (especially suited for isolated 
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Fig. 17.1.3. Incisions 
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pararectal----!-----.../ 

incision 

obstructions at the bifurcation in slim patients) 
(Fig. 17.1.3). 

Extraperitoneal approach: 
1. Lateral gridiron incision on the right or left 

side. 
2. Right or left pararectal incision. 

If necessary, exposure of the femoral bifurcation 
is achieved in the standard way, using a longitudi
nal incision beneath the inguinal ligament, lateral 
to the main lymphatic vessels. Extension of such 
an incision upward with division of the inguinal 
ligament to expose the iliac vessels is an exception. 

E. Technique of Exposure 

I. Transperitoneal Exposure 
of the Infrarenal Aorta 

Mter dividing the peritoneum, all abdominal or
gans are explored to exclude other diseases (e.g., 
carcinoma of the colon). The transverse colon is 
reflected upward and the entire small bowel, en
cased down to its mesenteric root in a moist towel, 
is mobilized and reflected onto the lateral wall of 
the abdomen. In very slim patients, the small bow-
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Transverse colon 

a 

R'ght and 
lefl ure er 

el may be left in the abdomen and simply pushed 
over to the right. 

We open the retroperitoneum, starting at the 
duodenojejunal flexure, and extend the incision 
down the aortic bifurcation. To facilitate later clo
sure of the retroperitoneum, the incision is made 
at least 1 cm away (left side) from the flexure 
(Fig. 17.1.4a). The anterior wall of the aorta is 
exposed by dissecting the preaortic lymph nodes 
and fat tissue off the front surface. Hemostasis 
is performed by electrocoagulation. 

Further dissection is directed along the left lat
eral wall of the aorta, keeping just above the ad
ventitia. The origin of the inferior mesenteric ar
tery is visualized and tapes are passed around it. 
During dissection along the right lateral aortic 
wall, one must take care not to injure the inferior 
vena cava lying alongside the aorta in close contact 
with it. If open disobliteration of the aorta is 
planned, tapes must also be passed around the 
lumbar arteries branching off laterally. The lum-
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Fig. 17.1.4. a Transperitoneal approach to the infrarenal 
aorta, division of the retroperitoneum. b Extraperitoneal 
approach to the infrarenal aorta and left iliac artery 

bar veins accompanying the arteries should not 
be injured during this maneuver. 

We always dissect the aorta free until we reach 
the crossing left renal vein. Only if the aortic occlu
sion extends further proximally are tapes placed 
around the vein. The vessel can then be carefully 
pulled upward for better access to the aorta. The 
left suprarenal vein (cranial) and the ovarian or 
spermatic vein (caudal) must be preserved 
(Fig. 17.1.4a). The inferior mesenteric vein, which 
runs further laterally on the left, may sometimes 
be divided between two ligatures to gain space. 

Following preparation of the anterior aortic cir
cumference, blunt Overholt clamps are carefully 
manipulated beneath the aorta from the right side. 
Rubber tubing is held between the tips of the 
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clamps and passed around the dorsal wall of the 
aorta. This maneuver is always done as far proxi
mal as possible, staying just below the renal arter
ies. If the aortic occlusion extends higher up, su
prarenal preparation of the aorta is performed cra
nial to the crossing left renal vein. We do not pass 
tapes around the aorta if inflammatory processes 
impede dissection or if quick control of the aorta 
is necessary in an aneurysm. Dissection on both 
sides of the anterior aortic wall beneath the origins 
of the renal arteries produces enough space to 
place a strong vascular clamp on the aorta with 
its tips reaching the spine, thus permitting secure 
closure even without previous mobilization or 
placement of tapes. 

ll. Transperitoneal Exposure of the lliac Arteries 

Access to the right iliac bifurcation is gained after 
incising the parietal peritoneum and mobilizing the 
cecum cranially. We incise the peritoneum over 
the palpable vessels. Tapes are passed around the 
common iliac artery and external iliac artery. Trac
tion on these tapes exposes the internal iliac artery 
and permits careful freeing of this vessel from the 
iliac vein which runs beneath it. Tapes are also 
passed around the internal iliac artery. 

The left iliac bifurcation is also exposed by in
cising the parietal peritoneum following mobiliza
tion of the sigmoid colon and the mesosigmoid. 
The hypogastric plexus must be preserved when 
dissection is performed near the left common iliac 
artery. Of course, on both sides the ureter, which 
crosses the vessels, must be left unharmed. 

ID. Extraperitoneal Exposure 
of the Infrarenal Aorta 

A left pararectal incision is best suited for wide 
extraperitoneal exposure of the infrarenal aorta. 
A gridiron incision can be used as an alternative 
approach in slim patients. It causes less trauma 
to the abdominal wall (Fig. 17.1.4b). The peritone
al sac is mobilized by blunt dissection and reflected 
medially. Ureter and ovarian vessels must remain 
attached to the peritoneal sac. Mter division of 
the inferior mesenteric artery, the aorta may be 
exposed by blunt dissection as far as the crossing 
left renal vein. 

This approach, first described by ROB, is suppo
sedly better tolerated by the poor risk patient and 
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is supposedly associated with fewer postoperative 
complications [18]. We believe that this approach 
does not permit good exposure of the region, 
especially of the contralateral (i.e., the right) iliac 
artery. The situation is even worse in obese pa
tients. Another argument against this approach is 
that it does not allow exploration of the intra
abdominal organs. In the last few years we have 
preferred the transperitoneal approach, at least for 
the construction of bifurcation bypases. Extra-an
atomic bypass may be recommended as an alterna
tive in poor-risk patients. 

IV. Extraperitoneal Exposure of the lliac Arteries 

Isolated occlusions in the iliac arteries may be re
paired by wide extraperitoneal exposure through 
a right or left pararectal or gridiron incision. 

Preparation and mobilization of the peritoneal 
sac is performed in a cranial to caudal direction 
by carefully separating it from the transverse fas
cia. The transverse fascia ends caudad to the semi
lunar line. This fact must be considered when free
ing the peritoneal sac from the transverse fascia 
in order not to accidentally open the very thin 
peritoneum below that line. Control and clamping 
of the aortic bifurcation does not usually cause 
any difficulties. 

v. Retromesenteric Approach 
to the Aortic Bifurcation 

To avoid impotence of a greater or lesser degree 
in younger patients undergoing surgery on the aor
toiliac segment, THETTER has recently recom
mended the retromesenteric approach to the aortic 
bifurcation [23] (see p. 187ff.). 

Following laparotomy, the sigmoid colon is 
pulled in a ventrocranial direction exposing the 
junction between the mesenteric and parietal peri
toneum. Mter division of the peritoneum medial 
to the left ureter, the superior hypogastric plexus 
can, by continuous traction on the sigmoid colon, 
be gradually freed from the underlying tissue in 
one piece, together with the sigmoid arteries. The 
neurovascular arch produced in this way forms 
a bridge between the inferior mesenteric artery and 
the back wall of the rectum. Dissection may be 
performed beneath it in a transverse direction from 
left to right without injuring the plexus. This pro
cedure permits good visualization of the aortic bi
furcation. 
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The superior hypogastric plexus can also be dis
sected free from the aortic bifurcation in a retro
peritoneal approach by carefully pushing the peri
toneal sac out of the way. However, this maneuver 
is technically more difficult and exposes only the 
junction between the aorta and the iliac artery, 
since dissection is limited cranially by the lumbar 
root of the plexus, which runs ventrally [22]. 

F. Reconstructive Procedures 

I. Endarterectomy 

In thromboendarterectomy, the arteriosclerotic 
plug is either removed openly, i.e., under direct 
vision, using a dissector, or stripped out with a 
ring stripper in a semiclosed procedure that fol
lows the principle "from bifurcation to bifurca
tion" (VOLLMAR) [27, 28]. A prerequisite for suc
cessful disobliteration, however, is the develop
ment of an adequate cleavage plane either between 
the media and the internal elastic layer or in the 
outer portion of the media within the external elas
tic layer. Calcifying arteriosclerotic disease which 
penetrates all layers of the wall is not suited for 
this type of revascularization. 

The method is preferred in short segmental oc
clusions in younger patients. The procedure is 
technically more difficult, more time-consuming, 
and has more potential complications (early 
thrombosis!) than a bypass operation. Open 
thromboendarterectomy is suited for segmental 
occlusions of the common iliac artery. For good 
development of the proximal cleavage plane, the 
aortic bifurcation must be dissected free. We find 
it especially important to obtain a good view of 
the origin of the contralateral common iliac artery 
to avoid dissecting into this vessel. The distal end 
of the arteriotomy continues on into the external 
iliac artery to obtain good exposure of the origin 
of the internal iliac artery and for control of the 
distal end of the thromboendarterectomized seg
ment, which should show a smooth transition to 
the non-diseased distal portion of the artery [16, 
27,28]. 

Occlusions of the internal iliac artery are re
lieved in younger patients for prevention or treat
ment of impotence. 

We close the arteriotomy with a patch graft. 
In our opinion, direct suture is justifiable only in 
very ectatic vessels. If the arteriotomy is extended 
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to the internal iliac artery, a patch must be tailored 
to fit the Y -shaped incision. 

Segmental stenoses and occlusions at the aortic 
bifurcation (type III, see Fig. 17.1.3) are some
times also revascularized by open thromboendar
terectomy. Some authors (VAN DONGEN) recom
mend this procedure for primary treatment, 
especially in younger patients, although it requires 
more effort and time than bifurcation bypass [26]. 
This procedure is usually done using a transperi
toneal approach. Both common iliac arteries are 
exposed, with careful preservation of the superior 
hypogastric plexus, as described earlier. Closure 
of the arteriotomy is accomplished by sewing a 
tailored synthetic patch graft, shaped like an in
verted Y, to the margins of the incision. 

We revascularize occlusions and stenoses of the 
external iliac artery according to the morphologi
cal extension of the occlusion. We often find in
traoperatively that the arteriosclerotic lesions are 
worse than we anticipated from preoperative eval
uation of angiograms taken in only one plane. 
Some operations which began with disobliteration 
of the artery often ended in construction of a by
pass. 

Today, we first perform percutaneous translu
minal dilatation for short stenoses and occlusions 
of the external iliac artery. In widespread occlu
sions which obviously end distal to the iliac bifur
cation, we still prefer the retrograde, closed 
"blind" endarterectomy with the ring stripper. 
This procedure is performed through an arteriot
omy that begins in the common femoral artery 
and extends to the superficial femoral artery. If 
there is any doubt about the proximal end of the 
disobliterated arteriosclerotic core, or if antero
grade flow is not fully restored following this ma
neuver, the iliac bifurcation must then be exposed. 
An arteriotomy at the iliac bifurcation will visual
ize the proximal end of the inner core cylinder. 
Retrograde endarterectomy may then be contin
ued as a semiclosed thromboendarterectomy, 
which usually achieves satisfactory revasculariza
tion. 

Because of the constant danger of perforation, 
retrograde endarterectomy should always be left 
to an experienced surgeon. As a rule, a large area 
should always be prepared and draped to allow 
quick exposure of the aorta and the iliac artery 
in an emergency. The anesthesiologist must moni
tor pulse and blood pressure during every phase 
of the operation (shock symptoms in instrumental 
perforation I). 
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Fig. 17.1.5. Technique of retrograde ring disobliteration 
of the external iliac artery (schematized). Superficial 
femoral artery and profunda femoris artery are clamped 
distally; clamps are not drawn 

In retrograde endarterectomy it is especially im
portant to advance the ring stripper in the up
stream direction with constantly rotating spiral 
movements while simultaneously pulling on the 
dissected inner core cylinder. If the core does not 
tear smoothly at the anticipated level, it must be 
sharply cut with the cutting ring and retrieved by 
means of a Fogarty catheter (Fig. 17.1.5). 

Nevertheless, wi:th this technique an adequate 
anterograde flow can be restored in most older 
poor-risk patients without having to open the ab
domen or the retroperitoneum. Essential to the 
success of retrograde disobliteration is an experi
enced surgeon with a "delicate touch. " The strip
ping procedure should never be forced. 

After disobliteration, the arteriotomy is closed 
with a synthetic patch graft, which should not be 
too wide. This would cause turbulence that might 
lead to early thrombosis. 

When using an elastic Dacron patch, the mate
rial should be sutured to the vessel under tension. 
This does not pertain to PTFE material, which 
must be very precisely tailored to the opening. 

A double synthetic suture (size 5-0) is used to 
sew the patch continuously onto the artery. We 
start at the proximal corner of the arteriotomy 
and suture the side away from the surgeon first. 
After reaching the distal corner, the side toward 
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Fig. 17.1.6. Suture technique and position of the thread 
during sewing ofthe patch graft onto the artery (schema
tized); Clamps are placed proximal and distal to the 
arteriotomy; in order to save space, they are not shown 
here 

the surgeon is sutured from both ends to the mid
point, where it is tied (Fig. 17.1.6). The assistant 
must keep the suture taut at all times to prevent 
dehiscence. The distance between the stitches de
pends on the size of the bites taken in the patch 
and the vascular wall. The stitch direction is al
ways from the patch to the vessel. 

II. Bypass Grafting 

A standardized procedure in occlusions and sten
oses of both sides of the aortoiliac segment is bifur
cation bypass. In unilateral occlusions, we rarely 
perform unilatenil aortofemoral or iliofemoral by
pass instead of disobliteration. 

We prefer the transperitoneal approach for the 
implantation of a bifurcation prosthesis since a 
wider exposure can be obtained. 

The proximal anastomosis should be con
structed as high up as possible, i.e., just caudad 
to the origin of the renal arteries. The anastomosis 
can either be performed end-to-end or end-to-side. 
Although hemodynamic considerations and prin
ciples favor an end-to-end anastomosis, a lengthy 
oblique end-to-side anastomosis (at least 4 cm) 
seems to be better for perfusion of the left colon 
and for blood supply to the branches of the inter-
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Proximal connection 
performed too far distally 

Aortic leg of the 
prosthesis too long 

Fig. 17.1.7. Typical errors in implantation of a bifurca
tion prosthesis 

Fig. 17.1.8. Technique of partial and complete aortic 
clamping 
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nal iliac artery, which are important for sexual 
function [17]. 

It is especially important to keep the proximal 
portion of the bifurcation prosthesis short. Other
wise, kinks may develop in the arms of the prosthe
sis, leading to unfavorable hemodynamic flow con
ditions within the graft (Fig. 17.1.7). 

The aorta is clamped proximally following 
standard exposure. For an end-to-side anastomo
sis, it suffices to place a straight clamp around 
the aorta, pointing downward at a slant. Partial 
clamping of the aorta with a Satin sky clamp is 
an alternative (Fig. 17.1.8). Prior to total aortic 
occlusion, 20 ml diluted heparinized saline solu
tion (1: 100) is instilled to prevent peripheral 
thrombosis (Fig. 17.1.10a). 

If an end-to-end anastomosis is to be con
structed, the distal aortic stump must be closed 
with a continuous 3-0 suture following transection 
of the aorta. If the lumbar arteries have been lacer
ated during transection of the aorta, they must 
be closed by sutures at their origin on the posterior 
aortic wall in order to stop back bleeding. 

To avoid unnecessary blood loss during clotting 
of the prosthesis, we draw 20 ml blood directly 
from the aorta before clamping it. The prosthesis 
is then preclotted with this blood while the arteriot
omy is being performed for the anastomosis 
(Fig. 17.1.9a, b). 

After opening the aorta and perianastomotic 
disobliteration with a dissecting blade, one must 
carefully flush the area with a 1: 100 diluted hepa
rinized saline solution. This maneuver is done to 
prevent peripheral embolization. This" disobliter
ation" should be limited to the removal of apposi
tional thrombi and soft cholesterol particles. Prop
er endarterectomy is hardly possible if the aorta 
is clamped tangentially. Moreover, it is dangerous 
(possible distal dissection!) (Fig. 17. 1.10 a-c) . 

After beveling the prosthesis, we perform the 
proximal anastomosis with a double 4-0 suture, 
starting at the proximal corner of the arteriotomy. 
The suture is begun on the side farther away from 
the surgeon and completed on the nearer side 
(Fig. 17.1.11). 

After completing the proximal anastomosis the 
prosthesis is flushed by briefly unclamping the aor
ta. Once the wall of the prosthesis has become 
blood tight through preclotting and leakage at the 
anastomosis has stopped, the graft is clamped just 
distal to the proximal anastomosis, and blood 
clots are removed from within the prosthesis with 
a glass suction tube (Fig. 17.1.12). 
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a 

Fig. 17.1.9a, b. PrecIotting of the prosthesis in a 20 ml 
syringe filled with blood 

a 
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The distal anastomoses may be constructed at 
the iliac bifurcation or at the femoral bifurcation 
by separate incisions performed in both groins. 
The exact site of the distal connection depends 
on the extension of occlusive arterial disease. V AN 
DONGEN recommends suprainguinal attachment of 
the prosthetic limbs. The prosthesis is connected 
to the distal portion of the iliac arteries directly 
from the peritoneal cavity or through a separate 
suprainguinal incision with division of the aponeu
rosis of the external oblique muscle, parallel to 
the inguinal ligament. Following transection of the 
crossing deep circumflex iliac veins and mobiliza
tion of the internal oblique abdominal muscle, the 
suprainguinal portion of the external iliac artery 
can be exposed. 

Access to additional arteriosclerotic lesions 
(stenotic origin of the profunda femoris artery) 
may be obtained by separate groin incisions or 
by distal extension of the incision. Disobliteration 
may then be performed. V AN DONGEN recom
mends combining a semiclosed endarterectomy 
with vein patch graft angioplasty because of the 
risk of infection (s. p. 440). We prefer bifemoral 
attachment of the prosthesis to the more extensive 
method of reconstruction as described by VAN 

Fig. 17.1.10a-c. Clamping of the aorta following heparin 
instillation, longitudinal aortotomy, and tailoring of the 
prosthesis 

\l 

o o 
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Fig. 17.1.11. Suture technique at the proximal end-to
side anastomosis 
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Fig. 17.1.12. Removing blood clots from the prosthesis 
by suction 

Fig. 17.1.13. Preparation of the retroperitoneal tunnel 
by blunt finger dissection along the course of the iliac 
artery 
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DONGEN. The rate of infection in our own patients 
remained under 1 %. 

Pulling the arms of the prosthesis downward 
into the inguinal region must be done with special 
care. Tunneling of the retroperitoneum is done by 
blunt finger dissection from above and below. The 
dissection is performed in the direction of the axis 
of the vessels, which are often calcified. Anterola
teral dissection along the main stem of the artery 
avoids injuring the iliac vein which runs medially. 
The ureter must remain ventral to the arm of the 
prosthesis. After digital tunneling has been com
pleted, a long forceps is introduced from below. 
The arm of the prosthesis is then grasped and 
pulled throughout without twisting it. Markings 
on the commercially available prostheses may help 
to align the prosthesis properly (Fig. 17.1.13a, b). 

An arteriotomy is then performed on the com
mon femoral artery. We extend the incision down 
to the origin of the profunda femoris artery so 
that both main arteries of the thigh are supplied 
by the limb of the prosthesis. In occlusions of the 
superficial femoral artery the arteriotomy is ex
tended to the origin of the profunda femoris artery 
to make patch graft angioplasty of this vessel pos
sible. We do not perform extensive disobliteration 
of the femoral bifurcation if only a dorsal plaque 
is present. 

After exact tailoring of the prosthesis, we con
struct the distal anastomosis, on the right side first, 
in an end-to-side fashion. The suture is started 
at the upper corner of the arteriotomy on the side 
farther away from the surgeon and completed in 
the middle of the nearer side (Fig. 17.1.14). 

The proximal and distal corners of the anasto
mosis are crucial for patency. If the sutures are 
not correctly placed at these sites, the run-in at 
the proximal corner may be constricted by the 
prosthesis. Leakage at this site following suture 
is very difficult to oversew. Narrowing of the run
off may occur at the distal corner. This may be 
worsened by supplementary sutures that may have 
to be added in order to stop leakage at that corner. 

Prior to completion of the distal anastomosis 
the central and right limbs of the prosthesis are 
flushed (the left limb is, of course, clamped proxi
mally). Retrograde flow through the distal anasto
mosis is checked by briefly unclamping the superfi
cial femoral artery and the profunda femoris ar
tery. 

After completion of the right distal anastomosis 
the proximal clamp is transferred to the left arm 
of the prosthesis, restoring blood flow to the right 
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Fig. 17.1.14. Suture technique at the distal end-to-side 
anastomosis 

Table 17.1.1. Steps during implantation of a bifurcation 
prosthesis 

1. Puncture of the aorta to obtain about 20 ml of non
heparinized blood. 

2. Temporary tailoring of the prosthesis - shortening 
of the aortic arm (if this is done under sterile condi
tions, the rest of the prosthesis can be used again 
as patch graft material in other procedures) . 

3. Preclotting of the prosthesis in a 20 ml syringe with 
the previously drawn blood. 

4. Clamping of the aorta. 
5. Peripheral heparinization. 
6. Aortotomy. 
7. Disobliteration of the aorta at the designated site 

of the anastomosis (being careful of embolization). 
8. Exact tailoring of the preclotted prosthesis. 
9. Suture of the central anastomosis. 

10. Brief flushing of the prosthesis for final clotting of 
the graft. 

11 . Clamping of the prosthesis distal to the anastomosis . 
12. Clearing the prosthesis of blood clots by suction 

- verification that prosthesis is completely free of 
clots. 

13. Preparation of the distal anastomoses. 
14. Tunneling of the retroperitoneum. 
15. Pulling the prosthesis through the tunnel. 
16. Preparation of the common femoral artery, final tai

loring of the prosthetic arms. 
17. Construction of the right distal anastomosis first. 
18. Flushing the right arm of the prosthesis and clamp

ing the other. 
19. Pulling the left arm of the prosthesis through the 

tunnel and connecting it to the common femoral 
artery. 
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Fig. 17.1.15. Operative procedure in an infrarenal aortic 
occlusion with temporary clamping of the renal arteries 
on both sides 

prosthetic leg. The left distal connection to the 
host artery is then established (Fig. 17.1.14). 

We cover the proximal anastomosis with a cuff 
of pedicled greater omentum to guard against an
astomotic complications (aortoduodenal fistula, 
anastomotic aneurysm) [25]. The retroperitoneum 
is then closed in two layers with a continuous ab
sorbable 3-0 suture. 

Table 17.1.1 summarizes each step during im
plantation of a bifurcation prosthesis. 

G. Infrarenal Aortic Occlusion 

Surgical management of an infrarenal aortic occlu
sion (type IV, Fig. 17.1.2) may vary considerably 
from case to case [4, 6, 19, 31]. Direct revasculari
zation with a bifurcation prosthesis makes prepa
ration of the aorta up to the suprarenal segment 
necessary. Dissection around the suprarenal aorta 
is facilitated by passing tapes around the left renal 
vein. We then also pass tapes around both renal 
arteries following exposure of the aorta in order 
to be able to clamp them briefly for proximal dis
obliteration. 

We begin by clamping the suprarenal aorta and 
both renal arteries and then perform an aortot
omy, which is extended upward about 2- 3 cm 
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above the origins of the renal arteries. The aorta 
is locally dis obliterated with a dissector and an 
Overholt clamp. It is usually thrombotic material 
that is removed. Both orifices of the renal arteries 
can be viewed directly from the inside, and loose 
clots obstructing the lumina can be removed. 

Following continuous suture of the proximal 
portion of the aortotomy, the clamps are trans
ferred to the infrarenal aorta. This maneuver re
stores blood flow to the renal arteries. Then, the 
end-to-end or end-to-side anastomosis with the bi
furcation prosthesis may be constructed according 
to the standard technique (Fig. 17.1.15). 

We recommend direct reconstruction of an in
frarenal aortic occlusion only in younger, not too 
obese patients since exposure of the region is diffi
cult and there is increased risk of renal injury. An 
extra-anatomic procedure (axillobifemoral bypass) 
is preferable in older, obese, or poor-risk patients 
[3]. 

H. Surgical Reintervention 

The type of surgical reintervention depends on the 
type of primary operation. For example, a trans
peritoneal approach is recommended in cases 
where a thromboendarterectomy performed using 
an extraperitoneal approach is postoperatively 
complicated by recurrent occlusion. 

In unilateral recurrent occlusions with an un
operated contralateral side, disobliteration or by
pass grafting of the untouched side can create fa-
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v-orable conditions for crossover revascularization 
of the reoccluded, previously corrected artery [29]. 

If the procedure must be done by the same sur
gical approach, we strongly recommend splinting 
the ureters with ureteral catheters since the danger 
of injuring the ureters is especially high in reinter
ventions at the aortoiliac level. 

Basically, one must stress that the surgeon al
ways encounters considerable technical difficulties 
in these reinterventions. Therefore, extra-anatomic 
procedures are preferable in doubtful situations 
(see p. 545). 

I. Complications 

I. Intraoperative Complications 

1. Venous Injury 

If hemorrhage occurs from the vena cava or the 
lumbar veins as the aorta is dissected free, bleeding 
sites should first be controlled by direct digital 
compression. Gentle compression (venous pres
sure is low - fragility of the venous wall high) 
almost always stops venous hemorrhage. The 
bleeding site can then be exactly localized and li
gated directly with 5-0 or 6-0 sutures. Eager suck
ing away of blood and blind clamping within a 
pool of blood very quickly leads to high blood 
losses. Lacerations of the vena cava may be 
clamped tangentially without problems. The defect 
can then be repaired unhurriedly and under direct 
vision. 

Circumferential dissection and mobilization of 
the common iliac artery may very easily lead to 
injury of the iliac vein which is in very close con
tact with the artery. If the maneuvers mentioned 
do not arrest bleeding, the artery must be tran
sected, dissected free proximally and distally, and 
the venous defect carefully repaired. The divided 
artery is then reconnected by direct end-to-end 
anastomosis. 

2. Injuries of the Lumbar Arteries 

Circumferential dissection and mobilization of the 
aorta can lead to injury of the lumbar arteries. 
Bleeding from these vessels may usually be stopped 
by suture ligation on the lateral aspect of the aorta. 
If bleeding continues, the aorta must be temporari
ly clamped proximally and then completely tran-
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sected to obtain access to the bleeding sites on 
the back wall. One may continue the procedure 
by constructing an end-to-end anastomosis with 
the aortic limb of the graft and not reconnecting 
both aortic stumps. However, such bleeding can 
usually be brought under control by exact suture 
ligation. 

3. Intraoperative Injury to the Intestine 

The danger of intraoperative injury to the intestine 
with opening of the intestinal lumen exists during 
preparation of the proximal aorta at the duodeno
jejunal flexure. This complication is very rare. If 
the small bowel is accidentally opened at that site, 
the defect must immediately be oversewn in two 
layers. If the retroperitoneum has been extensively 
contaminated, an alloplastic prosthesis should not 
be implanted immediately, but postponed until a 
later date. In stage III or IV disease, an extra
anatomic bypass may serve as an alternative. 

Perioperative antibiotic prophylaxis should al
ways be carried out when alloplastic material is 
implanted, even without intraoperative intestinal 
injury [25]. 

4. Division of the Ureter 

If the ureter is accidentally transected, it is reanas
tomosed end-to-end over an 8 Charrii~re silicone 
ureter catheter. An oblique anastomosis is per
formed with an absorbable 4-0 suture. 

5. Complications Due to the Prosthesis 

The aortic limb of the prosthesis must be short 
enough to prevent kinking at the limbs of the pros
thesis with resultant impairment of flow to the 
distal arteries (see Fig. 17.1.9). When the limbs of 
the prosthesis are placed in the tunnel, special at
tention must be given to their length; if a limb 
is too long or too short, there will be tension on 
the anastomosis. Finally, the twisting of a limb 
will lead to immediate occlusion; this can generally 
be avoided by observing the markings on the pros
thesis. Should an occlusion occur in this way, a 
new unilateral bypass must be implanted, or revas
cularization must be achieved by constructing a 
crossover bypass from the patent side to the oc
cluded vessel [3, 29]. 
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II. Late Complications 

1. Stenoses of the Ureter 

Causes of stenoses of the ureters following pros
thetic reconstructions at the aortoiliac level in
clude: improper position of the ureter between the 
vessel and the prosthesis, postoperative hematoma 
or lymphoma, and prosthetic infections or trophic 
lesions of the ureteral wall [2, 10, 12, 14, 30]. If 
the ureter lies between the prosthesis and the ves
sel, the method of choice is transection of the pros
thesis and reanastomosis behind the ureter. 

In ureteral lesions with extravasation of urine, 
infection of the prosthesis usually develops. In 
such cases, nephrectomy is unavoidable since re
anastomosis of the graft is not possible. 

Stenoses of a lesser degree may often be relieved 
by splinting the ureter for a longer period of time. 
Some authors recommend intraperitonealization 
of the ureter in widespread retroperitoneal fibrosis. 

2. Anastomotic Aneurysms 

Anastomotic aneurysms following prosthetic re
construction at the aortoiliac level are seen in 3% 
of all cases after 3-15 years. The causes are degen
erative changes within the host artery or too exten
sive local thromboendarterectomy at the site of 
primary anastomosis. Suture disruption, often dis
cussed in the past, is no longer relevant since the 
introduction of modem suture materials. Mechan
ical strain on the prosthesis in the groin is certainly 
an important pathogenic factor. Local infection 
may also play an important role in causing patho
logic dilatation [11, 24]. 

Repair of such aneurysms is urgently indicated 
if they have enlarged considerably in size within 
a short period of time or if free rupture has oc
curred. However, ruptures are rather rare. Instead, 
local thrombosis with symptoms of acute occlu
sion or with embolization into distal arteries is 
common. 

Surgical exposure of an anastomotic aneurysm 
is often difficult, owing to the considerable growth 
of scar tissue within the area. Sometimes, not all 
branches can be visualized so that Fogarty cathe
ters must be introduced to provide intraluminal 
blockage for control of hemorrhage. The aneu
rysm is usually resected and replaced by a new 
alloplastic interposition graft. Aneurysmorrhaphy 
is only indicated if the defect is very strictly local
ized and the suture material clearly shows a flaw 
(see p. 173). 
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K. Simultaneous Procedures 

In transperitoneal surgery, careful exploration of 
the abdominal organs is always performed first; 
if pathological changes are encountered, surgical 
plans must be modified accordingly. For example, 
if a stenosing carcinoma of the colon is found in 
a patient with stage II occlusive arterial disease, 
we recommend operating on the colon tumor first 
and postponing vascular reconstruction. 

If the patient suffers from gallstones, a chole
cystectomy may be performed following vascular 
reconstruction and secure closure of the retroperi
toneum. 

We never perform an appendectomy for fear 
of contamination with intestinal bacteria. 

Lesions of the female gonads such as ovarian 
cysts, should, however, be removed if this is possi
ble without too much effort. 
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A. Special Anatomy 

I. The Femoropopliteal Segment (Thigh) 

The femoropopliteal segment consists of the cau
dal portion of the external iliac artery, the com
mon femoral artery with its division into the pro
funda femoris artery and superficial femoral ar
tery, and the popliteal artery down to the trifurca
tion in the lower leg. 

The external iliac artery is the continuation of 
the common iliac artery and runs on the medial 
side of the greater psoas muscle down to the in
guinal ligament. Before entering the lacuna vaso
rum, it gives off two branches beneath the inguinal 
ligament: the deep circumflex iliac artery and the 
inferior epigastric artery curving upward on the 
inside of die abdominal wall to the crest of ilium. 

The common femoral artery is the extension of 
the external iliac artery distal to the inguinal liga
ment. At first it runs superficially beneath the fas
cia of the thigh and then passes through the ilio
pectineal fossa behind the sartorius muscle. Along 
its 1-6 em course, until separating into the profun
da femoris artery and superficial femoral artery, 
it gives off three main branches: the superficial 
circumflex iliac artery and the superficial epigastric 
artery run to the anterior abdominal wall, the ex
ternal pudendal artery to the genital region. 

The superficial femoral artery runs in the groove 
between the vastus medialis muscle and the adduc
tors, passing under the sartorius muscle into the 
popliteal fossa. The artery is about 30 cm long and 
gives off only very small branches. The most im
portant collateral vessel, the descending genicular 
artery, penetrates the vastoadductor membrane 
and descends on top of it to the knee joint. The 
profunda femoris artery has about the same diam
eter as the superficial femoral artery. The main 
stem arises on the lateral side of the common fem
oral artery in 48%, on the dorsal side in 40%, 
and medially in 10%. Occasionally, it has already 
branched as it arises from the common femoral 
artery. In an occlusion of the superficial femoral 
artery, the profunda femoris artery lines up in the 
direction of the common femoral artery, leading 
to enlargement of its diameter. It supplies the thigh 
muscles and thigh bones (medial and lateral cir
cumflex arteries, perforating arteries I-III) and is 
the most important collateral vessel for the circum
vention of femoral occlusions. The collaterals of 
the profunda circulation reach the first and second 
segments of the popliteal artery (recipient seg
ment). 

The popliteal artery lies on the flexor side of 
the knee, medial to the vein and nerve, extending 
down to the soleus arch where it separates into 
the lower limb arteries. It is usually about 12-
18 cm long and gives off various small branches 
which together form a fine vascular network (vas
cular network of the knee joint). This collateral 
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circulation is not adequate to maintain perfusion 
of the lower leg when the popliteal artery is ligated 
(amputation rate 38%-72.5%). 

ll. Typical Sites of Occlusion 
in the Lower Half of the Body 

A segmental, short occlusion is found within the 
distal segment of the superficial femoral artery in 
the adductor canal in 15%-20% of patients. 

A long occlusion of the entire superficial femo
ral artery from the origin of the profunda femoris 
artery down to the adductor canal occurs in 40%-
65%. It represents an advanced stage of occlusive 
arterial disease in most patients. 

Alternating stenoses and short occlusions are 
found in the thigh and lower leg arteries in 15%. 
This type of occlusive disease is typical of diabetic 
macroangiopathy which terminates distally in mi
croangiopathy. 

Some 5% of patients with femoral and lower 
limb arterial occlusions have segments of the pop
liteal artery which are patent and to which strong 
collateralization has developed. This is especially 
important if revascularization is planned. 

The frequency distribution of chronic occlusive 
arterial lesions in the lower limb is as follows: 

Aortoiliac occlusions (inflow tract) 
Iliofemoral occlusions 
Femoropopliteal occlusions 
Isolated popliteal occlusions 
Crural occlusions 

B. Indications 

24% 
4% 

50% 
5% 

17% 

Indications for reconstructive procedures in the 
lower half of the body depend only on the clinical 
symptoms which the patient presents. Stage I ac
cording to FONTAINE and LERIellE is not an indica
tion for surgery. 

Ischemic stage II is a relative surgical indication 
if claudication occurs on walking a distance of 
under 100 m, impeding private and occupational 
activity, and if there are favorable morphologic 
conditions with a two-vessel run-off. 

Ischemic stage III and IV with rest pain and 
localized or extensive necroses is an absolute indi
cation for surgery. 
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Patent arteries proximal and distal to the occlu
sion are essential for successful revascularization. 
Run-off is sufficient when two or three patent 
lower leg arteries, extending all the way down to 
the foot, can be clearly visualized by angiography. 

The run-off is barely sufficient when only one 
lower leg artery is patent down to the foot. Occlu
sion of all three lower leg arteries is a very unfavor
able constellation. If, in case of an occlusion of 
the femoral artery, a short segment of the popliteal 
artery is patent with adequate collateral flow to 
it, isolated segmental revascularization should be 
performed only in advanced ischemia. Contraindi
cations against revascularization of vessels in the 
lower half of the body are severe disorders of coro
nary, cerebral, and renal function and diseases 
such as cancer and severe diabetes mellitus. The 
possibility of arterial revascularization should al
ways be checked prior to any amputation, even 
if the patient has severe concomitant diseases, as 
the mortality of limb amputation in patients over 
60 years old is 25%-28%. 

c. Positioning and Surgical Exposure 

Revascularizations in the lower half of the body 
are always done with the patient in a supine posi
tion. The heel and ankle are wrapped in pads to 
avoid compression and injury. The operated leg 
is slightly elevated at the hips, abducted, externally 
rotated, and flexed at the knee joint. Lowering 
the opposite leg allows for better access to the 
operative field. 

I. Groin 

To expose the common femoral artery and its 
branches, a longitudinal incision is made below 
the inguinal ligament, midway between the superi
or anterior iliac spine and the symphysis pubis 
(Fig. 17.2.1 a). One must be careful of the superfi
cial epigastric vessels and the superficial circumflex 
iliac vessels. The following structures are found 
in the operative area: 

Femoral branch of the genitofemoral nerve 
Anterior cutaneous branch of the femoral nerve 
Lateral femoral cutaneous nerve 
Ilioinguinal nerve and iliohypogastric nerve 
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a 

Fig. 17.2.1. a Incision in the inguinal region with possi
bilities of extension. b Exposure of the femoral bifurca
tion 

If the external iliac artery is to be exposed at the 
same time, an S-shaped, curved incision in the di
rection of the superior anterior iliac spine is pre
ferred. The incision is extended upward and the 
aponeurosis of the external oblique abdominal 
muscle is divided in the direction of its fibers after 
its detachment from the iliac spine. One must 
avoid injuring the side branches of the external 
iliac artery (inferior epigastric artery and deep cir
cumflex iliac artery) and their corresponding veins. 

To reach the common femoral artery, it is advis
able to divide the subcutaneous tissue laterally, 
while preserving and retracting the superficial and 
deep inguinal lymph nodes and lymph vessels. In
jured lymph nodes and vessels should be ligated 
carefully. Electrocoagulation in the groin must be 
avoided. After dividing the superficial fascia, the 
femoral artery is easily found. It may also be ex
posed further distally at the medial border of the 
sartorius muscle. 

The superficial branch of the external pudendal 
artery must be transected to gain access to the 

Superhclal circumflex lilac a. 

Sartorius m 

Great 
;~~~~~~':: saphenous Y. 

Adductor longus m 

Superficial 
temorat a 

terminal segment of the great saphenous vein and 
its junction with the femoral vein. The great sa
phenous vein and the femoral artery can be ex
posed through the same incision without difficulty, 
but, in different dissection planes. 

A transverse incision in the groin does not ex
pose the vessels as well and cannot be enlarged 
if necessary. 

The division of the common femoral artery into 
its profunda and superficial branches may be iden
tified by the sudden change in caliber about 1-3 
fingerbreadths beneath the inguinal ligament 
(Fig. 17.2.1 b). The profunda femoris artery must 
be dissected free only down to its first collateral 
branch. This exposes the artery far enough to al
low tapes to be passed around it. Arteriosclerotic 
plaques usually end at the first collateral branch. 
If profundaplasty is planned, exposure must be 
continued downward as fat as the second collater
al; this necessitates division of the concomitant 
veins and the lateral circumflex vein between liga
tures. 
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II. Superficial Femoral Artery 

The sartorius muscle serves as a guide muscle in 
dissection of the superficial femoral artery. The 
incision runs along the anterior surface of the mus
cle in continuation of the inguinal incision, down 
to the readily palpable condyle of the femur at 
the knee joint (Fig. 17.2.2a). The knee should be 
flexed about 30° and supported by folded towels. 
After dividing the thigh fascia, the sartorius muscle 
is reflected medially and dorsally to expose the 
artery. At the junction between the distal superfi
cial artery and the popliteal artery, the vessel runs 
within the 5 - 6-cm-Iong adductor canal. This ca
nal is bounded medially by the vastus medialis 
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Fig. 17.2.2. a Surgical approach to the superficial femo
ral artery and popliteal artery (proximal). b, c Exposure 
of the adductor canal and of the superficial femoral ar
tery and popliteal artery (proximal) 
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muscle (quadriceps muscle), laterally by the adduc
tors (adductor magnus and longus muscles), and 
caudally by the tendinous adductorial hiatus (gap 
at the lower border of the tendinous attachment 
of the adductor magnus muscle). The roof of the 
canal is formed by the vasto adductor membrane 
and the sartorius muscle. 

Just before the femoral artery enters the popli
teal fossa, the descending genicular artery and the 
saphenous nerve leave the neurovascular sheath 
and run superficially in front of the membrane 
to the knee joint (Fig. 17.2.2b, c). These must be 
preserved at all costs during dissection. There are 
many collateral branches in this area and close 
topographical relationships to the corresponding 
deep venous system (often doubled). 

m. Popliteal Artery 

There are several approaches to the popliteal ar
tery, depending on which segment has to be ex
posed. An anteromedial approach is usually fa
vored for suprageniculate exposure of the artery 
(Fig. 17.2.3a). The skin is incised near the dorsal 
third of the palpable femoral condyle, at the ante
rior margin of the sartorius muscle. To expose the 
popliteal artery further, the incision is continued 
anteromedially to the medial margin of the tibia. 
Before dissecting deeper, the sartorius muscle is 
retracted dorsally and medially, and the adductor 
slit is divided, The proximal third of the popliteal 
artery is then dissected free. If that portion of the 
artery is not suited for revascularization, the third 
popliteal segment (see later) should be exposed 
first, since this can be done without great diffi
culty. 

To expose the middle third of the popliteal ar
tery, the tendinous attachment of the semimem
branosus muscle at the tibial condyle as well as 
the attachment of the gastrocnemius muscle at the 
femoral condylus are mobilized and divided. The 
hamstring muscle group must also be mobilized 
and divided in the following order: sartorius mus
cle, gracilis muscle, and semitendinosus muscle 
(Fig. 17.2.3 b, c). The corresponding tendons and 
muscle attachments should be marked with differ
ent sutures for their reconnection later on. 

I[ in an exceptional case isolated exposure 
of the middle popliteal segment is necessary, a dor
sal approach with the patient lying face down is 
possible (Fig. 17.2.4a, b). To prevent scar contrac
tions, an S-shaped skin incision is made. It starts 
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a 

Fig. 17.2.3. a Anteromedial approach to the popliteal 
artery. b, c Exposure of the middle third of the popliteal 
artery with division of the crossing tendons and muscles 

cephalad on the medial side, runs almost complete
ly horizontal in the bend of the knee, continuing 
downward on the lateral side. Following division 
of the superficial fascia, the tibial nerve is carefully 
preserved and retracted laterally. The popliteal ar
tery is then identified in the deeper layer, lying 
between the biceps femoris muscle and the semi
membranosus muscle, usually surrounded by a 
paired vein. 

Exposure of the infrageniculate portion of the 
popliteal artery for the connection of a bypass 
graft is preferably achieved using an anteromedial 
approach (Fig. 17.2.5 a). This segment of the vessel 
is only rarely affected by occlusions and is relative
ly easy to reach. It gives off only a small branch. 
The skin incision is made just at the medial margin 
of the tibia. Following division of the crural fascia 
as far as the hamstring muscles, the artery can 
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a Fig. 17.2.4a, b. Dorsal approach and exposure of the 
middle third of the popliteal artery 
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a 

Fig. 17.2.5a, b. Anteromedial approach and exposure 
of the distal third of the popliteal artery and the lower 
leg trifurcation 

be directly exposed by blunt dissection on the ante
rior side of the medial head of the gastrocnemius 
muscle. The popliteal artery runs dorsal to the ti
bial nerve, usually encased by two vein bundles. 
As soon as the vessel is dissected free circumferen
tially, tapes are passed around it, and it is pulled 
slightly forward (Fig. 17.2.5b). This makes further 
exposure in a proximal and distal direction easier 
and less dangerous. The crossing anterior tibial 
veins must be divided between ligatures, especially 
at the level of the origin of the anterior tibial ar
tery. The tendinous arch of the soleus muscle is 
identified just distal to this origin. It must be di
vided for exposure of the lower leg trifurcation. 

D. Technique of Revascularization 

I. Semiclosed Thromboendarterectomy (TEA) 

This technique was introduced in 1946 by J. em 
Dos SANTOS and further developed in Germany 
by VOLLMAR [17]. In the lower limb, it is suitable 
only for the proximal segment down to the level 
of the popliteal artery, particularly in short occlu
sions of the distal portion of the femoral artery. 
Today, it is seldom used. A few centimeters of 
the artery are exposed distal to the occluded seg
ment and opened a distance of 2-3 cm 
(Fig. 17.2.6). The eccentric inner core cylinder is 
circumferentially isolated with a fine spatula in
strument and then divided. A ring stripper of 
proper size is passed around this core of freed inti-
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Fig. 17.2.6. Surgical technique of thromboendarterec
tomy with patch closure 

rna and advanced proximally with rotating move
ments and gentle pressure, keeping traction on the 
distal end of the cylinder. The proximal end of 
the intimal core usually tears at the level of the 
profunda origin. It can then be removed without 
difficulty. Intraoperative angiography of the 
thromboendarterectomized artery and its run-off 
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is obligatory. Arterioscopy of the endarterecto
mized segment may give additional security. The 
arteriotomy is closed by direct suture or with a 
vein patch graft. 

In lengthy occlusions extending from the pro
funda origin to the adductor canal, it is advisable 
to perform an additional proximal arteriotomy at 
the junction of the common femoral artery and 
the superficial femoral artery. This also allows di
rect inspection of the orifice of the profunda fem
oris artery. The tendon of the adductor magnus 
muscle should always be divided, since it often 
initiates the formation of an occlusion. 

TEA cannot be performed, or remains incom
plete, in 20%-30% of cases. This is especially true 
in severe calcification of the media and acute in
flammatory vascular disease, where the procedure 
may have to be terminated. The rate of perforation 
is reported to be 2.7%. 

ll. Bypass Procedures 

The first bypass of a vascular occlusion was per
formed by KUNLIN in 1949. He was the first to 
use today's standard technique, constructing an 
autogenous vein bypass. Prior to the operation, 
the great saphenous vein can be evaluated and 
marked while the patient is standing. The position 
of the patient during removal of the vein does not 
have to be changed for the arterial reconstruction. 
The incisions for harvesting the great saphenous 
vein are as a rule the same as for exposure of 
the artery at the groin and knee joint. The great 
saphenous vein is easily dissected free step by step, 
without causing necroses of the skin. The incision 
on the thigh and lower leg can be either continuous 
or interrupted by short bridges of skin. The inci
sion is always directed along the course of the vein, 
which varies from patient to patient. Venous tribu
taries are carefully divided between two ligatures 
(4-0). The vein itself should never be grasped with 
instruments. 

Before completing removal of the great saphe
nous vein, the site of anastomosis to the distal 
arterial segment should be determined in order to 
estimate the length of vein necessary for grafting. 
The distal end of the vein is tied over a beaded 
cannula. The opposite end is clamped and the vein 
is distended with heparinized blood. Distention 
permits the surgeon to assess the caliber of the 
vein (not below 4 mm, optimal diameter 4-6 mm). 
Leaking tributaries are atraumatically sutured. 

Ligation of Iflbutaries 

Common femoral a 

Greal saphenous Y. 

Fig. 17.2.7. Harvest of the great saphenous vein at the 
thigh and lower leg 

Fig. 17.2.8. Atraumatic suture of collaterals in the dis
tended autogenous vein graft 

Constricting strands of connective tissue are di
vided, and small irregular, saccular distentions are 
repaired with mattress-like sutures (Fig. 17.2.8 and 
17.2.9 a-d). All collaterals at the distal end of the 
vein should be preserved to make it possible to 
eplarge the transverse diameter for the creation 
of a wide proximal anastomosis later on 
(Fig. 17.2.10a-d). The vein graft may be tempo
rarily stored in a blood - heparin solution. 
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Fig. 17.2.9a-d. Subsequent corrections performed on the 
vein graft : ligation of tributaries, division of connective 
tissue strands, and mattress-like suture of saccular dis
tentions 

Fig. 17.2.10a-d. Storage of the harvested autogenous [> 

vein graft in a blood heparin solution; enlargement of 
the transverse diameter at the proximal end of the vein 
graft 

The distended vein is reversed (distal end at 
the groin). Then, it is pulled through the subcuta
neous tunnel with a long forceps and orthotopi
cally placed next to the artery so that both ends 
lie at the sites of anastomosis to the host artery. 
It is of the utmost importance to prevent twisting 
of the graft during this maneuver. The tunnel is 
prepared by blunt dissection using the fingers of 
both hands. In order to connect the graft to the 
proximal popliteal segment, it is passed under the 
sartorius muscle. If an infragenicular anastomosis 
has to be constructed, we position the graft be
neath the muscle groups that cross the region of 
the knee joint (gastrocnemius, hamstring muscle 
group, semimembranosus). 

Before the artery is clamped, systemic heparini
zation is carried out, which does not later require 
antagonistic measures if the anastomoses show no 
leakage. We always begin with construction of the 
bypass at the distal anastomosis. The VAN DONGEN 

infrageniculate retractor has proven very useful for 
exposure of the distal popliteal artery. Following 
a longitudinal incision of the host artery with a 
pointed scalpel, the arteriotomy is lengthened to 
15-20 mm with angled scissors (Potts' scissors). 
The vascular lumen may be held open by pulling 
on stay sutures, thus exposing the internal surface 
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Fig. 17.2.11a-d. Placement of the graft in the tunnel 
and construction of the proximal and distal anastomoses 
(distal end of the graft at the groin; the inset shows 
the alternative method of a proximal end-to-end anasto
mosis) 
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of the artery (Fig. 17.2.11 a-d). While inspecting 
the artery in this manner, one must examine the 
outflow tract carefully and, if necessary, dilate it 
using fine Overholt clamps or a vascular dilator. 
The squeezed end of the vein graft is resected, the 
graft is longitudinally incised, the corners are cut, 
and remnants of adventitial tissue are removed at 
the designated site of anastomosis. Each strand 
of the doubled corner sutures that are placed at 
the start is used to complete one quarter of the 
anastomosis (see inset Fig. 17.2.11). To facilitate 
precise sewing of the spatulate end of the vein to 
the artery, a probe can be placed within the distal 
outflow tract during peripheral anastomosis, and 
within the vein graft during proximal anastomosis. 
The stitch direction is always from the wall of the 
artery to the vein. We prefer to reverse the direc
tion when a synthetic prosthesis is sewn into the 
arteriotomy. Local endarterectomy cannot be rec
ommended at the distal arteriotomy site. Correc
tions of stenoses of the profunda femoris orifice 
may be necessary at the proximal arteriotomy site. 
Monofilament double sutures (5-0 to 6-0 in size) 
and a C 1 or BV 1 needle are preferred. Following 
completion of the distal anastomosis, the vein 
graft is distended once more and slightly stretched. 
The preferred site of the proximal anastomosis is 
the femoral bifurcation. The suture of this anasto
mosis is a very crucial step in the entire grafting 
procedure since the caliber of the vein is rather 
small (see Fig. 17.2.10, enlargement of the trans
verse diameter). Sewing the vein graft end-to-side 
to the common femoral artery does not achieve 
optimal hemodynamic conditions, but restricts 
blood flow to patent collateral branches. If the 
superficial femoral artery is totally occluded, the 
vein graft may be connected proximally in an end
to-end fashion to the proximal stump of the tran
sected superficial femoral artery. Inflow to the 
graft may be improved through enlargement of 
the anastomosis by means of a patch graft (see 
Fig. 17.2.11). This technique has shown good re
sults. 

We favor revascularization of an isolated popli
teal segment with good collateralization in patients 
presenting an advanced stage of ischemia. How
ever, reverse blood flow in the arterial segment 
must be possible. 

If run-off is impaired, suitable segments of the 
artery must be sought further distally to which 
several additional graft connections may be made 
(sequential graft, jump graft). This makes revascu
larization of several vascular regions (anterior tib-
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Fig. 17.2.12. a Simultaneous revascularization at several 
different levels of the arterial system with a sequential 
graft (popliteal artery and posterior tibial artery). b Su
ture technique in a prosthesis - vein connection (com
posite graft) 

ial artery, posterior tibial artery) possible, at differ
ent levels of the lower limb (popliteal artery, poste
rior tibial artery; Fig. 17.2.12a, b). The additional 
arterial segment may be connected to the graft 
using either a sequential bypass in the form of 
a side-to-side anastomosis or a jump bypass, which 
is constructed by implanting a second vein graft 
at the distal end of the primary graft, thus forming 
a Y -shaped bifurcation. 

The main problem in peripheral reconstructions 
is the limited availability of autogenous vein mate
rial. Proximal anastomosis is usually performed 
at the femoral bifurcation. Only in exceptional 
cases, in vascular injuries at the popliteocrurallev
el, in the outlet syndrome, and in isolated recon
struction of the popliteal segment (cystic adventi
tial degeneration, entrapment syndrome) can the 
proximal anastomosis be constructed in the upper 
third of the popliteal artery, provided that the fem
oral artery is patent. In such situations, end-to-end 
connection between vein and artery is preferred 
because it offers better hemodynamic conditions 
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Fig. 17.2.13a-c. Techniques of constructing a hitchhike 
bypass 

without undesirable turbulent flow. Another ad
vantage is that the inflow tract can be widened 
with a patch graft. 

Proximal end-to-side anastomosis is preferred, 
however, in revascularization of arteriosclerotic 
occlusions in order to preserve important, periph
eral collaterals. Combining lengthy, proximal TEA 
with above-knee connection of a bypass graft has 
not shown good results. 

If the length of the vein does not suffice (nor
mally 45-50 cm is needed for the femoral seg
ment), several veins may be connected to one an
other or a composite graft may be constructed be
tween a synthetic prosthesis and an autogenous 
vein by creating an end-to-end anastomosis 
(Fig. 17.2.12, see inset). Another alternative is to 
interpose an endarterectomized arterial segment, 
forming a hitchhike graft. There are different ways 
of constructing a hitchhike bypass, depending on 
the arterial segment involved (Fig. 17.2.13a-c). 
The thromboendarterectomized arterial segment 
shown in band c represent the weakest point of 
the hitchhike graft since intimal hyperplasia at 
such a point often leads to circumscribed narrow
ing over an extended period. The hitchhike bypass 
is always preferable to the composite graft when 
the autogenous vein has a small lumen because 
it does away with the abrupt transition that would 

vein and synthetic prosthesis. 
More and more materials are being developed 

for use in peripheral vascular reconstructions. An 
autogenous vein is nearly always preferable to for
eign materials. In surgical reinterventions where 
the autogenous vein is unsuitable (20%-30%), al
loplastic material is used only for bypass of the 
femoral artery segment in patients with stage 
III and IV symptoms. Polytetrafluoroethylene 
(PTFE) and filamentous, knitted Dacron pros
theses have shown satisfactory results. External re
inforcement with rings or spirals is necessary in 
prostheses spanning the knee joint, in order to pre
vent kinking when the knee is flexed. Such grafts 
are being used more frequently. The only other 
graft suitable for crossing the knee joint is the um
bilical vein graft (Dardik graft). Heterologous ma
terials are handled in the same manner as de
scribed previously for autogenous vein grafts. The 
anastomoses are performed using the same tech
niques. The distal anastomosis is constructed first. 
Large differences in caliber between host artery 
and synthetic graft are overcome by the use of 
a 6-mm prosthesis tailored in accordance with the 
length of the anastomosis. 

E. Postoperative Complications, 
Reinterventions 

Suction drains are always left in place for at least 
24 h. Immediate surgical revision of the anasto
moses is indicated if severe postoperative hemor
rhage occurs (see p. 158). Constant postoperative 
monitoring of blood pressure, pulse, urine output, 
and replacement of fluid loss and electrolytes must 
be ensured since the patients have generalized ar
teriosclerosis with involvement of the coronary ar
teries, kidneys, and brain. After peripheral, vascu
lar reconstructions, the patient should be mobi
lized early to reduce postischemic edema. Post
operative dilatation of the peripheral vessels may 
be achieved by preventing heat loss, e.g., with cot
ton dressings. 

A compartment syndrome following peripheral, 
vascular reconstructions is rare. It may occur if 
the intraoperative ischemic time is prolonged, 
leading to serious damage of the muscle and soft 
connective tissues (see p. 638). Symptoms are in
creasing loss of sensibility, mobility, and increas-
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ing tension of the soft tissues in the anterior, fibu
lar, and tibial compartments. These alarming signs 
must be relieved by early fasciotomy. 

Immediate occlusion always necessitates surgical 
reintervention, since the cause is invariably a tech
nical one (p. 164). Some of the more frequent 
causes include: faulty anastomotic technique, in
complete desobliteration or distal intimal flaps, 
problems with the graft itself, peripheral embolism 
with subsequent thrombus formation, and incor
rect assessment of the inflow, or more often, the 
outflow tract. Intraoperative angiography (see 
p.135) following revascularization reduces the rate 
of immediate occlusions in the femoropopliteal 
(femorocrural) segment below 5%. 

The patency rates of peripheral vascular recon
structions depend on the ischemic stage, the 
number of patent lower leg arteries, the technique 
of revascularization, and the localization of the 
distal anastomosis. Good early results may be ex
pected in 82%-100%. The primary amputation 
rate depends on the operative status of the vessel 
and the technique of revascularization. Today, it 
is between 3.1 % and 8%. 

The mortality rate of peripheral vascular recon
structions is reported to be between 0.4% and 4%. 
Serious complications due to surgical or technical 
errors are almost completely unknown. 

The greatest problem following peripheral vas
cular reconstructions is deep wound infection, oc
curring in 1.5%-7.2% of all patients, irrespective 
of the stage of ischemia (see p. 166). If synthetic 
prostheses have been implanted, all foreign materi
al must be completely removed in order to achieve 
healing. Extra-anatomic bypass can be considered 
if dangerous ischemia of the limb develops follow
ing resection of an infected graft. For example, 
in groin infections, an obturator bypass with pe
ripheral connection to the popliteal artery is possi
ble. Because a hematogenous etiology of graft in
fection in the early phase is presently under discus
sion, peri operative antibiotic prophylaxis is always 
indicated when foreign materials are used. 

Anastomotic aneurysms are of special impor
tance. The cause is leaking along the suture line 
(see p. 173). The frequency of anastomotic aneu
rysms depends on the degree of exposure of the 
suture site and the type of revascularization per
formed. It is most commonly found in the groin 
(3 %) and less often in distal portions of the recon
structed artery (1.1 %). It may always be identified 
morphologically as a false aneurysm. Graft aneu
rysms do 1'1Ot belong to this category since they 

are caused by mechanical weakness of the graft 
wall, as may be found in varices of saphenous 
grafts. The clinical picture of anastomotic aneu
rysms is characterized by a growing, pUlsating 
swelling in the area of a vascular anastomosis or 
a vascular suture. There is not spontaneous cure. 
Some 20% present with rupture at the time of 
surgical reintervention. Therefore, false aneurysms 
should be diagnosed as early as possible and cor
rected surgically. The aim of treatment is to resect 
the aneurysm and restore the continuity of the ar
tery. Often, a portion of the reconstruction must 
be resected, the graft lengthened, and a new anas
tomosis constructed. If wound infection is present, 
only autogenous material may be used. Adjuvant 
measures such as irrigation-suction-drainage, 
omentum flaps, and implantation of antibiotic im
plants containing antibiotics have proven effective. 

Patency rates following bypass operations in 
the femoropopliteal segment as calculated by the 
life table method vary, depending on the graft ma
terial, the grafted segment of the artery, and the 
preoperative ischemic stage. It has been reported 
that 72% of all femoropopliteal vein bypass grafts 
are still patent after 3 years (68%-77%, depending 
on the stage). The following 3-year patency rates 
have been calculated according to the type of pros
thesis used: 55% with velour prostheses; 65% with 
PTFE prostheses; and 67% with umbilical vein 
grafts. The 5-year patency rates for vein bypass 
grafting procedures are 65% on average for 
femoropopliteal bypasses; 48% for femorocrural 
bypasses; and 43% for femoropopliteal prosthetic 
reconstructions. 
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17 Occlusive Disease in the Lower Extremities 

17.3 Chronic Occlusive Disease 
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A. Introduction 

In recent years the anatomical limits of arterial 
reconstructive surgery have been pushed farther 
and farther into the peripheral regions. The most 
spectacular developments have been in the surgery 
of leg arteries . 

In 1960, PALMA [18] performed the first revas
cularization of a lower leg artery, the posterior 
tibial artery. Only by the 1970s, however, had arte
riographic and surgical techniques developed to 
the point where satisfactory results could be 
achieved with any degree of consistency. 

Many factors and new developments led to 
these advances. 

- First, there was an improvement in the quality 
of arteriographic imaging of the lower leg and 
foot arteries. 

- Second, surgical methods were improved with 
the aim of reducing peripheral resistance and 
increasing blood flow through the graft. 

- Finally, the development and application of reli
able alternative methods to bypass grafting 
made it possible to treat patients in whom the 
autogenous great saphenous vein was not suited 
for total bridging of long femoropopliteocrural 
obstructions. 

B. Anatomy 

The topographical anatomy of all three lower leg 
arteries is described on p. 24-27 and pictured in 
Fig. 17.3.1a~. 

The popliteal artery separates into the anterior 
and posterior tibial arteries as it reaches the ten
dinous arch of the soleus muscle. The anterior ti
bial artery penetrates the interosseus membrane 
of the leg or runs anteriorly riding over the superi
or edge of the membrane and then descends on 
its anterior surface. It lies between the tibialis ante-
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rior muscle and the extensor digitorum longus 
muscle in its proximal portion, and in its distal 
portion between the tibialis anterior muscle and 
the extensor hallucis longus muscle. As it descends, 
it comes to lie on the anterior surface of the tibia 
and the capsule of the upper ankle joint. It con
tinues on to the dorsum of the foot as the dorsalis 
pedis artery. This vessel crosses beneath the tendon 
of the extensor hallucis longus muscle and the infe
rior extensor retinaculum and then runs between 
the extensor hallucis longus and brevis muscles to 
the distal portion of the foot. The arcuate artery 
branches off at the level of the proximal ends of 
the metatarsal bones. The dorsalis pedis artery 
splits into the deep plantar branch and the first 
dorsal metatarsal artery between the first and sec
ond metatarsal bones. 

After the anterior tibial artery branches off, the 
popliteal artery continues as the posterior tibial 
artery. The peroneal artery branches off 1-5 cm 
distal to the origin of the posterior tibial artery. 
In the literature on vascular surgery, the segment 
of the posterior tibial artery lying between its ori
gin and the takeoff of the peroneal artery is called 
the tibioperoneal trunk. Only after the peroneal 
artery takes off is it called the posterior tibial ar
tery. 

The posterior tibial artery descends on the dor
sal surface of the tibial posterior muscle between 
the flexor digitorum longus and flexor hallucis lon
gus muscles, accompanied by the tibial nerve. 
Further distally, it runs along the medial border 
of the calcaneal tendon, turning toward the area 
behind and under the medial malleolus. At that 
point, it lies between the posterior aspect of the 
malleolus and the medial edge of the calcaneal ten
don. Before reaching both layers of the flexor re
tinaculum, it splits into the medial and lateral 
plantar arteries. 

The peroneal artery runs on the posterior as
pect of the tibialis posterior muscle, then between 
this muscle and the flexor hallucis longus muscle, 
close to the fibula, downward. In its distal portion 
it is located on the posterior surface of the interos
seus membrane or the tibia, splitting into its com
municating branches, lateral malleolar branches, 
and calcaneal branches after reaching the posterior 
aspect of the ankle joint capsule. 

405 

C. Indications for Revascularization 

Revascularization of the lower leg arteries may be 
indicated in patients with occlusions of the 
femoropopliteal artery or the popliteal artery ex
tending into the lower leg arteries. Revasculariza
tion of still patent arterial segments is usually con
sidered if severe impairment of blood circulation 
is present, i.e., in clinical stages III and IV. The 
stage of intermittent claudication is only rarely an 
indication for such revascularizing procedures. 

If all lower leg arteries are occluded or nar
rowed by arteriosclerotic plaques, revasculariza
tion of the dorsalis pedis artery or of one of the 
plantar arteries may be considered, but only if the 
patient has rest pain or gangrene. 

D. Angiograpbic Requirements 

Reconstruction of crural arteries should not be at
tempted without exact arteriographic visualization 
of the lower leg and foot arteries [2, 3, 13, 17, 
21]. Angiography must accurately delineate the 
pathologic changes of the diseased arteries. Arte
riograms should correspond with the actual situa
tion. 

First, the arteries must be visualized sharply 
and with dense contrast. This allows the surgeon 
to assess to which artery and to which arterial 
segment the graft should be anastomosed. 

Aortography almost never gives a satisfactory 
visualisation of the lower leg and foot arteries. 
Aortographic pictures are only suited to judging 
the state of the inflow tract and determining where 
the proximal anastomosis of the graft should be 
made. 

Additional arteriography of the femoral artery 
is absolutely necessary for accurate visualization 
of the lower leg and foot arteries. The injection 
of contrast medium should be anterograde, not 
retrograde. This results in better filling of the distal 
arteries and therefore greater angiographic con
trast. 

In this way it is possible to establish whether 
in the distal portion of an unoccluded artery there 
are additional stenoses that might be treated in 
the same operation. Moreover, anterograde arteri
ography of the femoral artery allows exact assess
ment of the foot arteries, even if all lower leg arter
ies are obstructed. 
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Obtaining all this information is absolutely im
possible with digital subtraction angiography. 
DSA allows one to determine whether or not lower 
leg arteries are open, but no more than this. It 
is a screening method. The details necessary for 
purposes of surgery cannot be seen in DSA pic
tures. 

A second very important point, which must be 
stressed, is that the series of pictures taken of the 
lower leg and foot should be continued for a con
siderable length of time, as the filling of the lower 
leg arteries is often delayed. 

A third precondition is the correct projection. 
If the legs are externally rotated, the tibia and fibu
la will be projected superimposed on one another, 
making correct assessment and identification of 
the lower leg arteries difficult. The evaluation of 
the pictures is easier if the lower leg is rotated 
internally about 20°. The arteries are depicted cor
rectly without the superimposition of bones. As
sessment of lower leg arterial patency and the con
dition of the vessels and their walls is only possible 
if the leg is rotated internally. 

To visualize the posterior tibial artery exclusive
ly, the lower leg must be rotated externally. 

The arteries of the foot must always be visual
ized in two planes. 

E. Positioning 

To revascularize the posterior tibial artery, the leg 
is placed in an externally rotated position. The 
opposite hip is elevated on a pillow. The knee is 
flexed and supported in that position by means 
of a wedge-shaped pad. If reconstructive proce
dures of the anterior tibial artery and the peroneal 
artery are planned, the leg must be alternately ro
tated internally and externally. The foot is sup
ported by a padded wedge so that the leg can be 
rotated freely to the inside and outside. To obtain 
a better approach to the lateral side of the lower 
leg, the ipsilateral hip should be slightly elevated 
on a pillow. 

R.A.J.M. VAN DONGEN and F. FRANKE 

F. Operative Approach 

The tibioperoneal trunk and the posterior tibial 
artery are exposed through a longitudinal incision 
at the medial margin of the tibia (Fig. 17.3.2a). 
The proximal segments of the plantar arteries are 
reached through a curved incision behind the me
dial malleolus. 

The correct exposure of the anterior tibial ar
tery is along a line which joins the point midway 
between the head of the fibula and the tubercle 
of the tibia with the point midway between the 
two malleoli (Fig. 17.3.3 a). The dorsalis pedis ar
tery is exposed through an incision along a line 
connecting the midpoint between the two malleoli 
with the interdigital space between the first and 
second toes. The incision lies lateral to the tendon 
of the extensor hallucis longus muscle. 

The lateral approach to the peroneal artery is 
through an incision over the fibula or just behind 
it. Medial exposure of the peroneal artery, as with 
exposure of the posterior tibial artery, is obtained 
through a longitudinal incision along the medial 
margin of the tibia. 

G. Exposure of the Arteries 
of the Lower Leg and Foot 
[1, 14, 16,20,22,23] 

I. Distal Popliteal Artery 
and Tibioperoneal Trunk 

Medial Approach. An incision is made starting 
1 cm below and behind the medial condyle of the 
femur, continuing in a slight curve 1 em behind 
the posterior medial margin of the tibia, and de
scending parallel to this margin about 10 cm. The 
great saphenous vein is preserved by retracting it 
posteriorly. The crural fascia is divided longitudin
ally. The line of dissection should be extended up
ward as far as possible along the lower margin 
of the tendon of the semitendinosus muscle. It is 
not necessary to divide the tendons of the ham
string muscles. These tendons can be easily re
tracted upward, if the knee is flexed. The medial 
head of the gastrocnemius muscle is separated 
from the soleus muscle. The neurovascular bundle 
can be found at the very bottom of the space be
tween these muscles. The tibial nerve and the pop
liteal vein are separated from the artery and re-
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face of the bone. A right-angled curved clamp is 
passed underneath the tendinous arch and the arch 
is dissected to expose the crossing anterior tibial 
veins. These short and vulnerable veins are divided 
between ligatures. Then, the tibioperoneal trunk 
and the origin of the anterior tibial artery can be 
exposed. Dissection may be continued distally 
which allows for excellent exposure of the proxi
mal portions of the peroneal artery and the poste
rior tibial artery. 

Lateral Approach. The lateral approach to the dis
tal portions of the popliteal artery and to the tibio
peroneal trunk is described on p. 412. 

II. Posterior Tibial Artery and Proximal 
Plantar Arteries 

To expose the posterior tibial artery in the middle 
or lower third of the lower leg (following skin inci
sion just behind the medial margin of the tibia, 
with preservation of the great saphenous vein), the 
crural fascia is divided, exposing the medial head 
of the gastrocnemius muscle. Retraction of this 
muscle visualizes the soleus muscle. The soleus 
muscle is sharply dissected longitudinally from the 
posterior surface of the tibia and dorsally retracted 
together with the gastrocnemius muscle. Between 
these two muscles and the flexor digitorum longus 
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and hallucis longus muscles dissection is continued 
deeper until the neurovascular bundle is reached 
(Fig. 17.3.2b, c). The tibial nerve which lies lateral 
to the posterior tibial artery should remain un
touched. 

The distal portion of the posterior tibial artery 
is easily reached through an incision between the 
calcaneal tendon and the medial malleolus. Fol
lowing division of the deep fascia, the neurovascu
lar bundle is exposed, in which the tibial nerve 
iies dorsally. Dissection may be continued distally 
until the origins of the plantar branches are 
reached. Following division of the superficial layer 
of the flexor retinaculum, and retraction of the 
tendon of the abductor hallucis muscle distally, 
the proximal segments of the plantar arteries can 
be exposed. 

ID. Anterior Tibial Artery and Dorsalis 
Pedis Artery 

Following skin incision and dissection of the sub
cutaneous tissue, the dividing line between the ti
bialis anterior muscle and the extensor digitorum 
longus muscle is identified. In order to find this 
line, the ankle joint should be moved. When the 
foot is pronated, the extensor digitorum longus 
muscle relaxes, while at the same time the tibialis 
anterior muscle is stretched. If it is not possible 
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17.3 Chronic Occlusive Disease of the Lower Leg Arteries 

Peroneal 

a 

Peroneus 
longLJs 

and -'",.;,;."'"' 
bUMS 

mm 
Anlenor ___ _ 
tlblala 

Fibula trese<:ted) ---

c 

Peroneal a 

Flexor 
halluCls 

longus m. 

Resection at 
segment 01 !lbula 

Soleusm 

b 

Tibialis anlellor m 

Tibia 

Tibialis 
postellor m 

Flexor 
=.....;.7'~"t-- dlQllorum 

longus m 
~11~;;::;;,:~-Ior.-'4- PosterIOr 

tob.al a 

-.....,~r,v~-SOleus m 

Gaslrocnemlus m 

Peroneale 
(with veins) 

---:F-o~&-- Soleus m 

411 

Fig. 17.3.Sa-c. Exposure of the peroneal artery. a, b 
Subperiostial resection of a 6- to 8-cm-Iong segment of 
the fibula. c Cross section of the lateral approach to 
the peroneal artery 
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to fmd the dividing line in this way, the fascia 
should be incised at the lateral margin of the tibia
lis anterior muscle, which usually lies two finger
breadths laterally from the tibial margin. The ti
bialis anterior muscle is retracted medially. Deep 
dissection is performed on the medial side of the 
intermuscular fascia, until the neurovascular bun
dle is reached (Fig. 17 .3.3 b). The deep peroneal 
nerve runs lateral to the artery and should remain 
untouched. 

Farther distally, in the lower third of the lower 
leg, it is easier to find the boundary between the 
tibialis anterior muscle and the extensor hallucis 
longus muscle. The anterior tibial artery is reached 
and exposed in the same manner by deep dissec
tion along the medial side of the intramuscular 
septum (Fig. 17.3. b). 

The dorsalis pedis artery is exposed through 
a longitudinal incision about 1 cm lateral to the 
tendon of the extensor hallucis longus muscle. Fol
lowing division of the fascia, the medial fibers of 
the extensor digitorum brevis muscle are exposed. 
These must be retracted laterally in order to reach 
the dorsalis pedis artery which lies directly on the 
bony surface. 

For exposure of the proximal portion of the anteri
or tibial artery, the transfibular approach is the 
best one. A segment of the proximal fibula 6-8 cm 
long is resected subperiosteally just beneath its 
head (Fig. 17.3.4a-d). During this maneuver one 
should be mindful of the peroneal nerve, which 
may be observed at the upper comer of the inci
sion. Following removal of the fibular segment 
and incision of the medial periosteum, the distal 
portion of the popliteal artery and the proximal 
segment of the anterior tibial artery are exposed. 
The tibioperoneal trunk may also be well exposed 
by this approach. 

IV. Peroneal Artery 

Lateral Approach. There are several possibilities 
for exposing the peroneal artery. The most com
mon approach is from the lateral side of the leg, 
with resection of a segment of the fibula [4, 6]. 

After a longitudinal incision over the fibula, 
keeping well away from the peroneal nerve, the 
peroneus longus muscle is retracted anteriorly and 
the soleus muscle dorsally to permit subperiosteal 
resection of a 6- to 8-cm-Iong segment of the fibula 
(Fig. 17.3.5a-c). Following division of the inner 
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periosteum, the tibialis posterior muscle is ex
posed. The peroneal artery is situated between this 
muscle and the flexor hallucis longus muscle. 

The anterior tibial artery, which runs down the 
anterior surface of the interosseus membrane, can 
also be easily reached by this approach 
(Fig. 17.3.5c). 

It is also possible to expose the peroneal artery 
without resection of the fibula. The fascia behind 
the fibula is divided. The peroneus longus muscle 
is retracted anteriorly and the soleus muscle dor
sally. The flexor hallucis longus muscle is dissected 
sharply from the dorsal surface of the fibula, ex
posing the peroneal artery. An anastomosis be
tween a vein graft and the peroneal artery can 
be performed without difficulty. However, this ap
proach does not permit the construction of an 
arteriovenous anastomosis. Furthermore, the ante
rior tibial artery cannot be reached by this ap
proach. 

Medial Approach. The same approach is used to 
expose the peroneal artery from the medial side 
of the lower leg as is used to expose the posterior 
tibial artery (see p. 409) [11]. In the proximal half 
of the lower leg the peroneal artery runs parallel 
to the posterior tibial artery, but lies deeper be
tween the tibialis posterior muscle and soleus mus
cle. Further distally, the distance between the ar
teries increases, making exposure of the peroneal 
artery from the medial side more difficult. 

H. Technical Details 

A bypass operation is the only procedure that can 
lead to successful reconstruction oflower leg arter
ies. A stenotic lower leg artery can be treated by 
percutaneous transluminal angioplasty, but the re
sults are still unsatisfactory. Endarterectomy of 
the lower leg arteries is pointless. 

A bypass operation can be successful only if 
the procedure is performed with the utmost care 
and accuracy. 

I. Selection of the Correct Site for Anastomosis 

The site for the distal anastomosis of the bypass 
is chosen according to the preoperative arterio
graphic findings. Which artery and which segment 
is chosen depends on the width of the vascular 
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lumen, the smoothness of the vascular wall, the 
condition of the outflow tract, and the collateral 
circulation. 

If one has the choice between several lower leg 
arteries, the anterior or posterior tibial artery 
should be preferred because the peroneal artery 
has the smallest run-off capacity. 

ll. Atraumatic Exposure 

Exposure of lower leg and pedal arteries should 
be performed as atraumatically as possible. Be
cause each side branch is important for the run-off 
capacity, all branches, including the smallest, 
should be preserved. 

Some medial side branches must be sacrificed 
when a bypass to the anterior tibial artery is 
planned. The anastomosis must be established be
tween the medial wall of the anterior tibial artery 
and the graft. This is only possible if the arterial 
segment is rotated externally by 1800 with bulldog 
clamps or tapes. This rotation can only be ac
complished if some side branches are sacrificed. 

m. Tunneling 

The bypass graft is placed in a tunnel extending 
from the revascularized lower leg artery to the in
fragenicular space and from there to the supergeni
cular region, where it is anastomosed to the popli
teal artery, provided the superficial artery is pa
tent. The latter artery is often narrowed, or even 
occluded, by arteriosclerotic plaques; whenever 
this is the case, then the superficial femoral artery, 
too, must be bridged with a bypass graft. All tun
nels must be wide enough. Kinking and compres
sion of the bypass graft should be avoided. Con
nective tissue blocking the way should be removed, 
and the tunnel walls spread apart by bidigital dis
section. 

a) Tunnel to the Anterior Tibial Artery. For the 
construction of a tunnel to the anterior tibial ar
tery, a large window should be cut out of the inter
osseus membrane, cranial to the designated site 
of anastomosis. The index finger which is inserted 
through this window can easily prepare the way 
dorsally to the tibialis posterior muscle and the 
tibia, reaching the space between the soleus muscle 
and deep flexors and, from there, the infragenicu
lar region (Fig. 17.3.4c). The finger should keep 
close to the tibia. 
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If an extra-anatomic (lateral) anterior bypass 
is planned, the tunnel is constructed subcutaneous
ly, lateral to the knee joint. 

b) Tunnel to the Posterior Tibial Artery. A tunnel 
to the posterior tibial artery can be constructed 
subcutaneously, starting within the infragenicular 
space or at the junction between the soleus muscle 
and the flexor digitorum longus muscle. The crural 
fascia should be divided along the course of the 
tunnel. 

c) Tunnel to the Peroneal Artery. To establish a 
connection between the peroneal artery and the 
infragenicular space, the index finger may be used 
to tunnel a path between the tibialis posterior mus
cle and tibia, which lie ventrally, and the soleus 
muscle, which lies dorsally. 

IV. Clamping 

Thin vessel loops should not be placed around 
the lower leg arteries. These vessels should only 
be clamped with very soft bulldog clamps to avoid 
injuring the arterial wall, particularly the intima. 
A clamp exerting too much pressure on the vessel 
may cause an obstruction. Intraluminal occlusion 
using a small inflatable balloon has proven very 
reliable. 

Clamping should not be performed until pre
cautions have been taken against the formation 
of thrombi (systemic or local anticoagulation). 

v. Bypass Graft Material 

The walls of the lower leg arteries are very thin 
and tender and are easily tom. Only very delicate 
graft material should be used to revascularize these 
vessels. Therefore, only vein grafts are suitable for 
bypasses, or, at the very least, the distal portion 
of a bypass should consist of vein. Thick, wide, 
and rigid prostheses and bioprostheses are entirely 
unsuitable! [8,21]. 

It is important that the lumen of the bypass 
graft have about the same caliber as the diseased 
lower leg artery. The lower leg arteries have an 
internal diameter of about 2-3 mm. The internal 
diameter of the bypass graft may be somewhat 
larger, but not too large; otherwise, an unfavor
able hemodynamic situation with turbulent flow 
may develop. 
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VI~ Construction of the Anastomosis 

Preferably, a long end-to-side anastomosis (with 
fine suture material) should be constructed be
tween the venous graft and the lower leg artery 
so that the transition from the graft to the host 
artery is not abrupt: without widening, narrowing, 
or kinking, and with no sudden change in caliber. 
An end-to-side anastomosis is preferable to an 
end-to-end anastomosis because, in an end-to-side 
anastomosis, run-off can take place in two direc
tions, which is favorable for the flow within the 
graft. 

vn. Positioning of the Graft 

Following completion of the distal anastomosis, 
blood flow is restored within the host artery. The 
distal end of the graft is occluded between the 
fingers. The graft, which is filled with a mixture 
of blood and heparin, is pulled through the tunnel 
by means of a long forceps inserted via the infra
genicular space. During this maneuver, one must 
avoid twisting or kinking the graft. The filled graft 
should lie loosely in the tunnel without tension. 

After the graft has been guided through the 
popliteal fossa and along the sartorius muscle, the 
knee joint is extended to measure the length of 
the graft precisely. Then the proximal anastomosis 
is constructed: a long end-to-side anastomosis 
with the popliteal artery or with the common femo
ral artery. 

I. Adjuvant Measures to Improve Blood 
Flow in a Femorocrural Bypass Graft 

Many recurrent occlusions following crural bypass 
surgery are caused by a limited run-off. Therefore, 
in recent years a number of methods have been 
developed which aim at improving blood flow 
through a graft by reducing the peripheral resis
tance. Such measures to maximize flow through 
a bypass are clearly indicated in cases where pe
ripheral resistance is high and run-off is poor. 
Four indications exist: 

1. The anterior or posterior tibial arteries are 
open, but are narrowed or even occluded in 
their peripheral portions. 
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2. The anterior or posterior arteries are patent 
along their entire course, but the run-off is in
sufficient in the pedal region, because the corre
sponding foot artery is also occluded or nar
rowed. 

3. In revascularization of the peroneal artery, 
which has a poor run-off to begin with. 

4. In revascularization of a pedal artery - either 
the dorsalis pedis artery or one of the plantar 
arteries - in cases where all arteries of the lower 
leg are occluded. 

Several such adjuvant measures are available. 

I. Multiple Distal Anastomoses 

Considerable improvement of run-off may be 
achieved by constructing several distal anasto
moses at the level of the crural arteries [7, 9, 10, 
15]. 

Different methods can be employed for revas
cularization of several lower leg arteries. 

Sequential Bypass. The basic principle of sequen
tial bypass is that several distal anastomoses are 
constructed with only one vein graft (Fig. 17.3.6a), 
e.g., first side-to-side with a still unoccluded seg
ment of the of the anterior tibial artery, and then 
end-to-side with the peroneal artery. Usually, only 
two distal anastomoses are performed. 

Jump Bypass. In a jump bypass an artificially con
structed branch takes off from the distal end of 
a conventional femoral (popliteocrural) bypass 
graft (Fig. 17.3.6b) for the purpose ofrevascular
izing a second artery. This is done by connecting 
a second vein graft end-to-side with the distal por
tion of the first vein graft. The distal end of the 
second graft is anastomosed end-to-side to another 
patent lower leg artery. 

Dissection of two crural arteries may be very 
difficult and time-consuming. The most favorable 
combination is a graft to the posterior tibial artery 
with a jump to the peroneal artery. Both arteries 
can be reached by the same surgical approach on 
the medial side of the lower leg (see p. 412). Two 
incisions on the lateral side of the lower leg are 
needed to combine the anterior tibial artery and 
the peroneal artery. A solitary transfibular ap
proach is possible only if the most proximal seg
ments of both arteries must be revascularized (see 
p. 412). Two incisions are needed to combine the 
anterior tibial artery and the posterior tibial ar-
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Fig. 17.3.6. a Sequential bypass : first side-to-side anasto
mosis with the peroneal artery, then end-to-side anasto
mosis with the distal portion of the posterior tibial ar
tery. b Jump bypass. First a femoroperoneal bypass is 
performed. A second vein graft is anastomosed end to 
side with the distal part of the first vein bypass graft, 
serving as a blood conduit to the distal portion of the 
anterior tibial artery 

Fig. 17.3.7a-c. Different ways of constructing an arterio
venous fistula at the level of the distal femorocrural by
pass anastomosis 
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tery, one on the lateral side and a second on the 
medial side of the lower leg (see p. 406). 

If additional revascularization of the distal por
tion of the popliteal artery or of the tibioperoneal 
trunk is necessary, these vessels can be exposed 
through either a medial (see p. 406) or a lateral 
incision (see p. 412). 

n. Distal Arteriovenous Fistula 

In order to construct mUltiple distal anastomoses, 
two arterial segments must be patent below the 
knee joint. If only one segment is patent, or if 
a sequential or jump bypass is not possible for 
other reasons, the construction of a distal arterio
venous fistula should be considered [5, 9, 12]. 

There are several ways of constructing a distal 
arteriovenous shunt. Figure 17.3.7 shows the 
methods most often applied. The connection be
tween the host artery and the vein graft must not 
be too wide. 

m. Application of PTA 

Finally, there is the possibility of dilating a stenosis 
in the peripheral portion of the host artery during 
the operation by PTA, if the length of the available 
vein graft does not allow the distal anastomosis 
to be constructed further distally. However, the re
sults of this adjuvant procedure are unsatisfactory. 

b 
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c 

Fig. 17.3.8a-c. Femoropopliteal bypass alternatives. 
a Composite bypass. b Hitchhike bypass. c Jump bypass 

Fig. 17.3.9. a The proximal 6 mm wide prosthesis is anas
tomosed in a wedge-shaped fashion to a 4 mm wide in
termediate tube; oblique anastomosis between the inter
mediate tube and the vein graft of equal diameter. 
b Widening of the end of the vein graft with a wedge
shaped venous patch. Differences in caliber between the 
prosthesis and the vein are thus compensated 
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J. A1ternative Femorocrural Bypass 
Methods 

Total bridging with a venous bypass graft is the 
best method of revascularizing the lower leg and 
pedal arteries. However, the autogenous great sa
phenous vein is often too short or unsuitable for 
total bypass of long femoropopliteocrural occlu
sions. Synthetic and bioprostheses are inappropri
ate [19, 21]. They are inferior to venous grafts 
in every case. 

The basic principle of these alternative methods 
is to bridge the knee joint and construct a distal 
anastomosis, using only venous graft material [8]. 

I. Composite Graft (Fig. 17.3.8a) 

A composite graft, a synthetic prosthesis length
ened by connecting a vein graft to it, makes it 
possible to bridge long occluded arterial segments, 
even if only a short vein graft is available. How
ever, the end-to-end anastomosis between the 
prosthesis and the vein is a critical point, especially 
if the vein graft has a small caliber. It is absolutely 
impossible to construct a reliable direct connection 
between a 6 mm wide, relatively rigid prosthesis 
and a narrow thin-walled vein without constriction 
or kinking. 

There are several ways of adjusting differences 
in caliber between the prosthesis and the vein. Fig
ure 17.3.9a, b shows two of our own methods [8]. 

ll. Hitchhike Bypass (Fig. 17.3.8b) 

The hitchhike bypass (a short, disobliterated seg
ment of the popliteal artery used as a connecting 
conduit between the prosthesis and the vein) is 
a very successful procedure, especially if the avail
able vein graft is narrow. 

The femoral bypass prosthesis is anastomosed 
to the upper half of the arteriotomy made in the 
proximal portion of the popliteal artery; the vein 
graft is anastomosed to the lower half. 

A short segment of the popliteal artery is disob
literated within the region of the arteriotomy. This 
maneuver always opens some collaterals. An ad
vantage of this method is that only a short segment 
of the great or small saphenous vein or of an arm 
vein is necessary to bypass the knee joint and per
form the distal anastomosis. 
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ill. Jump Bypass (Fig. 17.3.8c) 

A variation of the hitchhike bypass is the jump 
bypass in which a segment of a vein graft is anasto
mosed end-to-side to the distal portion of a pros
thesis. 

Using this method, an anastomosis is estab
lished directly between the vein graft and the pros
thesis. Such a connection is technically and hemo
dynamically more favorable. 
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17 Occlusive Disease in the Lower Extremities 

17.4 In Situ Bypass 
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A. Introduction and Historical Background 

The basic principle of the in situ bypass technique 
was introduced with the first grafting operation 
on a human being. In 1906, in Madrid, GOYANES 
[3] bridged a defect of the popliteal artery with 
the popliteal vein, following resection of an aneu
rysm. The vein remained in situ. The first free 
transplantation of a vein was performed by LEXER 
[17] in 1907, following the resection of an aneu
rysm of the axillary artery. Although many reports 
on successful reconstruction of femoral arteries [1, 
8] were published in German journals, venous 
grafting did not gain general acceptance until JEAN 
KUNLIN [12, 13] published his pioneering work in 

1949. In the classical vein bypass procedure ac
cording to KUNLIN [12, 13], the entire great sa
phenous vein of the ipsilateral or contralateral leg 
is resected and orthotopically reimplanted into the 
arterial system after reversing it. In contrast, the 
in situ technique leaves the great saphenous vein 
incorporated in its surrounding connective tissue, 
and circumferential dissection is performed only 
at the sites of the proximal and distal anastomoses. 
The first attempts to bridge an occluded femoral 
artery with a vein left in situ can be attributed 
to ROB (1960) [9, 10]. ROB, and later CONNOLLY 
and STEMMER [2], tried to destroy the venous 
valves with a stripper by introducing it proximally 
and advancing it distally. This method was aban
doned by ROB in 1962 because of the vascular wall 
injuries that occurred during this maneuver, par
ticularly at the entries of the venous tributaries. 
The further development of the in situ technique 
is practically identical with the advances made in 
the atraumatic destruction of venous valves and 
the evolution of instruments necessary for this pro
cedure. Today, the early and late results are still 
dependent on this decisive maneuver [7]. 

The basic idea behind the in situ method is logi
cal enough. The wider, proximal portion of the 
great saphenous vein is anastomosed to the wide 
common femoral artery and the narrower distal 
portion of the vein to the popliteal artery, which 
is about equal in diameter. The conical tapering 
form of the graft accelerates blood flow within 
the vein in a distal direction. In contrast to the 
classical vein bypass method, destruction of the 
valves allows for the blood to flow dicrotically, 
which is physiologic. Preservation of the vasa va
sorum protects the graft against fibrosis. The al
most completely intact endothelium in the vein is 
the best insurance against immediate or early 
thrombosis. Because the saphenous vein usually 
tapers significantly from proximal to distal, the 
calibers of vein and host artery are practically 
equal at the distal anastomosis. Consequently, sa
phenous veins with a distal peripheral diameter 
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Fig. 17.4.la, b. Vein stripper 
according to HALL. a The strip
per is introduced in the direc
tion of venous blood flow and 
withdrawn carefully. The V
shaped base of the upper cylin
der catches the leaflets of the 
valve b disrupting them by be
ing withdrawn 

Fig. 17.4.2a, b. The Hall vein 
stripper. Modified according to I 

GRUSS (Insitucut) a !i b 

less than 2.5 mm, which would be unsuitable for 
classic vein bypass grafting, can be successfully an
astomosed. K.V. HALL [10] was the first to report 
on a practical method for destroying the venous 
valves. From 1961 to 1968, HALL exposed the ve
nous valves through transverse phlebotomies and 
carefully excised them. The main disadvantage of 
such a procedure is that it is very time-consuming, 
particularly if a large number of venous valves 
are present, as in lengthy femorocrural bypass 
grafts. Since 1968, HALL has used a vein stripper 
which he himself developed. The instrument con
sists of two metal cylinders mounted a short dis
tance apart on a fairly rigid wire. The base of the 
uppermost cylinder is a negative of a venous valve. 
The edges are blunt (Fig. 17.4.1). The stripper is 
introduced distally and passed through the vein 
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in the proximal direction, i.e., the direction of 
blood flow. As the instrument is withdrawn, the 
vein is distended and stretched by the first cylinder, 
so that the second cylinder hooks into the valve 
leaflets. The in-line arrangement of the two cylin
ders largely eliminates the problem so common 
with the older models of getting the stripper caught 
in the orifices of venous tributaries. HALL'S strip
per was slightly modified by us in 1983. The tips 
of both cylinders were molded into a conical form, 
and a polyfilament wire with a plastic coating was 
used as a carrier. The conical shape makes ad
vancement and withdrawal of the stripper easier. 
The flexible metal guide wire gives the stripper 
enough elasticity to follow the course of the vein 
through its curves (knee joint, inguinal region) 
without injuring the endothelium (Fig. 17.4.2). 
The most important part of the modification is 
the introduction of a very sharp cutting edge be
tween the two negative forms corresponding to 
the sinus of the venous valve. So this device is 
no longer a valve stripper, but a valve cutter (Insit
ucut R). A technically very complicated system 
of valve destruction is used by LEATHER [16]. Inci
sion of the valves is performed while they are 
closed following flushing of the vein graft from 
proximal to distal. A specially developed micro
scissors with a very long handle is introduced into 
the vein from proximal to distal or inserted 
through tributaries into the vein. Each obstacle 
encountered is a closed venous valve with its leaf
lets aligned parallel to the skin surface. The valves 
are incised with a single snip of the scissors. Below 
the knee joint, LEATHER use a hook-shaped valvo
tome introduced through tributaries to incise the 
valves (Fig. 17.4.3). A very atraumatic instrument 
is the valve cutter developed by LEATHER, a double 
olive made of light plastic. The bottom portion 

Fig. 17.4.3a, b. Methods of valve incision. a Valve inci
sion using scissors. b Valvotomy with a hook-shaped 
cutting blade 
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Fig. 17.4.4. Valvotomy catheter according to LEATHER 

of the upper olive has an extremely sharp, short 
cutting blade. The valve cutter is pulled through 
the great saphenous vein, which has been filled 
under pressure from proximal to distal with hepar
inized saline solution (Fig. 17.4.4). 

Because the patency rates of 2-5 years follow
ing application of the Hall stripper are about the 
same as with the Leather stripper, long-term re
sults must be evaluated before a conclusive judg
ment can be made. Furthermore, of course, the 
long-term results depend on the technique of anas
tomosis, the intraoperative quality control, the 
treatment of venous tributaries, and the initial 
stage of the disease. 

B. Indications for Surgery 

The indication for in situ bypass is the same as 
for a classical femoropopliteal or femorocrural 
vein bypass. Reconstructions of the femoropopli
teal and femorocrural segments are usually per
formed in clinical stages III and IV. The indication 
for surgery in stage II disease must be accurately 
and strictly checked and individualized. Recon
struction in this stage may be performed only if 
the disease has led to considerable physical job 
disability and serious impairment in everyday liv
ing. The following scheme has proven very useful 
in the surgical decision-making process as it relates 
to the morphology of occlusive arterial disease. 

Thromboendarterectomy is only rarely per
formed; it is reserved for exceptional cases of high
ly localized occlusive disease where the short ob-
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structions involved cannot be relieved by percuta
neous intraluminal angioplasty. Segmental occlu
sions between the femoral bifurcation and the ad
ductor canal where the popliteal artery is normal 
and there is good run-off (i.e., all three lower leg 
arteries patent) are bridged by orthotopic interpo
sition of a PTFE prosthesis or an umbilical vein 
graft with a diameter of 6-7 mm. 

In situ bypass is indicated in all kinds of femor
opopliteal and femorocural occlusive disease, i.e., 
where the occluded segment of the superficial fem
oral artery may be of any length and the popliteal 
artery and/or at least one lower leg artery is dis
eased. 

c. Positioning and Surgical Approach 

For in situ bypass, the patient is placed in a supine 
position. The operating table is slightly tilted to
ward the surgeon. The leg must be completely free 
so that during the course of the operation the knee 
can be flexed or extended, as required. If the pe
ripheral anastomosis is planned at the popliteal 
artery or the tibioperoneal trunk, the distal part 
of the lower leg and also the foot are wrapped 
in sterile towels. If a long femorocrural bypass is 
planned, then it is better to pull two sterile rubber 
gloves over the foot. For intraoperative angiogra
phy, it must be possible to position the operating 
table horizontally and to lower it. 

The proximal segment of the great saphenous 
vein and the femoral bifurcation are easily exposed 
through an S-shaped incision in the groin. The 
incision should extend from the upper outer part 
of the inguinal region across the inguinal ligament 
downward to the medial and anterior side of the 
thigh. The lymph nodes are retracted laterally (see 
p.393). 

The distal incision is always made below the 
knee. If one plans to anastomose the graft to the 
third popliteal segment or the tibioperoneal trunk, 
the incision is made just below the knee joint. In 
other cases, the incision is always made at the level 
of the designated site of the distal host artery-graft 
anastomosis and always runs in a longitudinal di
rection, parallel to the medial margin of the tibia 
and about one fingerbreadth behind it (see 
p. 394ff.). Following the skin incison, the great sa
phenous vein is localized first in order to avoid 
accidental damage to the graft. Anastomosis of 
the graft to the proximal peroneal artery is also 
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a fIiedial, longitudinal incision. Only anastomosis 
to the anterior tibial artery and the distal peroneal 
artery requires a longitudinal incision on the later
al side of the lower leg, performed in the usual 
way when exposing this artery. 

D. Surgical Technique 

I. Dissection of the Vein and Valve Destruction 

The first step in the operation is to examine the 
suitability of the greater saphenous vein for use 
as a graft. A longitudinal incision is made along 
the tibia at the level of the designated site of the 
distal anastomosis, and the greater saphenous vein 
is exposed. For grafting to the popliteal artery, 
we find veins up to a diameter of 3 mm suitable, 
and for anastomosis to peripheral lower leg arter
ies, veins up to a caliber of 2.5 mm are still ade
quate. The vein is only inspected and not touched. 
It is not yet dissected out of its surrounding tissue. 
Ascending phlebography to test the suitability of 
the vein for a graft is not performed in order to 
prevent possible injury to the graft by the contrast 
medium. If the caliber of the graft is adequate, 
the host artery is dissected next at the level of 
the proposed anastomosis, as determined from the 
preoperative angiogram. The artery must often be 
exposed peripherally because of vascular wall le
sions and calcifications. In the popliteal artery or 
the tibioperoneal trunk, this is done by dividing 
the fascia and the hamstring tendons. The host 
artery is dissected around its entire circumference, 
and an umbilical tape is passed around it. The 
next step is to expose the entry of the great saphe
nous vein into the deep femoral vein through an 
S-shaped incision in the groin. During this maneu
ver, it is important to dissect carefully the inferior 
epigastric vein over a length of about 2-3 em with
out dividing it. In addition, a 2- to 3-em-Iong por
tion of a second upper tributary of the great sa
phenous vein should be saved for intraoperative 
angiography. Each of the other cranial branches 
is occluded with two metal clips at the level of 
their entry and then divided. During dissection, 
the vein should not be touched with so-called 
atraumatic instruments. Manipulation of the vein 
should be done only with a moistened rubber tape. 
The femoral bifurcation is exposed as usual. Tapes 
are placed around the superficial common femoral 
and prOfunda femoris arteries. 
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Blood flow is interrupted, and a longitudinal 
arteriotomy is performed at the site of the distal 
anastomosis. The length of this arteriotomy 
should be 2-3 times greater than the diameter of 
the graft. The vascular wall is inspected and retro
grade flow is controlled. The vessel is filled in both 
directions with heparinized saline solution. To as
sess the condition of the outflow tract, the distal 
portion of the vessel is carefully explored with a 
Fogarty catheter. We perform a trial exposure in 
the same manner, followed by intraoperative an
giography. 

Once the level of the distal anastomosis has 
been determined, the great saphenous vein is dis
sected circumferentially at the designated site. The 
branches and peripheral veins are occluded with 
tantalum clips. The vein is incised transversely, 
and the anterior wall is marked with a stay suture. 
After the vein has been flushed with heparinized 
saline solution, the graft is compressed digitally 
at the upper corner of the distal incision and slight
ly dilated by careful injection of heparinized saline 
solution. An Insitucut with a diameter that just 
fits through the lumen of the vein without diffi
culty is introduced distally and advanced proxi
mally in the extended leg. During this maneuver, 
no resistance whatsoever must be overcome by 
force. The position of the lower end of the front 
olive, which has the corresponding negative of a 
vein valve form can be marked by attaching a 
Kocher forceps at the end of the stripper. The 
proximal olive is advanced under digital control 
through the saphenofemoral junction up into the 
common femoral vein so that the valve cutter, as 
it is withdrawn downward, can catch in the termi
nal valve of the saphenous vein and destroy it. 
The position of the olive at this site is controlled 
visually and by palpation. The cutter is withdrawn 
slowly. The position of the forceps allows for cor
rect orientation of the valve negatives of the cutter 
in relation to the skin surface. Each venous valve 
can be identified by a slight resistance or sudden 
tug. This maneuver is repeated with the same in
strument two or three times. The angle which the 
Kocher forceps makes with the skin surface can 
be changed slightly. After three passages, it is usu
ally possible to introduce an Insitucut of the next 
larger size and to repeat the maneuver. Then the 
vein is flushed once again with heparinized saline 
solution, and its distal end is occluded with a bull
dog clamp. 
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ll. Proximal Anastomosis 

Following the interruption of blood flow with 
common vascular clamps, a longitudinal arteriot
omy is performed at the femoral bifurcation. The 
pelvic arteries, the profunda femoris artery, and 
any patent proximal portions of the superficial 
femoral artery are filled with heparinized saline 
solution. If vascular calcifications or localized 
stenoses of the common femoral artery or of the 
profunda femoris artery are found, open throm
boendarterectomy at the site of the proximal anas
tomosis is necessary. The saphenofemoraljunction 
is occluded parallel to the long axis of the great 
saphenous vein with two large metal clips 
(Fig. 17.4.5). Using a Potts' scissors, the great sa
phenous vein is divided tangentially just above the 
two clips and then pulled toward the femoral ar
tery. In about 80% of our patients, the great sa
phenous vein is of adequate length, and, following 
phlebotomy on its posterior side, it can be directly 
connected to the femoral bifurcation, forming an 
oblique end-to-side anastomosis. In 20% the great 
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Fig. 17.4.5a-c. Dissection for proximal anastomosis. 
a Anatomy of the inguinal region. b Femoral vein, fol
lowing division of the greater saphenous vein. c Proximal 
portion of the dissected great saphenous vein 
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saphenous vein is not long enough. In these pa
tients, a longitudinal phlebotomy is performed on 
the posterior side of the inferior epigastric vein, 
starting at the lumen of the great saphenous vein. 
This maneuver forms a venous strip, extending up
ward (Fig. 17.4.6). Thus, it is always possible to 
connect the graft to the common femoral artery. 
If the inferior epigastric vein is not needed, it is 
simply ligated at its base with two metal clips and 
then divided. Prior to anastomosis, the sapheno
femoral junction is examined for remnants of the 
terminal valve or of a proximal valve, which may 
be carefully excised with a Potts' scissors. The sur
geon should be able to flush the graft easily from 
proximal to distal with heparinized saline solution. 
If the distal anastomosis is very peripheral, so that 
only a very small stripper can be used, it may be 
necessary to excise incompletely destroyed, proxi
mal venous valves locally. 

The anastomosis is performed with double 
monofilament 5-0 sutures. We start at the lower 
corner and first place five stitches on both sides, 
between the vein and the artery. Bulldog clamps 
are then fixed to both ends of the suture to put 
tension on them. The second suture is started at 
the upper corner of the incision. The proximal cir
cumference of the great saphenous vein or the 
rounded-off end of the inferior epigastric vein are 
fixed to the upper corner of the arteriotomy. The 
edges are sutured with a continuous over-and-over 
suture from the vein to the artery, with direction 
toward the surgeon. The upper sutures on both 
sides are tied to the lower sutures. After restora
tion of blood flow, a strong pulse must be palpable 
at the distal end of the vein. 
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Fig. 17.4.6. Elongation of the graft by incorporation of 
the inferior epigastric vein. The second unligated venous 
tributary is necessary for the introduction of the angio
graphic cannula 

In our earliest in situ bypass operations, we per
formed transverse end-to-end or oblique end-to
end anastomoses of the proximal end of the graft 
to the superficial femoral artery with and without 
thromboendarterectomy of the connection site, al
though the length of the graft was not adequate. 
Angiographic control of our first 100 in situ by
passes showed filiform stenoses of the superficial 
femoral segments in 5 of these patients, which had 
to be relieved by patch angioplasty. The stenoses 
occurred with and without thromboendarterec
tomy of the connection site. This observation com
pelled us to perform the proximal anastomosis 
only end-to-side at the femoral bifurcation with 
inclusion of the common femoral artery. In pa
tients who had recurrent occlusions following 
thromboendarterectomy or who had a bifurcation 
prosthesis implanted prior to graft surgery, the 
proximal anastomosis is established with the pro
funda fermoris artery, bypassing the scarred tissue 
region [4, 6]. 
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III. Distal Anastomosis 

In the popliteal artery (segment III), the anastomo
sis may be performed either obliquely end-to-side 
or end-to-end depending on the anatomic situa
tion. An end-to-end, anastomosis seems appro
priate if a very proximal popliteal trifurcation 
causes a sharp angulation of the graft on its course 
from the subcutaneous tissue to the artery; such 
angulation, of course, is hemodynamically unfa
vorable (Fig. 17.4.7). 

In such cases, the popliteal artery is occluded 
as far proximally as possible with two metal clips 
and divided; its peripheral portion is then approxi
mated to the vein graft. Its periphery is filled with 
heparinized saline solution. The distal end of the 
graft is positioned near the artery, and the length 
of the graft necessary for anastomosis is measured 
only when the leg is extended. It should not pass 
the edge of the fascia under tension; otherwise, 
kinking of the graft will result. The peripheral end 
of the vein which has been mechanically injured 
by grasping it with the forceps and by introduction 
of the stripper is always discarded. The stay suture 
at this end is needed for orientation, in order to 
prevent twisting of the graft. 

An end-to-end anastomosis is performed with 
two double monofilament 6-0 sutures, using the 
rotation technique. The oblique end-to-side anas-
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tomoses at the third popliteal segment, the tibio
peroneal trunk, the posterior tibial artery, or the 
peroneal artery are performed as described earlier 
for the proximal anastomosis (Fig. 17.4.8). 
Thromboendarterectomy at the peripheral host ar
tery-graft junction should be avoided, if possible. 
Additional precautions must be taken when con
structing an anastomosis at the anterior tibial ar
tery: 

1. A longer portion of the great saphenous vein 
must be exposed and dissected out of the sur
rounding tissue. 

2. The window in the interosseous membrane 
must be large enough, and it must lie 2-3 cm 
above the peripheral anastomosis. 
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Fig. 17.4.7. Distal end-to-end anastomosis 

Fig. 17.4.S. Distal end-to-side anastomosis 
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Fig. 17.4.S 

3. Special care must be taken to prevent twisting 
of the graft and to facilitate its orientation with 
the stay suture. 

4. The distal arteriotomy must be performed on 
the anterior aspect of the artery by rotating the 
artery externally, using both vascular clamps 
to obstruct blood flow. 

To construct the anastomosis at the peripheral 
lower leg arteries, we use magnifying glasses with 
a magnifying power of 21 /2 times. Technically 
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Fig. 17.4.9a-c. Correction of a stenosis caused by twist
ing and kinking at the distal anastomosis. a Stenosis 
through kinking and twisting. b Transverse phlebotomy, 
straightening, end-to-end anastomosis. c Longitudinal 
phlebotomy and venous patch angioplasty (with less dis
tortion) 

speaking, the most difficult step in the peripheral 
end-to-side anastomosis are the first stitches at the 
upper corner of the anastomosis. In order to pre
vent narrowing at this site, only a very small bite 
of the venous wall should be taken, and the adven
titia at the margins of the phlebotomy must be 
removed. If, in spite of these precautions, a steno
sis is present following the restoration of blood 
flow, immediate correction by incorporation of a 
short autogenous vein patch should be performed 
during the same operation. This patch technique 
has proven very reliable and effective in eliminat
ing slight twisting and distortion of the graft 
(Fig. 17.4.9). 

IV. Technical Problems 

If an obstruction is encountered during destruc
tion of the venous valves, no effort should be made 
to overcome this obstruction with a smaller or a 
larger stripper. The great saphenous vein is ex
posed through a short longitudinal incision at the 
level of the palpable head of the stripper and in
spected. If the tip of the cutter is caught in an 
orifice of one of the venous branches, this tribu
tary should be occluded with two metal clips and 
the cutter advanced proximally under direct visual 
control (rare). If the obstruction is caused by a 
localized postphlebitic venous lesion, the vein must 
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be dissected in that area for assessment of the ex
tension of the lesion. Sometimes, one is successful 
in excising a short segment of the vein and restor
ing its continuity by an oblique end-to-end anasto
mosis. In other cases, interposition of a peripheral
ly excised venous segment is necessary. A third 
possible complication is perforation by the cutter, 
which we observed only once during our first year 
of experience with the in situ technique and never 
again thereafter. We were able to correct injury 
in one case by an end-to-end suture and in two 
other cases by incorporation of a venous patch 
[5, 7]. 

Once the proximal anastomosis has been com
pleted and blood flow is restored, the peripheral 
portion of the graft should pulsate; if it does not, 
the cause may lie in an intact, functioning venous 
valve. In such cases, the venous valve can be de
stroyed by repeated introduction of an Insitucut 
of the largest possible size. However, because in 
most cases a unique anatomic variation is present, 
this maneuver is not always successful and only 
direct dissection of the vein at the site of the valve 
will restore flow to the pulse less part of the graft. 
One usually finds a venous valve with leaflets that 
do not originate at the same level within the vein 
and consequently impede passage of the cutter. 
The persistent valve is carefully excised with Potts' 
scissors. Usually, a longitudinal phlebotomy must 
be performed, which is closed with a venous patch. 
A third possible cause, spasm of the venous graft, 
can only be detected by angiography and over
come pharmacologically. 

After completion of the peripheral anastomosis, 
a strong arterial pulse wave can be felt along the 
corresponding host artery. If the peripheral pulse 
disappears as soon as the leg is extended for arteri-
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Fig. 17.4.10 Peripheral causes of graft occlusion. a Kink
ing of the great saphenous vein at the margin of the 
fascia, b graft is too long, c anastomosis is performed 
too far proximal (unfavorable angulation at the anasto
mosis) 

ography, the cause is almost always kinking of 
the vein, either at the proximal margin of the fascia 
or at the margin of the interosseous membrane, 
if the window is too small. Both problems are easi
ly solved by a simple snip of the scissors 
(Fig. 17.4.10). 

We think there are only two situations in which 
it is justifiable to connect an in situ graft to the 
first popliteal segment above the knee joint: 

1. When an isolated segment of the popliteal ar
tery must be revascularized and no peripheral 
connection is possible. 
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2. When the distal portion of the great saphenous 
vein shows postphlebitic changes and a graft 
long enough for revascularization is therefore 
not available [4]. 

In all other cases the bypass is connected below 
the knee. We have seen high-grade degenerative 
changes and even occlusions in the second and 
third popliteal segment develop very quickly when 
the anastomosis between host artery and graft is 
performed above the knee. The in situ bypass can 
be performed with two separate teams working 
simultaneously, in order to shorten operating time 
[4, 7, 11]. 

E. Intraoperative Angiography 

Intraoperative angiography is absolutely essential 
[6]. If the inferior epigastric vein is not needed 
for construction of the anastomosis, the plastic an
giographic cannula is inserted and tied to this vein. 
Then, 50 ml of warm 60% contrast medium is in
jected by hand. After removal of the cannula, the 
venous tributary is closed with two metal clips. 

Angiography allows accurate assessment of the 
course, length, and caliber of the graft. Venous 
loops, kinking at the margin of the fascia, and 
technical errors at the distal anastomosis can be 
discovered. All efferent branches of the great sa
phenous vein are well filled with contrast medium, 
whereas the afferent venous branches are only 
shown as far as the first closed valves. In 22% 
of cases, intraoperative angiography detects errors 
that require correction [6, 7]. These are mostly 
sharp angulations and kinking of the graft at the 
margin of the fascia, which are simply relieved by 
notching the fascia. Grafts which are too long, 
stenoses at the anastomoses, distortions of the 
graft, or peripheral intimal dissections are cor
rected immediately (Fig. 17.4.9). 

Contrary to the opinion of several French au
thors [14], we find it necessary to interrupt all 
larger efferent (perforating) veins and all larger 
afferent venous branches. The ligation of venous 
branches is easier if, prior to angiography, mosqui
to clamps and cannulas are placed alternately 
along the medial surface of the thigh at intervals 
of 10 cm. This maneuver allows exact localization 
of venous branches so that with a palpable graft 
only short (about 2 cm) additional incisions need 
be made along the medial side of the thigh and 
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the lower leg in order to identify the branches and 
ligate them with clips. Thus, complete denudation 
or circumferential dissection of the great saphe
nous vein can be avoided. Branches which have 
been overlooked and left in situ lead to localized 
painful inflammation over the venous graft during 
the first postoperative days and cause a loud ma
chinelike murmur. Large arteriovenous fistulas 
may lead to very painful skin necroses if they are 
not ligated. 

Large perforating veins which are left in situ 
pose an additional risk in the long run. If the un
derlying arterial disease progresses, resulting in 
higher peripheral resistance, these veins can cause 
a steal phenomenon, whereby arterial blood is 
shunted directly into the deep venous system. This 
may lead to distal thrombosis of the graft. Recent
ly, in a few cases with very impaired peripheral 
run-off, we purposely left one or two peripheral 
venous branches unligated in order to provide ade
quate flow through the graft. It is still undeter
mined whether such peripheral arteriovenous fistu
las are effective in limb preservation. 

Electromagnetic flow measurements, done in 
addition to intraoperative angiography, show that 
flow at the proximal anastomosis is twice as great 
as at the distal anastomosis in many cases. Blood 
flow at the proximal anastomosis should be be
tween 340 and 114 ml/min in femoropopliteal by
passes prior to ligation of the venous branches. 
After ligation, the measured blood flows are al
most equal. However, two observations are impor
tant: 

1. Following ligation of the branches, there is al
most always a greater flow in the proximal por
tion of the graft than in its distal portion. 

2. On average, proximal blood flow is almost al
ways slightly reduced following ligation of the 
branches. 

The average flow through a femoropopliteal in situ 
bypass at the upper anastomosis is 220 ml/min 
prior to branch ligation and 210 ml/min thereafter. 
The corresponding values at the lower anastomo
sis are 160 mlfmin and 195 ml/min. Our flow mea
surements were done with the Nycotron 376 flow 
meter. 

Postoperatively, all patients who have no con
traindications are anticoagulated with dicoumarin 
preparations for a longer period of time. Patients 
who may not receive this medication are given 
0.5 g acetylsalicylic acid daily. 

J.D. GRUSS 

F. Postoperative Complications 

I. Immediate Occlusion 

Postoperative patency control of an in situ bypass 
is simple and can be done by the patient or by 
the nursing personnel; only simple palpation of 
the graft is required, preferably at the level of the 
knee joint (on a solid surface). An immediate oc
clusion on the day of the operation or during the 
next few days can have three causes: 

1. A poor general circulation with long hypoten
sive periods and external compression of the 
graft 

2. Excessively high resistance to run-off 
3. Technical errors 

The first two causes are rare because blood flow 
through in situ transplants is usually maintained, 
even if blood pressure is severely reduced and the 
peripheral run-off is extremely limited. In most 
cases the problem can be traced to surgical tech
nique or to mechanics. To correct the occlusion, 
the longitudinal incision along the tibia is re
opened, the distal anastomosis exposed, and the 
graft opened by a longitudinal phlebotomy at the 
anastomosis. A thrombectomy of the bypass using 
a Fogarty balloon catheter is performed with ex
treme caution. If the balloon is inflated too much, 
the intima and the entire venous wall may tear 
longitudinally. Disobliteration is technically very 
simple. As soon as pulsatile blood flow is restored, 
the graft is filled with heparinized saline solution. 
When the anastomosis is inspected, intimal dissec
tion is one of the most frequent disorders found 
distal to the anastomosis. This usually develops 
only after blood flow has been restored for a con
siderable time and is thus often overlooked during 
intraoperative angiography. Further causes are 
stenoses at the anastomoses or slight twisting of 
the graft which the surgeon did not deem severe 
enough for correction. If no cause of the occlusion 
is found, the proximal anastomosis should be 
checked in every case, even though intimal dissec
tion and graft occlusion are rare at this site. Intra
operative control angiography should always be 
repeated. Following thrombectomy, it also pro
vides a means of detecting an overlooked function
ing venous valve. Some 10% of all bypasses with 
immediate reocclusion exhibit long-term patency 
following thrombectomy alone, even though no 
mechanical cause of the occlusion is found. 



17.4 In Situ Bypass 

ll. Arteriovenous Fistula 

Between the 2nd and 8th postoperative day, pain
ful inflammation and swelling may occur along 
the course of the vein graft on the medial side 
of the thigh and lower leg. In auscultation over 
these sites, a typical continuous machinelike mur
mur can be heard, which makes the diagnosis sim
ple. The murmur is produced in afferent vessel 
branches. These branches escape detection during 
intraoperative angiography because their valves 
are at that point still intact; but dilatation then 
renders the valves insufficient with consequent 
hemodynamic effects on the arteriovenous blood 
flow. These tributaries can be localized very pre
cisely by palpation, auscultation, and Doppler ul
trasonography. This makes their ligation through 
short additional incisions easy. Smaller venous 
branches usually occlude by themselves. The larger 
ones have a high risk of producing painful skin 
necrosis with danger of infection. 

m. Early Occlusion 

Graft occlusions which occur after hospital dis
charge up until the end of the 6th postoperative 
month are treated just like immediate occlusions. 
In addition to the causes already discussed, two 
more must be added to the list: 

1. Progressive impairment and limitation to the 
run-off (treatment is the same as in chronic re
current occlusions). 

2. A steal phenomenon as a result of an arteriove
nous fistula. In this case pulsation is found in 
the proximal portion of the graft, ending at the 
site of the fistula. The distal portion is clotted. 
Following thrombectomy, the venous branch 
responsible is usually visualized as a large per
forating vein in the intraoperative angiogram. 
Ligation is therefore always possible. 

IV. Late Occlusion 

Graft occlusions beyond the 6th postoperative 
month may be classified into acute and chronic 
forms. An acute graft occlusion usually resembles 
the clinical picture of a complete ischemic syn
drome of the extremity. Angiography should not 
be performed on admission to hospital, and intra
muscular injections should be avoided. The patient 
immediately undergoes fibrinolytic therapy. If the 
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time between the occlusion and the beginning of 
treatment is not too long, patency of the graft can 
be restored in a few hours at the earliest. Detection 
of an occlusion is by palpation and Doppler ultra
sound. Only after these measures should angiogra
phy be performed. It usually allows the cause of 
the occlusion to be discovered, and the type of 
surgical reconstruction can be determined accord
ingly. Some of the causes include proximal ste
noses of the pelvic arteries, proximal stenoses at 
the anastomoses, distal stenoses at the anasto
moses as well as stenoses and occlusions within 
the outflow tract. The third step in treatment is 
the elimination of these irregularities: thromboend
arterectomy of a pelvic artery stenosis with patch 
angioplasty or bypass; vein patch angioplasty of 
a proximal or distal anastomotic stenosis; or ex
tension of the bypass graft by interposition of 
short vein segments, most likely an extension from 
the distal anastomosis to the posterior or anterior 
tibial artery. 

In chronic recurrent occlusion, patients slowly 
develop a severe ischemic syndrome over weeks 
or months, sometimes even reaching clinical stage 
IV. The venous graft, however, remains palpable, 
and pulsatile flow through the graft remains de
tectable by Doppler ultrasound. Total occlusion, 
which may ultimately occur, does not necessarily 
lead to worsening of clinical symptoms. 

Chronic, recurrent occlusion is rarely caused by 
a slowly increasing steal syndrome through a large 
perforating vein, as described above, but rather, 
a progressive restriction of peripheral run-off, cul
minating in the total occlusion of the distal popli
teal artery and the lower leg arteries. Because the 
patients do not experience recurrent occlusion 
acutely, fibrinolysis is usually not applied soon en
ough. Lysis is only successful in every third case. 
If angiography shows a perforating vein, correc
tion is easy. Yet, most commonly a totally oc
cluded peripheral run-off is found which cannot 
be recanalized by lysis. Thus, blood flow in the 
vein bypass fills only the proximal portion of the 
popliteal artery. Correction is only possible if pa
tent peripheral segments of one of the three lower 
leg arteries are seen in the arteriograms. In such 
a situation, the in situ graft can be extended and 
connected to an open lower leg artery by using 
the remaining distal portion of the saphenous vein 
or the small saphenous vein. If this procedure can
not be performed and lysis is unsuccessful, one 
can try to improve circulation by profundaplasty 
and lumbar sympathectomy. 
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V. Rare Complications 

The infection of an in situ graft or of an anastomo
sis in an in situ bypass graft is extremely rare. 
We have not observed this complication in any 
of our 500 in situ bypasses. Also, traumatic rup
ture of an in situ graft is very rare. We observed 
this complication in only one case. The graft expe
rienced varicose, tortuous degeneration within 6 
years after surgery. A very wide great saphenous 
vein with a proximal diameter of over 6 mm was 
used in this patient. A sports injury led to rupture 
of the graft with massive arterial bleeding. A ve
nous diameter of 6 mm should be the upper limit 
for in situ bypass grafting. 

G. Results of Treatment and Comparison 
with Classical Vein Bypass 

We have performed about 500 in situ bypasses. 
At the end of the first postoperative year, 87% 
of the grafts were still functioning well. After 2 
years, the patency rate was 84% [11], after 5 years 
76% [4, 7]. The 2-year patency was examined in 
every case by angiography. These results are com
parable to those of other authors (Table 17.4.1). 

Results of 10-year follow-up have been re
ported only by HALL [20]. Some 50% of his 227 
patients died during the follow-up period. Of those 

Table 17.4.1 

Author 

HALL 
ROSTAD 
LEATHER 
GRUSS 

Year 

1979 
1979 
1982 
1984 

Table 17.4.2 

Author 

CuTLER et al. 
DARLING et al. 
STEVENS et al. 
REICHLE et al. 
REICHLE et al. 
MULLER-WIEFEL 

et aI. 
MANNICK, 

2-year patency rate 

87% (valve excision) 
80% (valve stripper) 
85% (valve cutter, valvotomy) 
84% (Hall stripper) 

Year 5-year patency rate 

1976 72% 
1977 72% 
1980 57% 
1980 60% (femoropopliteal) 
1980 47% (femorocruraI) 
1983 68% 

1983 72% 
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who were still alive after 10 years, 55% showed 
a patent, well-functioning femoropopliteal or fe
morocrural in situ graft [5, 15]. 

The patency rates of classical vein bypass seem 
to lie somewhat below the results achieved with 
in situ bypass (Table 17.4.2). The 10-year patency 
rates, which are comparable to the results of HALL, 

are 54% in femoropopliteal bypass grafts and 42% 
in femorocrural bypass grafts [7, 18, 19]. 

A comparison between such follow-up statistics 
must always remain questionable and should be 
interpreted with caution. The surgical patient 
groups differ as to age, severity of clinical symp
toms, risk factors, and additional conservative 
therapeutic measures. In spite of all criticism, the 
tendency in favor of the in situ bypass is supported 
by a prospective randomized study done by 
LEA TIlER [16]. In a series of 69 femorocrural vein 
grafts in limbs with stage IV disease and impend
ing amputation, the cumulative patency rate after 
12 and after 30 months was 93% and 91 % for 
in situ bypass and 68% and 63% for the classical 
reversed vein bypass graft (p<O.01). The study 
was officially discontinued in view of these impres
sive and overwhelming results. 
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A. Introduction 

Two-level arterial obstructions of the lower limb 
soon lead to high-grade, peripheral impairment of 
blood flow; the result is a greatly reduced walking 
distance, rest pain, or ischemic tissue lesions. In 
most cases, there is an absolute indication for vas
cular reconstruction as long as advanced gangrene 
does not necessitate amputation. 

Basically, two-level arterial obstructions in the 
pelvic and femoral regions can be classified into 
two forms: segmental and continuous. 

The segmental form does not pose great prob
lems. If an unoccluded patent segment lies between 
a pelvic artery obstruction and a femoral artery 
obstruction, the first operation should be limited 
to reconstruction of the proximal arterial segment. 
This often results in an increase in the patient's 
walking distance, so that surgical treatment of the 
distal obstruction is not necessary. Of course, if 

symptoms are still severe and tissue lesions persist, 
the patient must undergo a second operation for 
reconstruction of the femoral artery segment. 

If one of the two levels is obstructed by a short 
occlusion or stenosis, percutaneous transluminal 
angioplasty may be indicated. Preferably, translu
minal dilatation of one segment and surgical re
construction of the other are performed during the 
same session. If, however, the surgical team does 
not have the necessary experience, or if the appro
priate X-ray equipment is not available, both pro
cedures should be performed separately, with care
ful consideration of the time interval between 
them. If PTA is performed a few days prior to 
surgical reconstruction, the correct surgical ap
proach will be complicated by the presence of an 
inguinal hematoma and consequently by a higher 
risk of infection. Postponing surgery until the he
matoma is absorbed means a longer period ofhos
pitalization. This is the main reason why PTA and 
surgery should be done on the same day. That 
way, a hematoma will not disturb surgery, and 
the risk of infection is not increased. 

More difficulties are encountered in continuous 
two-level arterial obstructions. In the operative 
treatment of such extensive occlusive disease, the 
surgeon, like Odysseus, has to steer a course be
tween Scylla and Charybdis. He either strives for 
a total and hemodynamically perfect reconstruc
tion of both levels, which may exceed a reasonable 
surgical risk, or, in view of such a high risk, he 
limits arterial reconstruction to the pelvic level, 
which may lead to unsatisfactory results. Our own 
experience confirms the observations of several au
thors who have shown in clinical hemodynamic 
studies that 30-57% of all patients with continu
ous two-level arterial obstruction had to undergo 
a second operation at the femoral arterial level 
[4,6,9, 11]. 
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B. Choice of Surgical Procedure -
Total Correction Versus Profunda 
Revascularization 

There are two basic methods of reconstruction: 

1. Reconstruction of the pelvic arteries alone (pro
funda revascularization), which is relatively 
short, technically simple, and has a low rate 
of reocclusion, but sometimes an uncertain out
come or subjectively unsatisfactory results, and 

2. A time-consuming and technically complicated 
unilateral or bilateral total reconstruction, with 
a higher risk of reocclusion, but better long
term results, ultimately leading to total elimina
tion of clinical symptoms and complete cure. 

In recurrent occlusion, reconstruction should be 
limited to the pelvic arteries in combination with 
profundaplasty, especially if in the first operation 
the great saphenous vein has been used as a graft. 

The decision as to which procedure is best is 
much more difficult in primary surgery. 

It is often maintained that reconstruction 
should always be limited to the pelvic arteries in 
the correction of a thrombotic obstruction of both 
pelvic and femoral arterial levels. It is argued that, 
if the results are unsatisfactory, the distal femoral 
segment can always be revascularized in a second 
operation. 

There are certainly objections to this opinion. 
First of all, the percentage of failure following sole 
reconstruction of the pelvic region is relatively 
high, 20-57%. All of these patients must undergo 
surgery a second time. This involves considerable 
physical and psychological stress for the patient, 
and also for the surgeon! Such a second operation 
is very difficult. The risk of infection is higher. 
And there is the question as to whether there will 
even be a second operation. One must not forget 
that in most cases a lack of clinical improvement 
following reconstruction of the pelvic region is a 
sign that run-ofT is inadequate, and this is the most 
important factor leading to reobliteration of a re
constructed vessel. 

A recurrent occlusion is almost always inoper
able, mainly because the obstruction usually af
fects the profunda femoris artery. Furthermore, 
ischemia of the limb is often so severe that amputa
tion is inevitable. The surgeon should be aware 
of these complications when deciding whether to 
perform oniy a partial correction. 
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The question as to which method of reconstruc
tion should be applied in primary surgery can best 
be answered after assessment of the following cri
teria: 

- General condition of the patient 
- Severity of symptoms 
- Angiographic details 
- Preoperative noninvasive, diagnostic measure-

ments 

There is also the possibility of predicting the out
come of a reconstructive procedure by intraopera
tive measurements. 

It must be emphasized that the prediction of 
such results is possible only if all criteria are seen 
as interrelated and are accordingly weighed 
against each other. 

I. General Condition of the Patient 

Surgery for two-level arterial obstructions always 
imposes a considerable burden on the patient. This 
is especially true for bilateral total correction, an 
operation which is only seldom indicated. But even 
a unilateral reconstruction of the pelvic arteries 
should be performed only if the coronary, cerebral, 
pulmonary, and renal condition of the patient does 
not make the surgical risk unacceptable. 

On the other hand, one should remember that 
a major limb amputation is considerably more 
dangerous than an extensive vascular operation. 
The operative mortality of a major amputation 
is about 25%, and that of an extensive vascular 
reconstructive procedure 3-10%. 

Patients in whom ischemic damage and severe 
symptoms (rest pain, gangrene) might make ampu
tation necessary, should not be excluded from at
tempts to preserve the limb, even if their general 
condition is not the best. However, only that pro
cedure should be performed which has the best 
chance of being successful, and that is total correc
tion. 

ll. Severity of Symptoms 

Only certain general and basic guidelines exist 
which aid in assessing this criterion correctly. 

Intermittent claudication is only a relative indi
cation for surgery. An operation is advisable only 
if the walking distance is extremely limited (shorter 
than 100 m), and the patient feels strongly disabled 
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in private and professional activity, or the walking 
capability quickly deteriorates in a short time. If 
the limb is not at risk at the moment, there are 
no objections to partial correction, especially if 
all other criteria promise success of sole recon
struction at the pelvic level. 

In patients with stage III or IV disease total 
correction should be preferred. 

ill. Preoperative Angiogram 

Previous publications have stressed the importance 
of preoperative angiograms for the localization of 
arterial obstructions and for choosing the best sur
gical procedure [3, 10]. Table 17.5.1 contains an 
expanded algorithm showing which reconstructive 
procedure achieve the best results in certain types 
of two-level occlusive arterial disease. Four differ
ent constellations are considered: 

Type A is a two-level obstruction with good 
patency of the profunda femoris artery and a good 
collateral system between the profunda branches 
and the popliteal artery, but with insufficient pe
ripheral circulation. If no gangrene is present and 
this constellation is found, reconstruction at the 
pelvic level alone usually achieves good results, 
so that the procedure may be limited to profunda 
revascularization. If peripheral gangrene is pres
ent, profunda revascularization alone seldom leads 
to cure of the gangrenous lesions. Total recon
struction should be preferred under these circum
stances. 

A second form (type B) shows the same constel
lation: obstruction of the iliac artery and femoral 
artery with good patency of the profunda femoris 
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artery, but with an insufficient collateral system 
of the profunda branches or with occlusion of the 
recipient segments of the popliteal artery. 

Independent of the condition of the distal popli
teal and lower leg arteries, revascularization of the 
pelvic arteries alone in such cases usually leads 
to unsatisfactory results, especially if gangrene is 
present. This obstructive type does not allow for 
alternatives in reconstruction. The only successful 
procedure is total reconstruction in one operation. 
This means that the profunda femoris artery and 
the lower leg arteries have to be revascularized. 

The third combination (type C) is a continuous 
two-level obstruction with an occluded or strongly 
sclerotic profunda femoris artery, poorly devel
oped profunda - popliteal collateral system, but 
with patent peripheral vessels. Profunda revascu
larization is not very promising (assuming it is 
even possible) so that correction of both levels 
must be preferred. 

With the fourth variation (type D) (profunda 
femoris artery, its collaterals, and the peripheral 
vessels all patent), there are two alternatives: (1) 
sole reconstruction at the pelvic level (profunda 
revascularization) or (2) total reconstruction at 
both levels (restoration of profunda circulation 
and reconstruction of the femoropopliteal seg
ment). 

The choice between the two operative regimens 
in this type are principally dependent on the fac
tors listed in Table 17.5.2. 

If the greater saphenous vein is not suitable for 
a bypass graft, the profunda femoris artery is of 
good quality, and the profunda - popliteal collat
eral system is well developed, the procedure is lim
ited to definitive revascularization of the profunda 

Table 17.5.1. Choice of surgical procedure in obstructions of the pelvic and femoral arteries with reference to 
angiographic fmdings 

Type of Iliac artery Profunda Profunda- Distal popliteal artery 
combined and femoral femoris popliteal lower leg arteries 
obstructions artery artery collateral 

system < without gangrene-profunda revas-
A occluded patent sufficient insufficient cularization 

with gangrene-total correction 

B occluded patent insufficient insignificant total reconstruction 

C occluded stenosed insufficient sufficient total correction 
or occluded 

D occluded patent sufficient t t -=::::::::::: profunda revascularization or 
pa en total reconstruction 
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Table 17.5.2. Factors which influence the choice of oper
ative regimen in obstructive type D disease 

Social environment 
Availability of suitable autogenous material for recon-

struction 
Access to the vascular region 
Condition of the profunda femoris artery 
Condition of peripheral run-off 
Severity of limb ischemia 

femoris artery. This is also the operative method 
of choice for recurrent occlusion and in cases 
where peripheral run-off is not very good. 

Simultaneous total reconstruction of both lev
els must be preferred: if no significant general risk 
factors are present; if the great saphenous vein 
is suitable for use as a bypass; if adequate flow 
through the profunda femoris artery is doubtful; 
if the peripheral vessels are patent; if ischemia is 
severe with strong limitation of walking distance; 
if resting pain or gangrene exist; if the cure of 
these clinical symptoms by sole revascularization 
of the profunda femoris artery would take too long 
or is doubtful and unrestricted walking ability is 
necessary or desirable for occupational or social 
activities. 

IV. Preoperative Noninvasive Assessment 

Results of examinations in the vascular laboratory 
help in choosing between profunda revasculariza
tion and total correction. Certain tests aim at 
measuring the hemodynamic effects of occlusive 
processes in aortoiliac and femoropopliteal arter
ies. They help to establish which of the two levels 
dominates the hemodynamic situation. Basically, 
the question should be answered whether recon
struction of pelvic segments alone is promising or 
not. 

Some of these examinations together with the 
criteria discussed above can have considerable in
fluence on the surgeon's choice of operative proce
dure. 

If there is doubt that an iliac lesion found dur
ing preoperative angiography is of hemodynamic 
significance for the lower limb, direct invasive 
measurement of common femoral artery pressure 
is the most reliable diagnostic means of clarifying 
this point, especially if the pressure gradient at 
rest and following reactive hyperemia is deter-

435 

mined [5]. Positive findings signify that sole recon
struction of the pelvic arteries will lead to success 
in over 90% of cases [2]. 

Segmental blood pressure measurement by 
Doppler sonography is also recommended for this 
purpose. In patients with high pressure in the 
thigh, the hemodynamic effect of iliac lesions is 
minimal, and therefore positive results cannot be 
expected in proximal reconstruction. However, the 
sensitivity of this diagnostic measure in multilevel 
occlusive disease is too low for practical use [1, 
2]. The same holds true for segmental pulse vol
ume registration (PVR), for quantitative analysis 
of the pulsatility index registered over the common 
femoral artery during Doppler ultrasound, and for 
the determination of the profunda popliteal collat
eral index [2, 7, 8]. 

V. Intraoperative Measnrements 

The effect of a reconstruction at the pelvic level 
may be assessed by certain measuring techniques. 
A rise in the ankle pressure index of more than 
0.1 is a reliable indication that the operative proce
dure is a clinical success. 

Intraoperative improvement of plethysmo
graphic pulse-volume values also signifies a suc
cessful reconstruction [2]. 

Continuous intraoperative temperature meas
urement may also help to decide whether or not 
simultaneous reconstruction of the femoral artery 
is necessary [12]. 

If one reviews the literature, one can find no 
method for predicting how an ischemic limb will 
react to revascularization of the profunda femoris 
artery, especially in stage IV disease. The results 
of preoperative and intraoperative noninvasive 
measurements are significant only if they are inter
preted along with the other criteria mentioned. 

C. Classification of Two-Level 
Obstructions - Defmitions 

The term two-level obstruction should be reserved 
for arterial occlusive diseases leading to occlusion 
of the iliac and femoral arteries or significant sten
oses of both vessels. Usually, the origin of the pro
funda femoris artery, and, rarely, the popliteal ar
tery or lower leg arteries are also affected. Even 
if the latter arteries show arteriosclerotic changes 
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Fig. 17.5.1. Quadruple obstruction with a patent left 
common iliac artery. Preferential correction of the domi
nant right side is necessary (surgical risk is reduced by 
a retroperitoneal approach to the right pelvic area) 

or in some cases are obstructed, the term "two
level occlusion" should still be used to describe 
this situation. One should talk of a three-level oc
clusion only if the lower leg arteries are also revas
cularized, in addition to the pelvic and femoral 
segments. 

Because the popliteal artery forms an anatomic 
unit with the superficial femoral artery, obstructive 
lesions of the iliac artery and superficial femoral 
artery should be termed a two-level occlusion, even 
if the popliteal artery also shows arteriosclerotic 
stenoses or occlusions. 

The classification of two-level occlusions into 
continuous and segmental forms has already been 
discussed on pp. 378 and 433. 

Two-level occlusions are sometimes present on 
both sides. In such a case VOLLMAR speaks of a 
"quadruple obstruction" [13]. 

R.J.A.M. VAN DONGEN 

In such a quadruple obstruction, it is not always 
necessary to treat both sides at the same time. Bi
lateral reconstruction of the pelvic arteries is very 
stressful for the patient. Therefore, both sides 
should be treated separately. This is only possible 
if one of the common iliac arteries is patent and 
wide enough (Fig. 17.5.1). This situation is com
mon. One should not perform a reconstruction of 
both sides, e.g., with a bifurcation prosthesis, but 
should limit the correction to the dominant limb. 
The other limb may be treated at a later date. 

This delayed type of correction has several im
portant advantages. A long, extensive operation 
of a quadruple obstruction, with laparotomy, inci
sions in both inguinal regions, and sometimes sev
eral incisions on both legs, can be avoided. If only 
one side is operated on, the procedure may be 
performed more carefully, making good technical 
and hemodynamic results probable. Furthermore, 
a one sided reconstruction of the pelvic arteries 
can always be carried out by a retroperitoneal ap
proach. 

D. Principles and Special Considerations 
in Two-Level Repair 

In synchronous treatment of combined obstruc
tions of the pelvic and femoral type, many tech
niques and reconstructive methods are applied. 
Only the most important will be presented. 

I. Unilateral Two-Level Repair 

In unilateral combined obstructions the pelvic ar
teries may be treated by thromboendarterectomy 
or ipsilateral and, sometimes, crossover alloplastic 
bypass techniques. The femoropopliteal segment 
is preferably reconstructed with an autogenous 
vein bypass graft. 

1. Thromboendarterectomy of the Pelvic 
Arterial Segment Combined with Vein Bypass 
of the Femoropopliteal Segment 

This method of revascularization of the pelvic and 
femoral arteries uses three different reconstructive 
principles (Fig. 17.S.2a). It is a combination of 
open endarterectomy with patch angioplasty (of 
the common iliac artery), semiclosed endarterec
tomy (of the external iliac artery) and vein bypass 
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graft technique (of the femoropopliteal artery). 
Semiclosed endarterectomy of the external iliac ar
tery does not have a negative effect upon the short
term or even long-term results. The external iliac 
artery is the only artery of the lower extremity 
which is suitable for a semiclosed endarterectomy. 

Technique . Following a pararectal incision down 
to the peritoneum, the distal aorta, the common 
iliac artery, and the proximal segment of the exter
nal iliac artery are exposed retroperitoneally, care 
being taken not to injure the fibers of the abdomi
nal preaortic plexus and the hypogastric plexus. 
For the same reason, the common iliac artery on 
the contralateral side is not dissected free of sur
rounding tissue. The initial portion of the internal 
iliac artery, ifit is still patent, and the open lumbar 
arteries are isolated and prepared for clamping. 
In the inguinal region, dissection of the common 
femoral artery and its bifurcation is done in the 
usual manner. 

An atraumatic clamp is applied at the proper 
site on the aorta, above the origin of the inferior 
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Fig. 17.5.2a-h. Reconstructive procedures following lo
calization of the obstruction. a Proposed solution with 
retroperitoneal Dacron patch, inguinal venous patch, 
and femoropopliteal vein graft. b Incision of the right 
common iliac artery up into the aorta. Blocking catheter 
prevents retrograde blood loss. Following disoblitera
tion, an intimal ring remains on the left side (danger 
of dissection). c Suture of the Dacron patch. d Disobli
teration of the origin of the superficial femoral artery. 
e For disobliteration of the origin of the profunda femo
ris artery, adequate longitudinal incision of the profunda 
femoris artery is necessary. f Closure of the profunda 
arteriotomy with a vein patch. g Preparation of the vein 
graft for the proximal anastomosis. h Anastomosis of 
the vein bypass to the superficial femoral artery. Then, 
suture of the vein patch onto the common femoral artery 
and the vein graft 

mesenteric artery, and, if necessary, the internal 
iliac artery is occluded with a bulldog clamp; then, 
the distal aorta and the proximal common iliac 
artery are opened by a longitudinal arteriotomy 
on their anterolateral sides. An intravascular oc
clusion catheter with two lumina is introduced into 
the common iliac artery of the contralateral side 
and inflated (Fig. 17 .4.2 b). Ifthe patient does not 
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receive systemic anticoagulation, thrombosis due 
to blood stasis within the contralateral iliac artery 
may be prevented with heparinized saline solution 
administered under pressure through the second 
lumen of the catheter, distal to the obstructing 
balloon. A small intraluminal occlusion catheter 
is introduced through the arteriotomy into the in
ferior mesenteric artery. The arteriotomy is then 
extended distally into the wall of the external iliac 
artery over a length of about 2 em. 

The patency of the contralateral common iliac 
artery is checked by inserting a right-angled curved 
clamp through the proximal portion of the arterio
tomy and calibrating the common iliac artery with 
olive-shaped dilators. 

Open disobliteration of the ipsilateral common 
iliac artery is then performed, leaving an intimal 
ring at the orifice of the contralateral iliac artery 
so that no dissection of the intima of the contralat
eral common iliac artery may occur (Fig. 17.5.2b). 

If an occlusion or a stenosis of the internal iliac 
artery is present, an attempt is made to disobliter
ate the vessel using an oval ring stripper. Usually 
such attempts are successful in restoring patency 
to the internal iliac artery. 

The arteriotomy is closed with a synthetic 
patch, starting at the aortic portion of the incision. 
As soon as the patch is sutured halfway onto the 
common iliac artery, both intraluminal occlusion 
catheters are removed. Immediately thereafter, the 
common iliac artery is clamped in its proximal 
portion with a transversely applied atraumatic 
clamp (Fig. 17.5.2c). The aortic clamp is removed, 
restoring blood flow to the contralateral limb. Su
ture of the synthetic patch to the artery is contin
ued to a point just above the origin of the internal 
iliac artery. 

The external iliac artery and common femoral 
artery are then reconstructed. The obstructed su
perficial femoral artery is transected about 2 cm 
distal to the origin of the profunda femoris artery. 
The anterior wall of the superficial femoral artery 
stump is incised longitudinally up to the common 
femoral artery (Fig. 17.5.2d). The distal portion 
of the common femoral artery and the femoral 
stump are then disobliterated, care being taken 
that an intimal ring remains, surrounding the os
tium of the profunda femoris artery. 

The profunda femoris artery should never be 
treated by antegrade dis obliteration. A slight sten
osis at its mouth may be dilated with olive
shaped dilators. If a high-grade stenosis or an oc
clusion of the proximal portion of the profunda 
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artery is present, open endarterectomy of these 
segments should be performed after the vascular 
wall has been incised downward into the un
diseased portion of the profunda femoris artery 
(Fig. 17.5.2e). Following restricted dissection of 
obliterative material the arteriotomy is closed with 
a vein patch ending proximally at the lateral edge 
of the incision of the common femoral artery 
(Fig. 17.5.2f). 

Now the oval ring stripper is used for retro
grade dis obliteration of the proximal half of the 
common femoral artery and the entire length of 
the external iliac artery. Proximally, the intima is 
trimmed flat just below the takeoff of the internal 
iliac artery. 

Then, the suturing of the synthetic patch into 
the arteriotomy of the iliac artery is continued 
downward (Fig. 17.5.2a). The external iliac artery 
is clamped in its proximal portion, but distal to 
the synthetic patch, with a soft bulldog clamp. The 
proximal clamp on the common iliac artery is re
moved, restoring blood flow to the internal iliac 
artery. 

The next step is the reconstruction of the oc
cluded femoropopliteal segment. The great sa
phenous vein, resected at the very beginning of 
the operation, is anastomosed obliquely end-to
side to an intact arterial segment above or below 
the knee joint, distal to the obstructed segment. 
The graft is pulled through a tunnel posterior to 
the sartorius muscle up to the groin incision. 
There, the graft is filled under slight pressure with 
a blood-heparin solution and stretched after ex
tending the leg. 

At the level of the proposed proximal anasto
mosis, half of the vein's circumference is tran
sected. Starting at this transverse incision, a T
shaped 1.5 mm longitudinal incision is made dis
tally (17.5.2g). The comers of artery and vein are 
attached to one another with interrupted sutures. 
Differences in length between the two vessels, the 
femoral artery usually being wider, are compen
sated by a wedge-shaped excision at the edges of 
the arteriotomy. 

Then, because twisting of the proximal portion 
of the vein is impossible, the remaining part of 
the graft may be cut off at the level of the anasto
mosis (Fig. 17.5.2b). 

With the help of the comer sutures the arterio
venous junction is rotated, bringing the posterior 
wall around to the front. This is only possible if 
the distal end of the artery is completely mobilized 
posterior~y. 
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The semicircular anastomosis between the fem
oral artery and the vein graft is completed using 
either a continuous suture or interrupted sutures. 
Then, the anastomosis is brought back into its ini
tial position by rotation. 

The anterior gap of the anastomosis is closed 
with a narrow vein patch constructed from the 
remaining graft material (Fig. 17.5.2a). In the 
meantime, despite anticoagulation therapy, 
thrombi may have formed within the disobliterat
ed external iliac artery. Therefore, the proximal 
artery segment is cleaned with a Fogarty catheter 
shortly before the vein patch is completely sutured 
into the arteriotomy. 

When the patch has been completed, the clamp 
on the proximal external iliac artery is removed, 
and blood flow to the limb is restored. 

This combined method has four important ad
vantages: 

1. Only a strip of synthetic material is needed. 
2. There is no synthetic material in the inguinal 

region. 
3. It is a simple matter to extend the operation 

to restore patency of the internal iliac and pro
funda femoris arteries, thereby effecting a truly 
total correction. 

4. The junction between artery and vein graft is 
arranged in a straight line without turbulence. 
Thus, the hemodynamic conditions of this re
constructive technique are quite favorable. 

2. Reconstruction of the Pelvic Vessels 
with a Synthetic Bypass and the 
Femoropopliteal Segment with a Vein Graft 

The simplest method of treating a two-level ob
struction is by combining an aortofemoral synthet
ic bypass with a femoropopliteal vein bypass. The 
junction between the synthetic prosthesis and the 
vein graft can be constructed in several different 
ways. 

The common femoral artery and the profunda 
femoris artery are sometimes occluded by a throm
bus, which can be easily removed through an arte
riotomy of the common femoral artery. In such 
a case, the distal end of the prosthesis can be anas
tomosed to the upper half of the arteriotomy and 
the proximal end of the vein graft to the lower 
half(Fig. 17.5.3b). Sometimes the end of the pros
thesis can be connected to the entire arteriotomy 
and (b.e vein to the distal portion of the prosthesis 
(Fig. 17.5.3c). 
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However, it is usually necessary to endarterec
tomize the common femoral artery and the proxi
mal portion of the profunda femoris artery. Then, 
it is possible to suture a bevel of the prosthesis 
into the wall of the profunda femoris artery, and 
to anastomose the vein graft to the distal portion 
of the prosthesis (Fig. 17.5.3 d). 

Enlargement of the profunda femoris artery us
ing a distal bevel of the prosthesis is not at all 
reliable. Preferably, the arteriotomy in the profun
da femoris artery should be closed with a vein 
patch. This should continue up to the arteriotomy 
in the common femoral artery. The prosthesis 
should be anastomosed to the common femoral 
artery only (Fig. 17.5.3e). 

To avoid the placement of alloplastic material 
into the inguinal region, the distal end of the pros
thesis may be anastomosed to the distal portion 
of the external iliac artery above the inguinalliga
ment. The arterial segment behind the inguinal 
ligament must then undergo semiclosed endarter
ectomy (Fig. 17.5.3a). 

This method has several important advantages. 
Not only is the risk of infection reduced, but anas
tomotic aneurysms occur less frequently after su
prainguinal anastomosis than after conventional 
anastomosis of the artery in the inguinal region. 

The proximal end-to-end anastomosis of the 
vein bypass graft, as well as the suprainguinal con
nection of the prosthesis, are important improve
ments in the technique of bypass grafting of two
level obstructions and will therefore be discussed 
in detail (Fig. 17.5.3a, f, g, h). 

Technique. Following pararectal incision the infra
renal aorta is exposed extraperitoneally. Patent 
lumbar arteries are prepared for clamping. 

The inguinal incision is extended a few centime
ters further upward than usual. The fascia of the 
external oblique muscle is divided parallel to its 
fibers at the upper margin of the inguinal ligament. 
The ligament is mobilized, encircled with a tape, 
and pulled downward. The internal oblique muscle 
is separated from the inside of the inguinalliga
ment and displaced cranially. The deep circumflex 
iliac vein crossing the anterior wall of the artery 
is transected between two ligatures (Fig. 17.5.3f). 
The tissue in front of the external iliac artery is 
pushed aside with the index finger. After elevating 
the abdominal wall muscles with two Langenbeck 
retractors, the entire length of the external iliac 
artery is exposed (Fig. 17.5.3g). 
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Fig. 17.5.3a-h. Dacron bypass of the pelvic segment in 
a two-level obstruction. a Proposed solution; b separate 
anastomoses in the inguinal region; c integrated anasto
moses in the inguinal region; d integrated anastomoses 
in the inguinal region with patch angioplasty of the pro
funda femoris artery using a distal tongue of the prosthe
sis; e integrated anastomoses in the inguinal region with 
separate profundaplasty; f-h approach to the supra
inguinal bypass anastomosis 
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A suitable aortic segment is clamped at both 
ends, and a longitudinal oval window is excised 
from the aortic wall; then a prosthesis 8 mm in 
diameter is anastomosed obliquely end-to-side to 
the aorta. Following anastomosis, the prosthesis 
is clamped proximally, and the aorta is declamped. 

The next step is reconstruction of the femoro
popliteal segment. The vein bypass graft is con
nected distally to an undiseased segment of the 
popliteal artery lying beyond the obstruction and 
pulled up through the tunnel behind the sartorius 
muscle to the groin incision. 



17.5 Two Level Arterial Obstructions 

In the inguinal region, the femoral artery bifur
cation is prepared as described on p. 438 
(Fig. 17.5.3 g). Through the arteriotomy in the an
terior wall, the common femoral artery, the seg
ment behind the inguinal ligament, and the exter
nal iliac artery are revascularized by upward retro
grade disobliteration using an oval ring stripper. 

During the next step, the external iliac artery 
is incised longitudinally as far as possible from 
the inguinal ligament. The obliquely cut end of 
the prosthesis can then be easily anastomosed to 
this arteriotomy (Fig. 17.5.3 h). 

A semicircular anastomosis is performed be
tween the venous graft and the stump of the femo
ral artery. A venous patch is sutured onto the ante
rior gap of the anastomosis. By removing the 
clamp on the proximal part of the bypass, blood 
flow is restored through the prosthesis and vein 
graft (Fig. 17.5.3h). 

An additional obstruction at the takeoff of the 
profunda femoris artery is treated as described on 
p. 438 (see also Fig. 17.5.2e, f). 

The technique of suprainguinal anastomosis de
scribed here is no more time-consuming or compli
cated than the usual anastomosis between the 
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prosthesis and the common femoral artery. How
ever, the decisive advantage is that no alloplastic 
material is located in the inguinal region. 

A disadvantage of this type of bypass grafting 
is that an obstruction of the internal iliac artery 
cannot be treated. 

3. Reconstruction of the Pelvic Arteries 
Using a Crossover Synthetic Bypass Graft and of 
the Femoropopliteal Segment Using a Vein Graft 

If the general condition of the patient does not 
allow an abdominal operation to be performed 
(nor an extraperitoneal procedure), it is possible 
to use the contralateral iliac artery as a donor for 
perfusion of the endangered limb. There is only 
one precondition: the contralateral iliac artery 
must be perfectly patent. A crossover synthetic by
pass prosthesis between both common femoral ar
teries may be constructed. Better hemodynamic 
conditions are achieved if both anastomoses are 
done at the level of the external iliac arteries, i.e., 
above the inguinal ligament. This has the great 
advantage that alloplastic material is not Im
planted in the inguinal region (Fig. 17.5.4a). 

c 

Fig. 17.5.4a-c. Crossover femorofemoral bypass. a Pro
posed solution; b anastomosis with the donor vessel (left 
side); c anastomosis to the recipient vessel (right side) 
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Technique. A small oblique incision is made above 
the inguinal ligament to expose the distal external 
iliac artery on the contralateral side. Following the 
division of the fascia of the external oblique muscle 
just above the inguinal ligament, the distal external 
iliac artery is reached (see p. 439). 

On the occluded side, the common femoral ar
tery, its bifurcation, and the distal external iliac 
artery are exposed and prepared (see p. 439). 

Reconstruction starts with anastomosis of the 
prosthesis (8 mm diameter, obliquely end-to-side) 
to a clamped segment of the distal external iliac 
artery on the opposite side. This produces a hemo
dynamically favorable flow angle (Fig. 17.5.4b). 
After completion of the anastomosis, the prosthe
sis is clamped near the anastomosis, and the 
clamps on the external iliac artery are removed. 

Using one finger of each hand, a tunnel is 
formed between both distal external iliac arteries, 
either through the subcutaneous tissue above the 
pubic bone in front of the rectus muscles or, pre
ferably, through the prevesicle space. 

On the occluded side, one proceeds in the same 
manner as described on p. 440. Following retro
grade endarterectomy, the prosthesis is pulled 
through the tunnel and then anastomosed end-to~ 
side to the distal external iliac artery. One should 
try to construct a hemodynamically favorable flow 
angle. The femoral artery is then bypassed with 
a vein graft (Fig. 17.5.4c). 

R.J.A.M. VAN DONGEN 

ll. Bilateral Two-Level Repair 

In bilateral combined obstructions of the pelvic 
and femoral arteries (quadruple obstruction), total 
correction of both sides produces considerable sur
gical stress on the patient. Total reconstruction of 
both sides during one operation is only necessary 
if the profunda arteries or their run-offs are insuf
ficient and both limbs are threatened by amputa
tion. If, however, patency of the profunda femoris 
artery is good, the profunda-popliteal collateral 
circulation is well developed, and the preoperative 
and intraoperative measurements indicate that 
sole reconstruction of the pelvic arteries will be 
successful clinically, reconstruction should be lim
ited to bilateral profunda revascularization with 
a bifurcation prosthesis in combination with resec
tional profundaplasty on both sides. 

Technique. The infrarenal aorta is exposed through 
a median laparotomy. The common femoral arter
ies and their bifurcations are prepared on both 

Fig. 17.5.5a-d. Connection of one limb of the aortic 
bifurcation prosthesis. a Anastomosis to the common 
femoral artery with widening of the profunda femoris 
artery (not recommended). b, c Widening of the profun
da femoris artery using a vein patch, anastomosis of 
the Dacron prosthesis to the common femoral artery. 
d Suprainguinal connection of the prosthesis 

c d 
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sides, and dissection of the profunda femoris ar
tery is extended distally until a fully patent seg
ment is exposed. 

First, the aortic portion of the bifurcation pros
thesis is anastomosed end-to-side to the infrarenal 
aorta. Mter clamping the prosthesis near the anas
tomosis, aortic blood flow is restored. Both arms 
of the prosthesis are pulled down retroperitoneally 
to the groin incisions. 

As already mentioned, it is not advisable to an
astomose the prosthetic limb to the common femo
ral artery and to widen the profunda femoris ar
tery with a bevel of the prosthesis as shown in 
Fig. 17.5.5a. There are several alternatives which 
can be considered. 

If an inguinal connection of the prosthesis is 
preferred, anastomosis of the prosthesis to the 
common femoral artery may be performed follow
ing completion of profundaplasty with resection 
of the origin of the superficial artery. The connec
tion with the common femoral artery is best done 
lateral to the patch graft (Fig. 17.5.5c). The pros
thesis may also be connected to the proximal por
tion of the arteriotomy. The vein patch is then 
sutured to the edge of the prosthesis (Fig. 17 .5.5 b). 

If a suprainguinal connection is chosen, anasto
mosis can easily be performed as described on 
p. 439 following completion of profundaplasty 
and retrograde disobliteration of the proximal ves
sel segment (Fig. 17.5.5 d). 

If the femoropopliteal segment must be by
passed with an autogenous vein graft on either 
one or both sides, the proximal anastomosis of 
the graft should be performed at the distal portion 
of the graft if the limbs of the prosthesis are con
nected to the common femoral arteries, as this will 
save time. If suprainguinal connection of both 
arms of the prosthesis is chosen, the vein graft 
is anastomosed end-to-side to the common femo
ral artery. 

In the treatment of patients with multilevel occlu
sions, two points must be considered: 

1. Attempts should be made not only to recon
struct the obstructed arterial segment morphologi
cally, but also to achieve good hemodynamic con
ditions. Furthermore, reconstructive procedures 
which show unsatisfactory results should be 
avoided. For example, if one tries to save operat
ing time by endarterectomizing the femoral artery 
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using the semiclosed method, the results, especially 
the long-term results, will be unsatisfactory. Re
occlusions occur which are usually not operable. 

2. Of course, in the discussion of the correct 
choice of operative procedures in patients with 
multilevel obstructions, no rigid concept can be 
established. Instead, one should carefully consider 
which method of treatment will be best for each 
patient. And in every case, many factors will have 
to be considered before that decision can be made. 
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The profunda femoris artery is one of two terminal 
branches of the common femoral artery, which 
separates into the superficial femoral artery and 
the profunda femoris artery below the inguinallig
ament. This branching site usually lies between 1.5 
and 5 cm below the inguinal ligament. In rare 
cases, it may lie at the level of the inguinal ligament 
or as far as 10 cm distal to the ligament. The pro
funda femoris artery takes off in a dorsolateral 
direction in about 50% of cases and it is located 
strictly dorsal in about 40%. A medial origin of 
the profunda femoris artery is encountered in 10% 
of cases [8, 9]. Duplication of the artery in a medial 
and a lateral course is extremely rare. The profun
da femoris artery and its branches supply the ven
tral region of the hip, the deeper layers of the but
tocks and the thigh (Fig. 17.6.1). The first 
branches of the profunda femoris artery are the 
medial · and lateral circumflex arteries. The origin 
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Fig. 17.6.1. Anatomy of the femoral bifurcation and the 
profunda femoris artery with its branches 

of both arteries from the profunda femoris artery 
in the form of a profunda-circurnflex trunk 
(Fig. 17.6.2a) is seen in about 50%. In this varia
tion, a combined origin of the lateral and medial 
circumflex arteries with subsequent separation 
may occur (Fig. 17.6.2b). In particular, the origin 
of the medial circumflex artery varies considera
bly. In 30-40% it branches off at the common 
femoral artery, usually on its dorsal side 
(Fig. 17.6.2c), and in 2%- 3% it is localized at the 
proximal portion of the superficial femoral artery 
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Fig. 17.6.2. Normal anatomy (a) and variations (b-f) of 
the origins of the medial and lateral circumflex arteries 

(Fig. 17.6.2d) [19]. After it branches off, this tribu
tary runs behind the superficial femoral artery in 
a medial direction, between the adductors. It is 
the main arterial supply of these muscles. It has 
a connection running upward to the obturator ar
tery. 

The lateral circumflex artery branches off at 
the profunda femoris artery in 80%-90% of cases. 
In 5%-15% it originates from the common femo
ral artery (Fig. 17.6.2e) and in 1 %-6% from the 
proximal superficial femoral artery (Fig. 17.6.2f) 
[19]. It runs dorsal to the rectus femoris muscle 
and sartorius muscle toward the lateral side of the 
thigh and soon separates into an ascending, a hori
zontal, and a descending branch. The ascending 
branch supplies the sartorius muscle, the gluteus 
medius muscle, and the tensor fasciae latae muscle. 
The horizontal branch runs to the greater tro
chanter. Both branches have connections with the 
gluteal arteries and the terminal branches of the 
medial circumflex artery. 

The large descending branch is of great impor
tance because it can serve as a collateral to com
pensate for occlusions in the superficial femoral 
artery. It runs beneath the rectus femoris muscle 
downward, supplies the vastus muscles and gives 
off branches to the network of the knee. If the 
lateral circumflex artery arises atypically from the 
common femoral artery or superficial femoral ar
tery, its descending branch cannot act as a collater
al in the event of an obstruction. A common origin 
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of the profunda femoris artery and both circum
flex arteries is extremely rare. 

As it continues distally between the the vastus 
medialis muscle and the adductor muscle group, 
lateral to the superficial femoral artery, the pro
funda femoris artery gives off from 3 to 5 perforat
ing arteries which enter the adductor muscles near 
the linea aspera of the femur. There they give off 
several branches, which supply the flexor group. 
They have connections to one another and have 
additional anastomoses proximally with the glu
teal arteries, the obturator artery, the medial cir
cumflex artery, and, distally, with muscular 
branches of the popliteal artery and recurrent tri
butaries of the lower leg arteries. In this way the 
profunda femoris artery and its branches form a 
vascular bridge, which parallels the superficial 
femoral artery and connects the iliac arteries with 
the popliteal artery and the arteries of the lower 
leg [11,12]. 

The femoral nerve accompanying the common 
femoral artery passes through the lacuna muscu
lorum together with the iliopsoas muscle and, cov
ered by the iliopectineal fascia, lies lateral to the 
artery. Beneath the inguinal ligament, it soon splits 
into its branches, with sensory innervation of the 
skin on the anterior side of the thigh and motor 
fibers to the pectineus, sartorius, and quadriceps 
femoris muscles. Its terminal branch, the saphen
ous nerve, containing only sensory fibers, runs to
gether with the superficial femoral artery down
ward (Fig. 17.6.1) and innervates the skin on the 
tibial side of the lower leg and at the tibial margin 
of the foot. 

B. Hemodynamic Aspects 

Except in its proximal portion, the profunda femo
ris artery usually does not show advanced arterio
sclerosis, even though other arteries in the body 
may be severely diseased. Therefore, it is one of 
the most important collateral vessels in maintain
ing blood flow to the lower leg and foot following 
femoropopliteal occlusions. One exception is dia
betes mellitus of long duration. The collateral cir
culation through the profunda femoris artery has 
three potentially weak points which follow each 
other in series (Fig. 17.6.3). Their hemodynamic 
resistances are added together and therefore deter
mine the compensating capacity of collateral flow 
through this artery. 
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Fig. 17.6.3. Schematic representation of the collateral 
compensation of a femoropopliteal occlusion via the 
profunda femoris artery and the weak points (0 proxi
mal stenosis of the profunda femoris artery; 0 stenoses 
at the entry of dilated profunda collaterals; III occluded 
recipient artery of profunda collaterals) 

The first weak point is the origin and proximal 
portion of the profunda femoris artery. The sharp 
curve formed by the dorsolateral takeoff of the 
profunda femoris artery causes considerable loss 
of kinetic energy and therefore poor hemodynamic 
conditions at the bifurcation. Furthermore, this 
part of the profunda femoris artery, in contrast 
to its other segments, often shows arteriosclerotic 
disease, especially in femoropopliteal obstructions. 
In such cases there is usually a plaque on the poste
rior wall of the common femoral artery which ex
tends into the profunda femoris artery for a short 
distance, causing narrowing of the lumen. For 
many years, operative removal of these localized 
stenotic lesions, usually by endarterectomy over 
a short distance with dilatation of the orifice, was 
thought to be sufficient for restoration of impaired 
flow through the profunda femoris artery. How
ever, investigations and geometric analyses by 
BERGOER [1] found additional new hemodynamic 
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aspects which must be taken into account in revas
cularization of the profunda femoris artery 
(Fig. 17.6.4). 

In the area of any great vascular bifurcation, 
including the femoral bifurcation, the total diame
ter of the branches is usually greater than that 
of the arterial trunk (Fig. 17.6.4a). In an occlusion 
of the superficial femoral artery, the flow tract 
undergoes an abrupt reduction in caliber at the 
origin of the profunda femoris artery. Thus, inde
pendently of existing wall lesions within the pro
funda femoris artery, the origin of the vessel itself 
represents an anatomic stenosis which is relieved 
at the next later branch in accordance with the 
same geometric principle (Fig. 17 .6.4 b). Arterio
sclerotic plaque in the profunda femoris artery fur
ther increases the degree of stenosis, and of course 
this in turn has a significant negative influence 
on hemodynamic conditions (Fig. 17.6.4c). Conse
quently, surgical enlargement of the profunda fe
moris artery will not bring about hemodynamic 
improvement merely by removal of the arterio
sclerotic material; the anatomic stenosis resulting 
from the obstruction of the superficial femoral ar-

a 
~~----. 

b 
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Fig. 17.6.4. Schematic representation of vascular geome
try at the femoral bifurcation under normal conditions 
(a) and in the case of femoropopliteal occlusion with 
an intact proximal profunda femoris artery (b), with a 
pathologically altered profunda segment (c), following 
profundaplasty (d), and following widening of the orifice 
of the profunda femoris artery over a short distance 
(e) (modified according to BERGUER et al. [1]) 
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tery must also be relieved, i.e., the enlargement 
procedure must include branching of the profunda 
femoris artery that is extensive enough to meet 
the geometric requirements (Fig. 17.6.4d). De
pending on vascular anatomy and morphology, 
this enhancement of total arterial diameter can be 
effected at the proximal branches, the origins of 
the perforating arteries, or even at the most distal 
branch [4, 7,17]. Limiting the enlargement proce
dure to the orifice of the profunda femoris artery 
or to the diseased region alone, without inclusion 
of the geometrically most significant branch, is in
adequate from the point of view of hemodynam
ics; it merely lessens, but does not relieve, the pre
existing anatomic stenosis (Fig. 17.6.4e). 

The second limiting factor in adequate collater
al circulation through the profunda femoris system 
is stenoses at the entry of dilated profunda 
branches into the collateral recipient segment of 
the popliteal artery [20]. The cause is not only 
arteriosclerotic lesions but also the inability of the 
terminal portions of these to dilate properly owing 
to their peculiar intraluminal mural structure. 

The third, and commonly decisive, morphologi
cal factor influencing the efficiency of collateral 
circulation through the profunda femoris system 
is the existence or nonexistence of patent recipient 
segments along the course of the popliteal artery 
and lower leg arteries, to which the collaterals may 
conduct blood. 

C. Defmition 

The only portion of the collateral circulation 
which is accessible to surgical treatment is the pro
funda femoris artery itself. The other two factors 
which might limit the efficiency of this collateral 
system, stenoses at the entries of the dilated pro
funda collaterals and a poor run-off, cannot be 
corrected. Operative procedures performed on the 
profunda femoris artery are called "profundaplas
ties", "profunda reconstructions", and "profun
da revascularizations". The confusing terminology 
in this field makes necessary a clear definition of 
the different operative procedures. 

The term "profundaplasty" should be reserved 
for those procedures which relieve the anatomic 
stenosis at the mouth of the profunda femoris ar
tery by enlarging the caliber of the orifice and also 
of the main trunk over the hemodynamically nec
essary distance (see Sect. B). In addition, a local-
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ized organic stenosis due to atheromatous plaques 
is treated by open endarterectomy. 

"Profunda reconstructions" should be defined 
as procedures by which a diseased profunda fe
moris artery is replaced with an interposition graft 
or bridged with a bypass graft. 

"Profunda revascularizations" are procedures 
which improve or normalize a reduced or absent 
blood flow to the profunda femoris artery and 
therefore do not involve reconstruction of the pro
funda femoris artery itself but rather the proximal 
inflow tract, consisting of the iliac arteries. A pro
funda revascularization is especially considered in 
two-level arterial obstructions of the aortoiliac and 
femoropopliteal segments and aims at improving 
circulation through the profunda femoris artery 
by reconstruction of the proximal aortoiliac seg
ment, thus attempting to compensate a femoro
popliteal occlusion by increasing flow through the 
collateral system of this artery. In such cases, the 
profunda femoris artery functions as the sole out
flow tract of the iliac artery reconstruction. To 
maximize run-off conditions, a profunda revascu
larization should always be combined with a pro
fundaplasty. 

D. Indications 

Surgical procedures on the profunda femoris ar
tery in the form of profundaplasty or a profunda 
reconstruction aim at compensating the occluded 
femoropopliteal artery via the collateral system of 
the thigh. The effectiveness of these operations is 
dependent not only on the technical and hemody
namic perfection of the procedure, but also to a 
great extent on the caliber and number of preexist
ing distal collateral vessels and their entry sites. 
Finally, the quality of the distal collateral recipient 
segments of the popliteal artery and lower leg ar
teries is also very important [3, 16]. Alternative 
methods are a femoropopliteal or femorocrural 
bypass. 

If the conditions for profundaplasty are ideal 
- absence of gangrenous lesions, preexistent wide 
and numerous profunda collaterals, an undiseased 
or only slightly arteriosclerotic recipient segment 
of the distal femoropopliteal artery - a significant 
improvement in ischemic symptoms can be ex
pected [15]. Because of the relatively short operat
ing time required, the technical simplicity of the 
procedure, and the favorable long-term prognosis, 
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Table 17.6.1. Criteria for choosing between profunda
plasty and femoropopliteal or femorocrural bypass 

1. General risk factors 
2. Available reconstructive material 
3. Access to the operating area (repeat operation) 
4. Severity of ischemia in the limb 
5. Quality of the profunda collaterals and their entry 

segments 
6. Quality of run-off 

profundaplasty should be preferred to femoropop
liteal bypass under these conditions. Only the so
cial consideration of unrestricted walking capabili
ty favors a distal bypass graft. In cases of insuffi
cient collateral circulation of the profunda femoris 
artery caused by entry stenoses of the collateral 
vessels and significantly diseased collateral recipi
ent arteries, profundaplasty or reconstruction 
must be expected to be less effective, and the cure 
of preexistent gangrenous lesions must be ques
tionable [18] . This unfavorable constellation is 
found especially in occlusions of the distal popli
teal artery and its trifurcation. In these cases com
pensation of femoropopliteal occlusion via the col
lateral system of the profunda femoris artery is 
unlikely because of missing recipient segments for 
these collaterals. If under these circumstances an
giography indicates that a femoropopliteal bypass 
is also possible, the decision as to which recon
struction procedure is preferable should depend 
on the factors listed in Table 17.6.1. If the general 
surgical risk is acceptable, if proper venous recon
structive material is available, and if the peripheral 
run-off is of adequate quality for distal bypass 
anastomosis, a femoropopliteal or femorocrural 
bypass graft is the procedure of choice. An ideal 
solution is the simultaneous combination with pro
fundaplasty (see p. 456). If there exist any serious 
general risk factors, if there is a lack of venous 
reconstructive material, and if conditions for a dis
tal bypass anastomosis are poor owing to impaired 
run-off or to technical difficulties in repeat sur
gery, a profundaplasty is preferable. In such cases, 
however, this should be extended as far as possible 
to the most distal branches of the profunda femor
is artery. If the goal of curing gangrene is not 
reached, it is still possible, even under very unfa
vorable conditions, to shift the border of amputa
tion from the thigh region to an area below the 
knee. Profunda reconstructions must be consid
ered if arteriosclerotic lesions extend all the way 
into the peripheral parts of the profunda femoris 
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artery and the risk of a very time-consuming pro
fundaplasty extending into the most distal 
branches is not acceptable. They are also indicated 
where it is feared that endarterectomy would in
volve local technical difficulties owing to extreme 
calcification or transition problems at the distal 
end of the segment to be endarterectomized. If 
repeat surgery is performed on the profunda fe
moris artery and dissection of the artery is diffi
cult, profunda reconstruction should be attempted 
by exposing the artery through two separate inci
sions over the still patent proximal and distal arte
rial segments to which bypass grafts can be con
nected. However, a preliminary condition for such 
procedures is that the morphological state of the 
profunda femoris collateral system will guarantee 
patency of the bypass after implantation. 

E. Positioning 

Operations on the profunda femoris artery are 
done in a supine position. Abduction and external 
rotation of the thigh exposes the groin region and 
allows for better access. This effect is reinforced 
by placing a soft pillow under the hip of the other 
side and flexing the knee (Fig. 17.6.5). To prevent 
ischemic decubital necroses during the operation, 
the foot should be wrapped in cotton dressing, 
or the heel raised on a pad. A means for protecting 
the very sensitive inguinal region from infection 
is to cover the penis and scrotum with gauze pads 
and fix them to the opposite thigh with an adhesive 
bandage. Following this the anal and genital re-

Fig. 17.6.5. Position of the patient and draping of the 
scrotum and genital region prior to reconstructive proce
dures on the profunda femoris artery 
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gion is draped with a large abdominal towel. Only 
after these preliminary precautions may the oper
ating area be draped as usual from the lower abdo
men to the knee or, if additional proximal or distal 
reconstructions are planned, over a large area. 

When draping the area, one must always con
sider the possibility that a vein graft may have 
to be resected. Venous material for patch grafts 
should under no circumstances be taken from the 
great saphenous vein of the inguinal region. If 
blood circulation in the contralateral leg is intact, 
the necessary venous segment should be resected 
from the great saphenous vein at the medial mal
leolus. Resection in the ipsilateral leg may lead 
to impaired wound healing at the donor site if 
ischemia is severe. In reconstructions with bypass 
grafts or venous interpositions, resections of the 
usually great saphenous vein are performed in the 
thigh area through an inguinal incision and, if nec
essary, a second short distal incision. If its caliber 
is large enough, a lower leg saphenous segment 
may also be used for reconstruction. This can pre
serve the proximal great saphenous vein. 

F. Incisions 

An oblique inguinal incision in the groin or a lon
gitudinal incision midway between the anterior 
iliac spine and the pubis, with a slightly curved 
course, exposes the femoral bifurcation and the 
proximal portion of the profunda femoris artery 
(Fig. 17.6.6). The advantage of the oblique inci
sion is the much lower rate of wound healing im
pairment, particularly necrosis of the wound mar
gin. A disadvantage is the limited exposure and 
the difficulty of extending the incision distally or 
proximally, if this is necessary. It usually suffices 
if the patients are not too obese and profunda
plasty is not too extensive. On the other hand, 
a longitudinal incision across the groin may be 
extended without difficulty. It exposes the whole 
course of the profunda femoris artery down to 
its most distal branches. It should be employed 
if there is still uncertainty about which type of 
reconstructive procedure to perform and how ex
tensive it may be. 

A longitudinal incision over the medial third 
of the thigh, across the sartorius muscle, exposes 
the distal portion of the profunda femoris artery 
(Fig. 17.6.6). Such an additional exposure of the 
profunda femoris artery is advisable for distal an-
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Fig. 17.6.6. Skin incisions to expose the proximal and 
distal portions of the profunda femoris artery 

astomoses in profunda reconstructions (distal con
nection of a bypass graft or venous interposition) 
and necessary in profunda revascularizations in 
which the groin must be bypassed for special rea
sons, such as infections, previous operations in this 
area, or radiation therapy. 

G. Method of Exposure 

Following division of the skin and subcutaneous 
tissue the medial margin of the sartorius muscle 
is located, and, starting from there, all fat tissue, 
together with the entrapped lymph nodes, is dis
sected and retracted medially (Fig. 17.6.7 a). This 
maneuver avoids dividing the lymphatic vessels 
coming from the medial side of the leg. Opened 
lymphatic vessels are carefully ligated or sutured 
with ultrafine material. These precautions help 
prevent a highly intractable postoperative lym
phatic fistula, which may lead to secondary infec
tion in some cases. The next step is the exposure 
of the femoral bifurcation. The perivascular sheath 
over the palpable common femoral artery is in-
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cised longitudinally, and the anterior surface of 
the common femoral artery is dissected free. This 
preparation is usually performed up to the level 
of the inguinal ligament. If a more proximal expo
sure above the inguinal ligament is desired, blunt 
retractors may be placed beneath the inguinalliga
ment and the tissue retracted upward, allowing 
visualization of 2-3 cm of the artery. The distal 
portion of the external iliac artery can be exposed 
more simply by dissecting the inguinal ligament 
free of muscular tissue, separating it from the in
guinal canal, and retracting it distally. 

Following the division of the circumflex iliac 
veins that cross the distal portion of the external 
iliac artery, the abdominal muscles can easily be 
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Fig. 17.6.7 a-e. Method of exposure of the femoral bifur
cation and profunda femoris artery 

pulled upward with a long Langenbeck retractor, 
exposing the external iliac artery almost up to the 
origin of the internal iliac artery (Fig. 17.6.7b). 
In lateral dissection of the common femoral artery, 
care must be taken not to overlook possible vari
ant arterial side branches ; these must be preserved 
at all costs because of their collateral function (see 
p. 445). Unintentional severing of these vessels, 
especially of the back wall of the common femoral 
artery, may lead to awkward hemorrhage. The lo
calization of the origin of the profunda femoris 
artery and the preparation of its proximal segment 
is easier if a tape is passed around the proximal 
portion of the superficial femoral artery, which 
is identified by an absent pulse or an abrupt 
change in caliber. With slight tension on the tapes 
holding the common and the superficial femoral 
artery, the profunda femoris artery is identified, 
and the tissue covering it is dissected. First, one 
or two thin venae comitantes are encountered, 
running in front of the profunda femoris artery. 
Then, somewhat deeper, the lateral circumflex vein 
can be visualized (Fig. 17.6.7c). These veins are 
divided and a stitch is placed through each stump 
for secure ligation. In about 3% of cases, they 
lie behind the profunda femoris artery and can 
be injured unintentionally during dissection on the 
lateral side of the artery. Next, the first branches 
of the profunda femoris artery, the lateral and me-
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dial circumflex arteries are exposed; these are im
portant for collateral circulation. The space be
tween the femoral vessels on the medial side and 
the sartorius muscle on the lateral side is spread 
apart, and the profunda femoris artery is dissected 
further distally in the deeper layers. At this point, 
the very large profunda femoris vein crosses over 
the artery to the femoral vein. It can be retracted 
downward with a small vein retractor exposing 
the profunda femoris artery more distally 
(Fig. 17.6.7 d). During the downward dissection of 
the profunda femoris artery, the profunda femoris 
vein can be ligated and divided if venous run-off 
is normal. The stumps are oversewn atraumati
cally. The perforating arteries branching off along 
the downward course of the profunda femoris ar
tery are carefully identified and preserved. Finally, 
the profunda femoris artery disappears behind the 
adductor longus muscle, which must be partially 
divided (Fig. 17.6. 7 e). During dissection of the 
profunda femoris artery, the femoral nerve with 
its branches should be preserved. 

The isolated distal exposure of the profunda 
femoris artery through a separate incision corres
ponds with the last step of the preparation de
scribed above. Following division of the subcutis, 
dissection is continued between the sartorius mus
cle and the superficial femoral vessels. The profun
da femoris artery is identified embedded in fat tis
sue in the deeper layers. The upper margin of the 
tendinous sheath of the adductor longus muscle 
may serve as a marker during this maneuver. 

H. Operative Procedures 

I. Profundaplasties 

This procedure is defined as the surgical correction 
of an anatomic stenosis developing as a conse
quence of a superficial femoral artery occlusion 
and also as the correction of an organic stenosis 
of the profunda femoris artery due to atheroma
tous lesions. Its purpose is to improve the collater
al compensation of a femoropopliteal occlusion. 
Under these circumstances, manipulations at the 
orifice of the profunda femoris artery, e.g., antero
grade disobliteration of a sclerotic plaque extend
ing into the initial segment of the artery through 
an arteriotomy in the common femoral artery 
(Fig. 17.6.8a), are inadequate for successful pro
fundaplasty. Furthermore, the closure of the arte-
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Fig. 17.6.8. Method of anterograde disobliteration of the 
ostium of the profunda femoris artery (a) and closure 
of the arteriotomy with a venous patch (b) or an endar
terectomized superficial femoral artery flap (c) 
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Fig. 17.6.9. Technique of autogenous superficial femoral 
artery bypass with semiclosed endarterectomy of the 
proximal superficial femoral artery (a) and end-to-side 
(b) or end-to-end anastomosis (c) to the poststenotic or 
postocclusive portion of the profunda femoris artery 

riotomy in the common femoral artery with a vein 
patch (Fig. 17 .6.8 b) or a pedicled endarterecto
mized superficial femoral artery flap reflected up
ward (Fig. 17.6.8c) increases the degree of the ana
tomic profunda stenosis by local enlargement of 
the artery in the region of the patch graft, thereby 
creating an even poorer hemodynamic situation 
at the arterial junction. A short extension of the 
common femoral arteriotomy into the orifice of 
the profunda femoris artery, with local endarterec
tomy and patch enlargement, must also be rejected 
because by this procedure only the organic stenosis 
is eliminated; the anatomic stenosis is merely re
duced (see p.446). Autogenous bypass construc
tions with an endarterectomized proximal superfi
cial femoral artery (Fig. 17.6.9a--<:) are also unac-



452 

ceptable for hemodynamic reasons and have there
fore become obsolete [2, 4, 21]. The only recon
structions that meet the hemodynamic require
ments of profundaplasty are those patch graft en
largements which include the entire anatomic sten
osis of the profunda femoris artery. These may 
be combined with open endarterectomy, depend
ing on the condition of the vascular wall. 

1. Isolated Profundaplasties 

a) Patch Graft Angioplasty. Following preparation 
of the femoral bifurcation and adequate exposure 
of the profunda femoris artery in a distal direction, 
the segment to be reconstructed is clamped on 
both sides. Because every side branch is of great 
importance for collateral perfusion, it should not 
be injured. For this purpose, extremely soft bull
dog clamps that exert very gentle pressure on the 
vascular wall are preferable to so-called tourni
quets, which do not offer the possibility of dosed 
pressure control. The profunda femoris artery is 
then opened by a stab incision of the anterior wall, 
and the arteriotomy is extended proximally up into 
the common femoral artery, using Potts scissors, 

E.-D. SCHWILDEN and R.J.A.M. VAN DONGEN 

Fig. 17.6.10a-e. Technique of patch graft profunda
plasty 

until the proximal clamp just beneath the inguinal 
ligament is reached. The profunda femoris artery 
is opened distally in the same manner 
(Fig. 17.6.10a1). This incision should not be made 
too near the branches or the origin of the superfi
cial femoral artery. To prevent clot formation due 
to blood stasis, the profunda femoris artery is con
tinuously perfused with heparinized saline solution 
through an inserted thin catheter. 

Starting distally, the atheromatous plug is loos
ened in the cleavage plain by means of a sharp 
spoon or dissector and removed at the proximal 
end of the arteriotomy. If the orifices of the tribu
taries are also narrowed by arteriosclerotic debris, 
everything should be done to normalize blood flow 
through these openings. Normally, anterograde re
moval of the sclerotic lesion, which usually extends 
only a few millimeters into the branches, is facili
tated by careful eversion of the side branch into 
the lumen of the profunda femoris artery 

1 In order to simplify presentation of the different proce
dures, the origin of the first perforating artery is assumed 
to be the geometrically relevant bifurcation in profun
daplasty. 
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Fig. 17.6.11 a, b. Construction of a "beak patch" 

(Fig. 17.6.10b). If these anterograde disoblitera
tions fail or if the plug tears within the branch, 
leaving an intimal flap or ledge behind, a Y -shaped 
arteriotomy at the mouth of the tributary should 
be performed (particularly if it is a branch of large 
caliber) and an open endarterectomy done under 
direct vision. 

When an artery shows sclerotic lesions through
out its entire course, so that proper dissection 
through the arteriotomy is impossible, it is best, 
if the intima is relatively smooth, to avoid endar
terectomy completely. An alternative is to cut the 
lesion obliquely in a distal direction with a scalpel 
at the most suitable point. The remaining distal 
intimal protrusion is fixed to the wall with tack
down stitches. The subsequent patch graft should 
overlap this site distally by about 0.5-1 cm 
(Fig. 17.6.10c). The closure of the arteriotomy is 
done with a vein patch (Fig. 17.6.10d); where side
branch arteriotomies are required, the patch must 
be appropriately tailored to cover those arterioto
mies as well (Fig. 17.6.10e). The venous material 
is taken from a segment of the great saphenous 
vein in the region of the ankle joint. If venous 
material is lacking, an arterial patch may be taken 
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Fig. 17.6.12. Method of close division of the superficial 
femoral artery at the femoral bifurcation 

from a resected and endarterectomized segment 
of the obstructed proximal superficial femoral ar
tery. Patch angioplasty with a pedicled endarterec
tomized, proximal superficial femoral artery flap 
is called a "beak patch" (Fig. 17.6.11a, b). It is 
technically much more difficult and usually offers 
no advantage. It may be considered in infections 
in order to avoid using foreign materials. Synthetic 
patches should not be used because of the small 
caliber and the wall structure of the profunda fe
moris artery (particularly after endarterectomy) 
and also because of the high susceptibility of the 
groin to infection. 

A hemodynamic weak point of patch graft an
gioplasties performed on the profunda femoris ar
tery is the origin of the superficial femoral artery. 
It sustains the hemodynamically unfavorable, 
sharply bending dorsolateral takeoff of the pro
funda femoris artery and often complicates open 
endarterectomy, which is normally very simple. If 
an arteriosclerotic intimal lesion continuing into 
the superficial femoral artery is divided directly 
at tl}e origin of this artery, the remaining end of 
the intima may dissect and lead to local thrombo
sis. If the lesion is endarterectomized into the ori-
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gin, the result is either dead space, which causes 
turbulence in the blood stream, or a thrombus with 
possible extension into the lumen of the common 
femoral artery. Attempts have been made to pre
vent this hemodynamic complication by proximal 
division of the superficial femoral artery at the 
bifurcation and suture of the remaining stump 
(Fig. 17.6.12). Today, this technique is obsolete. 
Because of its sometimes poor hemodynamic re
sults, vein patch angioplasty of the profunda fe
moris artery is indicated only if the superficial fem
oral artery is still patent in its proxi~al portion 
and the preservation of potential collaterals 
branching off along the artery seems necessary for 
the compensation of a distal femoropopliteal oc
clusion. 

b) Resectional Profundaplasties. These procedures 
differ from the usual vein patch graft in that local 
problems originating at the femoral bifurcation, 
e.g., dorsolateral kinking, intimal dissection, or lo
cal thrombosis, are eliminated by excising the su
perficial femoral artery or profunda femoris ar
tery. This additional maneuver creates superior 
hemodynamic conditions [5]. 

c) Profundaplasty with Resection of the Origin of 
the Superficial Femoral Artery (Fig. 17.6.13). Dis
section and clamping of the arterial segment to 
be reconstructed are the same as in vein patch 
profundaplasty. First, the superficial femoral ar
tery is transected about 1 cm distal to the femoral 
bifurcation (Fig. 17.6.13a). In the event of back
bleeding, the distal stump is sutured atraumati
cally. The completely mobilized proximal stump 
of the superficial femoral artery, branching off in 
a ventromedial direction, is rotated anteriorly with 
a clamp or forceps and then the profunda femoris 
artery is opened by a stab incision about 1-1.5 cm 
distal to the bifurcation. The entire stump of the 
superficial femoral artery is ovally excised and the 
incision extended into the common femoral artery. 
During the excision the incision line must not be 
extended too far laterally on either side. Otherwise, 
the back wall of the common femoral artery will 
be narrowed too much. The arteriotomy is ex
tended distally beyond the geometrically relevant 
tributary of the profunda femoris artery 
(Fig. 17.6.13 b). As in the vein patch technique, 
this is followed by an open endarterectomy. A vein 
patch is used for closure of the anterior wall defect 
(Fig. 17.6.13c). It must be appropriately tailored, 
narrowing distally. This creates a conical transi-
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Fig. 17.6.13a-c. Profundaplasty with resection of the 
origin of the superficial femoral artery 

tion from the common femoral artery to the distal 
profunda femoris artery, thus adapting the calibers 
of the vessels to one another. The longer the vein 
patch, the smoother is the adjustment between the 
lumina. 

d) Profundaplasty with Resection of the Origin of 
the Profunda Femoris Artery (Fig. 17.6.14). This 
technically rather extensive procedure is rarely in
dicated, and that is when, during dissection of the 
femoral bifurcation, the origin of the profunda fe
moris artery is injured at its back wall, leading 
to technical difficulties in accurate repair. Follow
ing dissection and clamping, the profunda femoris 
artery is transversely divided below the bifurca
tion. The level of division depends on the exact 
location of the lesion, the branches which must 
be preserved, and the distal spread of the athero
matous debris. Then the superficial femoral artery 
is transected somewhat distal to the profunda fe
moris artery in order to allow subsequent adapta
tion of the corresponding stumps without tension 
(Fig. 17.6.14a). Starting at the distal end of the 
obliterated stump of the superficial femoral artery, 
a portion of the ventrolateral wall of this artery 
and the entire stump of the profunda femoris ar
tery are removed by a lengthened oval excision, 
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Fig. 17.6.14a-d. Profundaplasty with resection of the 
origin of the profunda femoris artery 

Fig. 17.6.15a, b. Open endarterectomy of the femoral [> 

bifurcation and its proximal branches with a Y-shaped 
vein patch graft 
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and the common femoral artery is opened proxi
mally, ending just below the inguinal ligament. 
Correspondingly, the profunda femoris artery is 
also incised distally as far as necessary to achieve 
a geometrically and anatomically correct recon
struction (Fig. 17.6.14b). Then, the superficial 
femoral stump, the common femoral artery, and 
if necessary the opened portion of the profunda 
femoris artery are endarterectomized. The stump 
of the profunda femoris artery and the completely 
mobilized superficial femoral stump are approxi
mated and sutured at the back wall with inter
rupted sutures (Fig. 17.6.14c). Different-sized lu
mina are tailored to fit one another by cutting 
small tissue wedges out of the proximal edge of 
the larger artery. The remaining defect in the ante
rior wall across the anastomosis is then closed with 
a vein patch graft. Narrowing of the patch creates 
a smooth conical transition from the common fem
oral artery to the distal profunda femoris artery 
(Fig. 17.6.14d). 

2. Combined Profundaplasties 

a) Profundaplasty and Proximal Superficial Femo
ral Artery Reconstruction. Combining profunda
plasty with reconstruction of a proximal superfi
cial femoral artery stenosis is usually done by first 
performing an open endarterectomy with subse
quent vein patch angioplasty. Following exposure 
of the femoral bifurcation and adequate distal dis
section around the branches to be reconstructed, 
a Y-shaped incision is made at the femoral bifurca
tion (Fig. 17.6J5a). The subsequent open endar
terectomy of the profunda femoris artery is usually 
not difficult. However, at the distal edge of the 
arteriotomy in the superficial femoral artery, it is 
necessary to cut the arteriosclerotic plug which ex-
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Fig. 17.6.16a, b. Endarterectomy of the femoral bifurca
tion and its proximal tributaries with distal displacement 
of the bifurcation by a back-wall suture and vein patch 
graft 

tends further distally, and to fix it to the vascular 
wall by tack-down stitches. The arteriotomy is 
closed with a Y-shaped vein patch, overlapping 
the site of intimal fixation distally by about 0.5-
1 em (Fig. 17.6.15b). 

An alternative method to the Y -shaped vein 
patch graft is distal transposition of the femoral 
bifurcation [13]. Following a Y-shaped arterio
tomy and subsequent endarterectomy, the medial 
walls of the profunda femoris artery and superfi
cial femoral artery are joined, and the existing an
terior wall defect is closed with a long oval vein 
patch (Fig. 17.6.16a, b). 

b) ProJundaplasty and Femoropopliteal Bypass. 
The first variation, combining a femoropopliteal 
or femorocrural bypass with profundaplasty, is a 
proximal end-to-end anastomosis between bypass 
and proximal superficial femoral stump, with Y
shaped patch angioplasty of the anterior wall of 
the anastomosis and of the profunda femoris ar
tery. After distal connection of the graft and good 
exposure of the femoral bifurcation, the superficial 
femoral artery is transected 1 em below the bifur
cation. If back-bleeding occurs, the distal stump 
is sutured. Starting at the open end of the superfi
cial femoral artery, the common femoral artery 
and profunda femoris artery are incised in a Y
shaped fashion and then, if necessary, endarterec
tomized. The bypass graft which is pulled upward 
to the groin is shortened to the level of the proxi
mal superficial femoral stump, and its anterior 
wall is incised longitudinally, the incision running 
downward for a distance of 1.5-2 em 
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Fig. 17.6.17a, b. Profundaplasty with femoropopliteal 
graft anastomosis to the proximal superficial femoral 
artery 

b 

Fig. 17.6.18a, b. Profundaplasty with excision of the ori
gin of the superficial femoral artery and enlargement 
of the proximal segment of the profunda femoris artery 
by a long end-to-side anastomosis to the femoropopliteal 
bypass graft 



17.6 Surgery of the Profunda Femoris Artery 

(Fig. 17.6.17a). The graft is then anastomosed 
semicircularly to the superficial femoral stump 
with interrupted sutures. The rotation method (see 
p. 61.) may be employed during anastomosis. Dif
ferent-sized lumina are adapted by a wedge-shaped 
excision at the margin of the arteriotomy. The re
maining defect in the anterior wall of the bifurca
tion is finally closed with a Y -shaped vein patch 
graft (Fig. 17 .6.17 b). If the available venous mate
rial does not allow Y -shaped tailoring, two sepa
rate patches may be used instead to close the arte
riotomy. 

The second method of reconstruction is to com
bine profundaplasty with excision of the superfi
cial femoral stump and subsequent enlargement 
of the proximal segment of the profunda femoris 
artery by means of an end-to-side anastomosis of 
the bypass. Apart from the incorporation of the 
vein patch graft, the surgical procedure in the 
groin is identical to profundaplasty with resection 
of the superficial femoral artery (see p. 454). The 
remaining anterior wall defect (Fig. 17.6.18a) is 
closed by end-to-side anastomosis of the graft to 
the edges of the arteriotomy. After distal anasto
mosis of the bypass, it is pulled up to the groin 
and tailored to fit the distal end of the profunda 
arteriotomy; the result is a long end-to-side anas
tomosis (Fig. 17 .6.18 b). A small venous tributary 
may be used to complete the anastomosis at the 
uppermost corner, forming a "boot-shaped" end
to-side anastomosis (see p. 66). This improves the 
hemodynamics in this area of the distally trans
posed bifurcation. 

c) Profundaplasty and Aortoiliac Reconstruction 
(" Profunda Revascularization"). The particular 
techniques of profundaplasty used during profun
da revascularization depend largely on the meth
ods of iliac artery reconstruction being employed. 
In endarterectomy of the iliac arteries that includes 
portions of the common femoral arteries, prof un
daplasty with resection of the superficial femoral 
stump is preferred as being technically the simplest 
and hemodynamically the most favorable method 
(see p. 454). If the iliac arteries are bridged with 
a bypass graft (anatomically or extra-anatomi
cally), the extension of the common femoral artery 
incision into the profunda femoris artery and its 
closure with a short tongue of the prosthesis 
(Fig. 17.6.19 a) are often not adequate to meet the 
hemodynamic requirements of profundaplasty. 

Extension of the profunda arteriotomy beyond 
the geometrically relevant branch bifurcation and 
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Fig. 17.6.19. Hemodynamically inadequate enlargement 
of the orifice by extending the distal connection of the 
prosthesis only into the origin of the profunda femoris 
artery (a) and enlargement of the profunda femoris ar
tery with a long tongue-shaped prosthetic flap (b) 

use of a prosthetic patch graft with a long tongue
shaped flap (Fig. 17 .6.19 b) relieves the anatomic 
stenosis of the profunda femoris artery, as in clas
sical profundaplasty, but has the disadvantage that 
a long patch of synthetic material must be sutured 
to an artery whose wall structure is more compati
ble with venous reconstructive material. Figure 
17.6.20a shows one way of solving this problem 
by connecting the prosthesis to the proximal femo
ral artery and closing the profunda arteriotomy 
with a vein patch graft extending upward to join 
the distal end of the prosthesis. Simultaneous re
section of the superficial femoral artery at the bi
furcation helps to improve run-off conditions in 
this type of reconstruction. If no synthetic material 
is wanted in the groin, the synthetic prosthesis is 
anastomosed to the distal external iliac artery after 
mobilization of the inguinal ligament and retrac
tion of the abdominal wall muscles cranially (see 
p. 450). The vein patch graft is extended proximal
ly to reach the end of the prosthesis 
(Fig. 17.6.20b). If the common femoral artery 
shows only slight arteriosclerotic changes, vein 
patch graft angioplasty and distal anastomosis of 
the prosthesis may be performed in a discontin-
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Fig. 17.6.20. Profunda revascularization involving pro
fundaplasty (vein patch) with transection and ligation 
of the superficial femoral artery and continuous inguinal 
(a), suprainguinal (b) and discontinuous suprainguinal 
(c) connection of the prosthesis 

uous manner (Fig. 17.6.20c). The same recon
structive alternative exists after semiclosed endar
terectomy of the common femoral artery segment 
between the vein patch graft and distal anastomo
sis of the prosthesis. 

E.-D. SCHWILDEN and R.J.A.M. VAN DONGEN 

II. Profunda Reconstructions 

Reconstructions of the profunda femoris artery ei
ther bridge or replace diseased profunda segments. 

1. Femoroprofundal Bypass 

The simplest method, technically speaking, is a fe
moroprofundal bypass with proximal and distal 
end-to-side anastomosis (Fig. 17.6.21). Both con
nection sites are exposed either by an extensive 
longitudinal incision or by two separate incisions, 
one obliquely in the groin and the other a smaller, 
longitudinal one in the middle of the thigh (see 
p. 449). Only venous material should be used for 
grafting. In a relatively short bypass graft, the 
valves should be resected with the vein turned in
side out, because then the proximal and distal ends 
of the vein segment correspond much better in size 
with the host artery, and this is hemodynamically 
more favorable than reversing the graft end-for
end before connecting it. First, the distal end-to
side anastomosis is performed. If the distal con
necting segment of the graft is thin, with spastic 
constrictions, it is carefully distended with hepar
inized saline solution between two bulldog clamps 
before opening it. The anastomosis itself should 
be stretched in order to achieve a shallow angle 
of entry for the bypass graft at the distal profunda 
femoris artery. The advantage of this distal end-to
side anastomosis compared with distal transection 
and an oblique or semicircular end-to-end anasto
mosis, is that differences in caliber or a back-wall 
plaque extending beyond the anastomosis can be 
ignored, and, in addition, retrograde blood flow 
in the proximal profundal segments perfuses the 
profundal side branches. The proximal connection 
of the vein graft, which reaches the groin either 
through the open wound or through a tunnel, is 
performed end-to-side with the common femoral 
artery. The hemodynamic disadvantage of this 
simple technique is that the geometric aspects of 
the femoral bifurcation are not taken into account. 

2. Profundoprofundal Bypass (Fig. 17.6.22) 

Much better hemodynamic conditions are 
achieved by a profundoprofundal bypass graft 
with a proximal end-to-end anastomosis between 
the graft and the profundal stump. The profunda 
femoris artery and superficial femoral artery are 
transected about 1 em distal to the bifurcation. If 
the circumflex arteries are still patent, the prof un-
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Fig. 17.6.21. Femoroprofundal bypass 
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Fig. 17.6.22a-d. Profundoprofundal bypass 

da femoris artery is divided distal to these open 
vessels (Fig. 17.6.22a). If back bleeding occurs, the 
openings of the distal stumps are sutured atrau
matically. Starting at the lumen of the proximal 
profundal stump, the superficial femoral stump is 
excised from the bifurcation by a long oval inci
sion, and the arteriotomy is extended upward into 
the common femoral artery (Fig. 17.6.22b). Then, 
the profundal stump and the common femoral ar
tery are endarterectomized in the correct cleavage 
plain. The length of the venous segment, which 
is already anastomosed distally, is first tailored ac
cording to the position of the profundal stump, 
and its anterior wall incised distally for a distance 
of about 1.5-2 cm. The profundal and venous 
stumps are then anastomosed semicircularly using 
interrupted sutures (Fig. 17.6.22c). The anterior 
wall defect over the anastomosis is closed with a 
vein patch graft (Fig. 17.6.22d). Narrowing of the 
patch allows for a smooth transition from the 
common femoral artery to the vein bypass graft. 
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A. Indications, Techniques, and Results 

"Service operations" are localized corrective pro
cedures to relieve stenoses due to hyaline or con
nective tissue proliferation in a vein bypass graft, 
or endarterectomy [2, 3]. Performed promptly, 
these operations can recanalize vessels totally oc
cluded by thrombosis and preserve the function 
of autologous blood conduits as long as possible. 
They are therefore an alternative to the implanta
tion of synthetic prostheses. Extensive or poly topic 
hyperplasias must be bridged with a bypass during 
a second operation. However, if these myointimal 
proliferations are localized, they may be excised. 
Figures 17.7.1 a-17.7.4a schematically represent 
the arteriographic images of such stenoses. At 
short intervals between the primary operation and 
the service operation (less than 3 months), macro
scopic ring-shaped ridges consisting of mural 
thrombi or mesenchymal connective tissue are 
found. In this initial stage of development, they 
may still be treated by PTA. After a longer interval 
(more than 3 months), these ridges form stenoses 
consisting of solid, collagenous connective tissue 
that must be removed sharply with a scalpel. Blunt 
dissectors are not suited for this purpose, as they 
do not penetrate the indurated tissue. Stenoses 
within a venous bypass graft consist of concentri
cally arranged fibrotic tissue. The predominant 
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Fig. 17.7.1a-e. Service operation to relieve a recurrent 
stenosis within an autologous vein bypass graft. a Arte
riographic picture of a recurrent stenosis. b Exposure 
of the recurrent stenosis. c Removal of the myointimal 
proliferation. d Smoothing of the internal surface with
out tack-down sutures. e Patch graft angioplasty with 
autologous vein graft 
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sites of these lesions are the indurated rings of 
the previous valve leaflet attachments 
(Fig. 17.7 .1 b). Stenoses located at proximal or dis
tal anastomoses are not caused by shrinking, but 
mostly by extension of arteriosclerotic lesions into 
the vascular connections (Figs. 17.7.2b, 17.7.3b). 
Following the removal of hypertrophic connective 
tissue from endarterectornized segments, the stim-
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Fig. 17.7.2a-e. Service operation for removal of a recur
rent stenosis near the proximal end-to-end anastomosis 
of a vein bypass graft. a-e As in Fig. 17.7.1 
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ulated proliferation of the myointimal tissue does 
not necessarily continue, especially if the tendency 
of the "internal wound" toward scar formation 
has receded. Long-term analyses show that service 
operations on vein bypass grafts achieve a longer 
period of patency than the same procedures done 
on endarterectomized arterial segments [1] . 
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Fig. 17.7.3a-e. Service operation for removal of a recur
rent stenosis near the distal end-to-side anastomosis of 
a vein bypass graft. a-e As in Fig. 17.7.1 
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Fig. 17.7.4a--e. Service operation for removal of a recur
rent stenosis in an endarterectomized segment of an ar
tery. a--e As in Fig. 17.7.1 

B. Basic Technique for Indications 
and Localizations 

A recurrent stenosis within a vein bypass graft or 
an endarterectomized segment of an artery is ex
posed by a longitudinal arteriotomy (Fig. 17.7.1 h-
17.7.4 b) and removed with a scalpel (Fig. 17.7.1 c-
17.7.4c). Fixation of intimal flaps or protrusions 
is not necessary, due to the adherence of the con
nective tissue. Only its margins must be smoothed 
by applying slight pressure (Figs. 17.7.1 d-
17.7.4d). The arteriotomy is closed with an autolo
gous vein graft (Fig. 17.7.1e-17.7.4e). 

Following surgery, medication must be admin
istered as a prophylaxis against recurrences of such 
proliferations: anticoagulants should be admin
istered in vein bypass grafts and anti-platelet drugs 
in endarterectomies. 
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A. Anatomy (see also p. 13) 

The branching point of the common carotid ar
tery, the carotid bifurcation, may be found at dif
ferent levels, anywhere between C2 and C5jC6. 
It is most commonly found at the level of C4, 
(Fig. 18.1.1). The level of the carotid bifurcation 
has an influence on the angle between the two 
arteries originating at this point: a caudal division 
leads to an acute angle and a more cranial division 
to a more archlike bifurcation [18]. The internal 
carotid artery usually lies on the lateral side and 
in 8% of cases on the medial side. A medialloca
tion may make exposure of this artery difficult. 
The carotid arteries are almost always very 
straight and tightly stretched as they run up 
through the neck. However, sometimes they may 
show marked elongation, especially the internal 
carotid artery. There are congenital elongations, 
which are found in children, and acquired elonga
tions due to arteriosclerotic lesions. Elongations 
are more often found in eldery patients, and may 
be C- or S-shaped with or without a kinking steno
sis. Some may even have a sigmoid shape and, 

Fig. lS.l.l a-e. Different levels and locations of the caro
tid bifurcation (according to VON LANZ and W ACHS

MUTH) [17]. Besides the differences in location depicted 
here, many other variations may occur: medial position 
of the internal carotid artery, variations in the course 
of the external carotid artery, as well as the very rare 
aplasia of the internal carotid artery 
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Fig. 18.1.2. The line drawn between the mastoid process 
and the angle of the jaw, as described by BLAISDELL 
[4], represents the boundary for operable lesions in the 
carotid artery. Additional dissection may be performed 
above this line to expose the distal portion of the artery; 
however, preparation is very extensive and difficult 

Occlp,lal a / 

Hypoglossal n : / 

Ansa cervlcahs 

Internal carotid a 
Superoor 
thyroid a 

Fig. 18.1.3. The crossing point between the hypoglossus 
nerve, the ansa hypoglossi, and the occipital artery form 
a scissor-shaped junction that may lead to medial dis
placement of the internal carotid artery. Intimal dissec
tion with thrombotic occlusion of the vessel is commonly 
found at this site following whiplash injuries. A congeni
tal elongation can also lead to hemodynamic impairment 
by displacing the internal carotid artery 

in extreme cases, loop formations. One should also 
bear in mind the occurrence of fibromuscular dys
plasia of the internal carotid artery, which may 
considerably limit the possibility of reconstruction. 

No access to the carotid bifurcation and the 
internal carotid artery can be obtained in the re
gions cranial to a line drawn between the mastoid 
process and the angle of the jaw (Fig. 18.1.2) [2]. 
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Dissection a few centimeters above this line is pos
sible in some cases; however, exposure of the inter
nal carotid artery beneath the base of the skull 
is technically very difficult and also quite risky. 
In case a carotid lesion is located far up under 
the skull, an extra-intracranial bypass may be con
sidered as an alternative (see p. 488). Aplasia of 
the internal carotid artery is very rare. 

The origins of the branches of the external caro
tid artery show great anatomic variability. The su
perior thyroid artery may arise from the common 
carotid artery or from the external carotid artery. 
The occipital artery usually originates at the exter
nal carotid artery and crosses the internal carotid 
artery. In less than 0.1 % of cases it arises from 
the internal carotid artery. The auricular artery 
is found above the occipital artery. The hypoglos
sal nerve is most commonly situated at the level 
of the occipital artery. The point at which it gives 
off the descending branch to form the ansa hypo
glossi, at the same time passing beneath the occipi
tal artery, forms a scissor-shaped junction that 
may lead to medial displacement of the internal 
carotid artery. This is why intimal dissections fol
lowing whiplash injuries are found at this site 
(Fig. 18.1.3). 

The carotid triangle is bordered cephalad by 
both parts of the digastric muscle and the jaw, 
laterally by the sternocleidomastoid muscle, me
dially by the midline of the anterior surface of 
the neck, and caudad by the omohyoid muscle [8]. 

B. Indications 

Reconstruction of the carotid bifurcation, includ
ing the internal carotid artery and external carotid 
artery, is indicated in stenoses, occlusions, or elon
gations of the vessels where blood flow is impaired. 
In our own patients, 85% of all operable lesions 
of the supra-aortic branches are found in this re
gion. Postmortem statistics show that two thirds 
of all cerebral insults have extracranial causes [12]. 
Therefore, early diagnosis and selection of patients 
for reconstruction are of special importance. 

A classification into clinical stages, analogous 
to Fontaine's system for classifying symptoms in 
the lower extremity, has been established, although 
it has been treated with much skepticism. 

Clinical stage I characterizes the asymptomatic 
stage, in which an operation can be seen purely 
as a prophylactic measure. Examinations have 
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shown that, at this stage, the risk of a cerebral 
insult is present only in very high grade stenoses; 
narrowings of lesser degree should be taken as 
signs of underlying arteriosclerotic disease, with 
the danger of coronary heart disease. Surgery 
should be performed in stage I patients only if 
the degree of stenosis is 80% or more [6, 13,23]. 
However, this stage gains in importance if the pa
tient has to undergo surgery for a different reason 
and there is a risk that a hypotensive episode may 
occur during that operation. In such cases, it is 
advisable to search for asymptomatic carotid ste
noses and to relieve them if they are high grade 
lesions. 

Clinical stage II is a stage in which the patient 
experiences intermittent cerebral insufficiency with 
transitory ischemic attacks in the form of amauro
sis fugax, syncopal episodes, or other symptoms 
that may be interpreted as signs of an existing car
otid stenosis. If the TIA is not fully reversible with
in 24 h (stage IIa), it can be classified as a pro
longed reversible ischemic neurologic deficit 
(PRIND, stage lIb). It can only be differentiated 
from a definitive cerebral insult if cerebral 
ischemia is found during computed tomography. 
Usually, one may correctly locate the side on 
which the degenerative process has developed, but 
sometimes this is not possible in patients who pre
sent with global signs of cerebral insufficiency, 
e.g., vertigo, syncopal attack, forgetfulness, or ab
normal psychological behavior. In such cases it 
can be very difficult to associate the clinical symp
toms with an extracranial stenosis of the carotid 
arteries. Thoroughgoing, comprehensive differen
tial diagnosis is necessary in order to rule out other 
possible causes, in particular an ischemic eye dis
ease, which often goes undetected or is misdiag
nosed. In occlusions of the contralateral side, an 
intracerebral steal effect should always be consid
ered. 

If, however, typical focal ischemic neurologic 
symptoms and temporary contralateral pareses or 
amaurosis fugax are present, the indication for sur
gery in a high grade stenosis is absolute. In a ste
nosis oflesser severity, the decision to operate de
pends on the type of arteriosclerotic wall lesion. 
Lesions constantly emitting emboli into the brain 
must be removed by surgery [28]. 

Clinical stage III (" progressive stroke") is the 
transition between functional and structural im
pairment. In this clinical stage, it is therefore very 
difficult to know whether surgery would benefit 
the patient'; in fact, the only sure indication for 
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operative intervention in this stage is an acute oc
clusion of the internal carotid artery. Sometimes, 
however, a very high grade stenosis, in other 
words, a subtotal occlusion, can be an indication 
for surgery [22]. The surgeon must be sure that 
the neurologic deficit has an extracranial cause and 
is not a result of repeated emboli spreading from 
ulcerated plaques in other vascular regions. Dur
ing reconstruction, there is always the danger of 
converting an anemic infarction into a hemorrhag
ic one. 

Clinical stage V represents complete and perma
nent stroke. Here, surgery can have only palliative 
value and is only feasible following absorption and 
organization of the infarcted area with scar tissue. 
Depending on the neurologic defects, it may be 
possible, even in this clinical stage, to prevent 
another CV A and thereby limit the neurologic 
deficit. 

In cases where a clearly defined high-grade sten
osis is present, together with unmistakable clinical 
symptoms, diagnostic measures may be limited to 
ultrasonic Doppler examinations without angiog
raphy, provided that clear evidence of ischemic 
brain damage or other brain disease has been dem
onstrated by computed tomography [1]. Experi
ence shows that some patients with a carotid ste
nosis may have additional lesions, such as a brain 
tumor or heart disease. 

Doppler ultrasound has proven extremely help
ful as a screening method [21]. It has become the 
diagnostic method of choice alongside clinical ex
amination, which includes auscultation and neu
rologic examinations, and it often allows the final 
diagnosis to be made [25]. 

Computed tomography is not always necessary 
in an asymptomatic, accidentally discovered caro
tid stenosis that is correctable prior to a more ex
tensive surgical procedure. If computed tomogra
phy is done on a patient who has experienced a 
TIA with complete neurologic reversibility of 
symptoms, small, infarcted areas may be found, 
which are usually not a contraindication for sur
gery. In stage III, CT scanning during the first 
6-8 h after the onset of symptoms may not con
tribute substantial information as to whether or 
not surgery should be attempted. More important 
are the patient's degree of consciousness and the 
time interval since the onset of acute symptoms. 
Full consciousness and reasoning ability may favor 
surgery. Not more than 6-8 h should have passed 
since the onset of symptoms [29]. Surgery is con
traindicated if the patient is unconscious or stu-
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porous. An operation may be attempted in excep
tional cases, but only following computed tomog
raphy [7]. In stage IV of cerebral insufficiency the 
size of the defect or the number of small defects 
may help to decide whether or not vascular recon
struction will be of any benefit to the patient. If 
very large areas of the brain are locally or diffusely 
impaired, one must be very cautious in deciding 
whether to operate. Revascularization can lead to 
an overcompensated perfusion of the brain, which 
might not be tolerated in every case. 

Angiography is still the most reliable diagnostic 
tool in selecting patients for surgery. All doubtful 
cases must undergo angiographic clarification, 
which allows adequate assessment of wall condi
tions in two planes. This requirement is met by 
classic carotid angiography with two projections. 
Digital subtraction angiography of the supra-aor
tic branches can be employed only as a screening 
method. Even if the contrast medium is injected 
intra-arterially, DSA may not always allow ade
quate delineation of the carotid bifurcation or 
more cranially localized loops with kinking ste
noses. It is a great mistake to try to interpret 
blurred pictures of the carotid artery. In such 
cases, ultrasonic Doppler examinations or B-mode 
ultrasonography should additionally be utilized 
[19]. It is even better to repeat angiography, using 
the conventional method in two projections. 

Angiography allows for classification of vascu
lar wall lesions in most cases. Especially dangerous 
are mural atheroma or atheromatous plaques and 
debris from which microemboli tend to dislodge. 
Smooth, high-grade carotid stenoses must always 
be seen as precursors of an obstruction. Therefore, 
they should always be treated surgically during 
the asymptomatic stage 1[22,23]. 

If displastic vascular processes are suspected, 
X-rays should be obtained. Fibromuscular dyspla
sia or a kinking stenosis cannot be reliably assessed 
except by angiography. For this purpose, conven
tional angiography in two projection planes is bet
ter suited than digital subtraction angiography. 
While conventional angiography does of course 
involve a certain risk that can never be completely 
eliminated, the risk is very low in the hands of 
an experienced radiologist. Angiography should 
be performed if it is important for the further 
course of treatment, i.e., only if the patient con
sents to a possible operative correction and meets 
the requirements for general operability. 

Finally, one must consider if the patient is tak-. 
ing certain drugs, especially anticoagulants or anti-
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platelet medication [5]. The risk of perioperative 
hemorrhage is undoubtedly higher in such pa
tients. If surgery must be performed in spite of 
such medication, careful hemostasis is of the ut
most importance. Laboratory examinations of the 
clotting system, including the thrombin time, are 
mandatory. Blood samples for type and cross
matching should be sent. Usually, blood units do 
not have to be available in routine reconstructions 
of the carotid arteries [9, 10]. 

c. Anesthesia (see also p. 201) 

The fact that many patients are elderly means that 
additional risk factors pertaining to anesthesia and 
the operation itself are present. Besides metabolic 
and pulmonary disorders, coronary heart disease, 
myocardial infarction, and hypertension with con
comitant arrhythmias are undoubtedly the most 
important risk factors. Preoperative antihyperten
sive therapy should be continued or extended, and 
beta-blocker therapy should not be discontinued. 
Preoperative digitalization should not be inter
rupted. Starting digitalis therapy before surgery 
cannot be recommended; instead, positive inotro
pic drugs should be administered intraoperatively. 
In untreated hypertension and coronary heart dis
ease with one or two previous episodes of infarc
tion, a Swan-Ganz catheter should be inserted for 
correct and reliable treatment of hypertensive epi
sodes. As a rule, arterial pressure measurement 
should be done in addition to EeG monitoring 
(see pp. 195ff., 201). 

Anesthesia should have only slight cardiode
pressive side effects. Inhaled anesthetics such as 
halothane and isoflurane are preferred. A strong 
tendency toward hypertensive episodes during an
esthesia makes it necessary to administer antihy
pertensive drugs in 30% of cases (see p. 195). 

Arterial pressure measurement in combination 
with a Swan-Ganz catheter makes it easier to 
achieve a balance between preload-reducing drugs 
such as trinitrosan and afterload medications such 
as nifedipine (Adalat) and sodium nitroprusside 
for the prevention of left heart failure. 

A large fall in systemic blood pressure may be 
expected during induction of anesthesia and is 
quickly reversible. Increasing the systolic pressure 
during occlusion of the internal carotid artery for 
improvement of cerebral perfusion is ineffective 
and carries the additional risk of provoking cardi
ac arrhythmias and a hypertensive crisis. During 
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the surgical procedure, slight hyperventilation of 
the patient with constant checking of blood gas 
measurements is preferred, maintaining arterial 
p02 around values of150 mmHg. Starting osmotic 
therapy intraoperatively just before the common 
carotid artery is occluded, as prophylaxis against 
cerebral edema, is controversial. Diffuse cerebral 
injury due to clamping is rare. Localized defects 
with perifocal edema cannot be treated by osmotic 
therapy. 

The patient should recover from anesthesia 
after leaving the operating room. To prevent post
operative hypertensive episodes, adequate analge
sia must be achieved. Prophylactic ventilation 
without hyperventilation must be continued under 
blood gas control until the patient is totally awake. 
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Postoperative hypertensive episodes must be treat
ed immediately. Another cause of a hypertensive 
crisis, besides respiratory and cardiac disorders, 
may be a distended urinary bladder. 

Hypertensive crises are often precursors of neu
rologic deficits. If neurologic deficits are present 
almost immediately after surgery, osmotic treat
ment should be started and artificial ventilation 
continued under careful control of blood pressure 
values. Without ventilation, there is a tendency 
toward cardiac decompensation and acute respira
tory insufficiency. The patient's head should be 
raised on a pillow for adequate drainage following 
surgery. Also, adequate sedation is necessary. The 
patient should always remain in the intensive care 
unit for the first 24 h, as hemorrhage with immense 
tissue swelling may occur, leading to acute ob
struction of the airways. Usually, adjustment of 
hypertensive treatment is also necessary postoper
atively. 

c 

Fig. 18.1.4. a Incision along the anterior margin of the 
sternocleidomastoid muscle. Other types of incisions for 
exposure of the carotid artery are obsolete. b After open
ing the neurovascular sheath the hypoglossal nerve, to
gether with its ansa, is exposed, and the vessel is incised 
following adequate exposure of the artery. c The incision 
must be extended over the arteriosclerotic plaques until 
an undiseased segment of the internal carotid artery and 
of the common carotid artery is reached. One should 
always watch out for lesions within the external carotid 
artery (broken line). If necessary, they should be removed 
by a separate arteriotomy 
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D. Positioning 

The patient is placed in a supine position, with 
the head bent back slightly and turned toward the 
opposite side. Sometimes, the half upright posi
tion, as in a goiter operation, is recommended, 
usually by advocates oflocal anesthesia. This posi
tion is, however, not preferred by most surgeons. 
Dangerous hypotensive episodes may result if the 
thorax is kept upright while the legs remain low
ered. The operating area to be disinfected includes 
the entire side of the neck, as well as the lower 
jaw and earlobe, and extends below the clavicle. 
When draping, the earlobe should remain uncov
ered in order to serve as an orientation point 
(Fig.1S.1Aa). 

E. Surgical Approach 

The surgical approach must allow for good expo
sure of the arterial region in question. This is best 
done by an incision made at the anterior margin 
of the sternocleidomastoid muscle (Fig. 1S.1.4a). 
Anatomic variations must be considered, particu
larly the level of the carotid bifurcation. The inter
nal carotid artery must be adequately exposed. 
The incision is extended upward to the lower mar
gin of the earlobe. It should not be made ventral 
to the earlobe because of the greater chance of 
injuring the facial nerve. Transection of the trans
verse nerve of the neck cannot be avoided. The 
great auricular nerve, however, should be pre
served. Sensory impairment near the ear is often 
found to be very disturbing postoperatively. Mter 
dividing the platysma and the anterior fascia of 
the neck, the sternocleidomastoid muscle is re
tracted dorsolaterally, and the common facial vein 
is transected. Dissection is performed medial to 
the jugular vein (Fig. 1S.1.4b). The lymph nodes 
are displaced laterally. The descending branch of 
the ansa hypoglossi runs on the medial side of 
the jugular vein and should be preserved; however, 
if exposure is difficult, it may be divided without 
sequelae. One should always watch for the vagus 
nerve lying in the posterior portion of the neu
rovascular sheath. Its position, however, may 
vary: sometimes, it lies more in front, and in rare 
cases, it crosses the common carotid artery. If the 
vagus nerve is accidentally caught during proximal 
clamping of the carotid artery, postoperative pare
sis of the recurrent nerve will result. 
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Following dissection around the common caro
tid artery, the carotid bulb is exposed. Unneces
sary manipulation should be avoided during this 
maneuver in order not to dislodge possible emboli. 
If an atheroma is expected at this site, early clamp
ing of the common carotid artery may prevent em
bolic spread. However, oxygen supply to the corre
sponding hemispheres is thereby reduced. There
fore, this maneuver should be reserved for cases 
with a high risk of embolism. 

F. Technique of Exposure 

The hypoglossal nerve crosses the internal carotid 
artery in a lateral to medial direction. It courses 
one fingerbreadth beneath the anterior part of the 
digastric muscle and should be preserved. In a 
lower carotid bifurcation, exposure of the artery 
up to this nerve is sufficient. If the bifurcation 
lies higher, the hypoglossal nerve must be mobi
lized and retracted medially; often, the ansa hy
poglossi must be divided first. Sometimes, the occi
pital artery, which crosses at this point, must also 
be transected (Fig. 1S.1.3). 

Dissection of the internal carotid artery may 
be easier if an umbilical tape is passed around 
the external carotid artery just distal to the bifur
cation. Good exposure of the carotid bulb can be 
achieved by this maneuver. This also facilitates dis
section of the internal carotid artery, which takes 
off medially. Adequate exposure of the external 
carotid artery is always of great value and should 
extend upward to the origins of the first branches. 
Separate origins of the superior thyroid artery, 
lingual artery, and facial artery are found in SO% 
of cases, trunk formation in 20% [16]. All three 
arteries arise from the external carotid artery in 
50% of cases. The superior thyroid artery origi
nates at the branching point of the common caro
tid artery in 20% and arises from the common 
carotid artery in 10%. This variation is more often 
found on the left side than on the right and in 
women more frequently than in men. 

Cranial Exposure of the 
Internal Carotid Artery 

Sometimes, lesions within the internal carotid ar
tery reach all the way up to the base of the skull. 
If these findings are known preoperatively an elec
tive procedure should be planned in a specialized 
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medical center, as the exposure of the internal car
otid artery beneath the skull is very difficult. 

In emergency operations a high exposure is 
sometimes necessary, especially in tearing of an 
intimal ridge, rupture of a vessel caused by a faulty 
suture technique, or in repeat operations, e.g., 
after infection of a patched artery. 

In this procedure, the anterior part of the di
gastric muscle must be divided. The jaw is pulled 
forward. Mobilization of the jaw joint is not usual
ly necessary. During dissection further upward the 
stylohyoid muscle is encountered, on which the 
glossopharyngeal nerve decends. It must be care
fully preserved. This exposure allows meticulous 
dissection of the internal carotid artery over a 
length of about 3---4 em. Usually, dissection up to 
the base of the skull is possible. Chiseling away 
the mastoid process is not necessary. However, re
moval of the stylohyoid process may be advanta
geous. Sewing at the entry site of the internal caro
tid artery into the bone canal is difficult because 
of poor visualization. A vein interposition graft, 
however, can be anastomosed to the artery. The 
sutures may be anchored in the periosteal covering 
of the carotid canal. The proximal anastomosis 
is performed according to the usual technique. 

G. Intraoperative Diagnostic Procedures 

Intra-arterial pressure measurement in the internal 
carotid artery following clamping of the common 
carotid artery and the external carotid artery may 
give a good evaluation of the quality of collateral 
circulation. This helps one to decide whether or not 
an intraluminal shunt should be employed [20]. 
If retrograde flow pressure is more than 50 mmHg, 
it is not likely that clamping will cause an ischemic 
deficit. If retrograde flow pressure is under 
50 mmHg or is less than one third of the mean 
systemic pressure, and if abnormalities in the EEG 
with changes in the evoked potentials are found, 
the insertion of an intraluminal shunt is advisable 
since perfusion over the circle of Willis may not 
be sufficient, especially if the contralateral carotid 
artery is obstructed. 

Flow measurement does not play an important 
role in a routine operation. The results before and 
after reconstruction are flawed by reactive cerebral 
hyperemia. In the presence of a high grade stenosis 
or a dysplastic vascular system, the effect of recon
struction may be estimated and registered by flow 
measurements. 
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The routine application of EEG during the op
eration is controversial. In our own patients, the 
intraoperative EEG has never shown the develop
ment of a postoperative neurologic deficit with or 
without clamping or insertion of a shunt. There
fore, we have abandoned routine application of 
EEG. Evoked potentials may make a better analy
sis possible in the future and help answer questions 
concerning insertion of a shunt or duration of the 
clamping phase during surgery. Furthermore, elec
tronic evaluation of the EEG may also yield help
ful information. 

Ultrasonic Doppler examination can provide a 
good postoperative assessment of the results of 
reconstruction. Mter putting on sterile rubber 
gloves, one can hold the probe over the wound 
area without difficulty, following the application 
of contact gel. SANDMANN [26] has recommended 
the use of a pulsed Doppler signal for registration 
of postoperative turbulence. Surgical results can 
be assessed with this method, and if errors are 
found, they can be corrected. This method of per
turbation measurement is more sensitive than in
traoperative control angiography. A static picture 
in only one projection allows gross assessment of 
surgical results. Peripheral vascular changes and, 
above all, distal stenoses of the internal carotid 
artery should be known to the surgeon preopera
tively; therefore, intraoperative angiography for 
examination of peripheral intracranial vessels is 
indicated only in exceptional cases. The risk of 
contrast medium injection must be considered. 
Neurologic complications due to intraoperative 
angiography have been seen in several cases. If 
angiography is absolutely necessary, only small 
amounts of contrast medium should be injected 
into the common carotid artery and X-ray pictures 
taken immediately thereafter. A repeat injection 
using the same small amount of contrast medium 
may be given after a few minutes if the first at
tempt fails. 

H. Reconstructive Techniques 

I. Endarterectomy of the Internal Carotid Artery 

Progress in the development of surgical techniques 
for reconstruction of the carotid bifurcation has 
always been tempered by uncertainty surrounding 
the question: how long can blood flow to the brain 
be interrupted without damage to cerebral tissue? 
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a 

c 
Fig. 18.1.5a-c. The arteriosclerotic plaque does not al
ways tear at its upper circumference without leaving a 
ledge (a). In such cases the plaque should be transversely 
divided and the intimal ledge fixed by a continuous 
atraumatic suture. At the same time, the flaccid vascular 
wall can be plicated with an everting suture, eliminating 
possible elongation of the vessel (b). This technique is 
not sufficient in larger elongations with kinking stenoses 
or loop formations . In these cases, resection of elongated 
vascular segments and end-to-end reanastomosis of the 
vascular stumps is recommended (c) 

Even though much knowledge and experience has 
been gained in the attempt to answer this question, 
the discussion is not over yet. 

The systemic application of SOOO units of hepa
rin is recommended before clamping. However, 
some investigators feel that heparinazation is not 
necessary. Following adequate dissection, the in
ternal carotid artery is clamped as far cranially 
as possible, i.e., in a segment that is free of arte
riosclerotic lesions. Blood flow in the external caro
tid artery and common carotid artery is then in
terrupted. Clamping of the common carotid artery 
is done last to prevent the dislodgement of blood 
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clots or atheromatous debris [24] . A short arteriot
omy is made to open the common carotid artery 
and is extended into the internal carotid artery 
until an undiseased segment of the artery is 
reached and the stenotic plug can be visualized 
in its entirety. The incision should extend approxi
mately 1-2 fingerbreadths below the bifurcation. 
The local arteriosclerotic narrowings often begin 
at the level of the carotid bulb. Sometimes, it is 
necessary to lengthen the incision for a certain dis
tance into the common carotid artery. The intralu
minal shunt may now be inserted. Disobliteration 
without a shunt is easier. 

The surgical risk is not increased if the shunt 
is inserted after disobliteration. Endarterectomy is 
accomplished by dissecting the atheromatous plug 
with a dissector (Fig. 18.lo4c). The correct cleav
age plane lies between the media and adventitia. 
Sometimes, cleavage may be difficult in patients 
who have taken antiplatelet drugs. In about SO% 
of cases, the atheromatous plug may be discon
nected cranially without leaving an intimal edge 
behind. In about as many cases, this is not possi
ble, and a flap remains which must be tacked down 
to the underlying layers to prevent detachment and 
embolization (Fig. 18.loSa). Disobliteration often 
leads to distinct elongation of the vessel if cleavage 
has taken place between the outer layer of the me
dia and the adventitia. This must be corrected in 
every case. The firm, straight course of the vessel 
must be restored, either by internal plication of 
the back wall [14] or by resection of an entire 
segment of the vascular wall (Fig. 18.loSb). Plica
tion has the disadvantage that it leads to fold for
mation which protrudes into the vascular lumen, 
and this may encourage the development of an 
early occlusion. A segmental resection with reanas
tomosis of the vascular stumps after continuous 
over-and-over suture of the back wall may achieve 
better hemodynamic conditions (Fig. 18.loSc). The 
vascular stumps must be adapted in size, which 
may make a longitudinal resection of a segment 
of the common carotid artery necessary. An arte
riosclerotic plaque which continues into the distal 
portion of the internal carotid artery can usually 
be removed without leaving an intimal ledge [27]. 
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n. Endarterectomy of the Common Carotid Artery 

Endarterectomy of the internal carotid artery is 
continued into the common carotid artery. If the 
atheromatous plug with an inner core containing 
intima and media does not taper off at its proximal 
end, it must be sharply divided, leaving a small 
ledge behind. Because it lies in the direction of 
blood flow, it does not have to be tacked down. 
Retrograde application of the ring stripper may 
be unsafe and hazardous and will not remove the 
thickened intima without leaving a ledge or injur
ing the artery at its origin. 

Now, the intraluminal shunt can be inserted, 
which is basically a polyethylene tube with a suture 
attached to it. Tapes are then placed around the 
artery proximally and distally and closed tightly. 
This is a simple, inexpensive, and reliable method 
of adapting the vessel lumen to the shunt. Other 
shunt models are discussed elsewhere (see p. 51). 
The wide variety of shunts on the market indicates 
that no ideal solution has been found yet. No clots 
should develop inside or around the shunt. It does 

Fig. 18.1.6a-d. An intraluminal shunt should be inserted 
wherever it is necessary. It is first introduced distally 
and then flushed before its insertion into the proximal 
end of the arteriotomy to ensure that no blood clots 
or atheromatous debris are present that might embolize 
into the brain. The arteriotomy of the internal carotid 
artery is closed with a vein patch graft. The external 
carotid artery may be sutured directly (b) . c Before fin
ishing the suture of the vein patch to the artery, the 
intraluminal shunt is removed. d A vein patch graft 
should neither widen nor constrict the artery 

471 

not matter whether the shunt is first introduced 
proximally or distally. The following sequence of 
insertion is recommended: introduction of the 
shunt distally, fixation, retrograde flushing, flush
ing of the common carotid artery, careful insertion 
of the shunt into the common carotid artery with
out scuffing an atheroma, and finally, unclamping. 
Great care should be taken not to inflict any injury 
when inserting the shunt. This is especially impor
tant if the vascular walls are quite fragile, as in 
dysplasia. In such a case, a shunt should not be 
used [24]. The tapes used to hold the shunt in 
place should not be pulled too tightly; otherwise, 
the intima may be injured (Fig. 18.1.6a-d). 

m. Endarterectomy of the External Carotid Artery 

The origin of the external carotid artery is exposed 
after the arteriosclerotic material has been re
moved from the internal carotid and common car
otid arteries. A shunt mayor may not be inserted. 
The external carotid artery must be freed of all 
atheromatous debris. The arteriosclerotic cylinder 
can sometimes be removed without leaving a ledge 
at the origin; in other cases, such a ledge may 
extend into the internal carotid artery. In the latter 
case, the ledge can be extracted using an elevator, 
or perhaps a ring stripper. Blind disobliteration 
is dangerous and should not be attempted. There 
is a high probability of thrombotic occlusion of 
the external carotid artery if endarterectomy is not 
done with the utmost care and if debris is not 
completely removed. If occluded, the artery cannot 

c 
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act as a collateral vessel. This leads to hemody
namically unfavorable conditions in the internal 
carotid artery, owing to the unequal blood flow 
in the common and internal carotid arteries. And 
these conditions in turn can facilitate thrombosis. 
A thrombosis of the external carotid artery may 
extend into the internal carotid artery. Therefore, 
the inner core of the arteriosclerotic intimal sur
face must be removed without leaving an edge or 
intimal flap within the external carotid artery. If 
there is doubt as to whether the distal end points 
of the arteriotomy contain such remaining edges, 
an additional longitudinal incision of the anterior 
wall of this artery must be performed. Under direct 
visualization, the thickened internal layer is sharp
ly divided, and a continuous suture is used to tack 
down the end point. Usually, the incision in the 
external carotid artery can be closed by primary 
suture. A patch graft is recommended only if a 
transverse internal ledge or flap remains at the 
origins of the branches. The external carotid artery 
is patent if a pulse is felt in the temporal artery 
(Fig. 18.1.3). 

IV. Surgical Management of an Elongated 
Internal Carotid Artery 

Elongations of the internal carotid artery may re
quire surgical correction. Kinking can cause ste
noses with impairment of blood flow in certain 
head positions. Aneurysms and acute thromboses 
of elongated tortuosities have been observed. An 
everting suture [14] may shorten the artery by 
about 1.0-1.5 cm. This technique, however, can 
be recommended only in some cases because it 
creates a shelf within the artery. The resection of 
an elongated portion of the vessel with removal 
of the tortuous wall parts is preferred. The same 
is done in stenotic kinks and loop formations. Inti
mal cushions often develop within kinks. The back 
wall is closed with a continuous over-and-over 6-0 
or 7-0 suture. Small differences in caliber may be 
compensated by the suture. If the differences are 
larger, the diameters of the vessel stumps must 
be adapted before suture. A shunt may be used 
in this operation. However, manipulations at the 
peripheral vascular stump may lead to injury of 
the intima. The shunt, if used at all, should be 
inserted only after the artery has been shortened. 
The anterior arteriotomy of both stumps is closed 
with a patch graft (Figs. 18.1.7 and 18.1.8). 
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Fig. 18.1.7a-c. Different types of elongations. a C-type 
elongation without kinking; b elongation without a sten
otic kink; c elongation with coiling 

Fig. 18.1.8a-c. Different techniques for eliminating vas
cular elongation. a Condition after resection of the elon
gated portion of the vessel, and-to-end anastomosis of 
the vascular stumps and incorporation of a patch graft. 
This surgical technique is always applicable. b After 
shortening, the stump of the internal carotid artery is 
tailored obliquely at the carotid bifurcation and rein
serted end-to-end. c After transection of the internal ca
rotid artery it is anastomosed obliquely end-to-side, 
proximal to its primary location. This technique is rec
ommended only in exceptional cases 
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V. Surgical Management of an Elongated 
Common Carotid Artery 

If all three arteries, internal, external, and common 
carotid, are greatly elongated, a segmental resec
tion of the common carotid is advocated just be
neath the carotid bifurcation. This allows for ade
quate straightening of the internal and external 
carotid arteries. If a stenosis at the origin of the 
internal carotid must be corrected at the same 
time, this artery is incised, starting at the bifurca
tion. Stenosis and elongation of the internal caro
tid are treated as described earlier. The back wall 
is sewn with a continuous over-and-over suture 
after segmental resection of the common carotid 
artery (Fig. 18.1.8). 

VI. Closure of the Arteriotomy 

The closure of the arteriotomy is usually done with 
a patch graft. Either an autogenous vein, harvested 
from the great saphenous vein above the medial 
malleolus, or a synthetic patch may be used. The 
patch is tailored to fit the caliber of the vessel. 
The suture should not constrict or widen the ar
tery. The incision of the internal carotid artery 
may, of course, be closed by direct suture. How
ever, the danger of immediate or late construction 
must be considered. A vein patch increases surgical 
security. Probes and shunts can be helpful [24, 
25] during direct suture of the arteriotomy and 
to prevent narrowing of the lumen. However, their 
usefulness should not be overestimated. 

The patch graft is held in place with a horizon
tal mattress suture at each comer of the arteriot
omy. Back and front walls are sutured, starting 
at both comers. The intraluminal shunt is checked 
for patency before finishing the suture. Both arte
rial stumps are examined by opening the clamps 
briefly. The suture is then completed. The external 
carotid artery is unclamped first. Then, the clamp 
on the internal carotid artery is removed. During 
unclamping of the common carotid artery the ori
gin of the internal carotid artery should be oc
cluded. This maneuver directs dislodged embolic 
material into the external carotid artery circula
tion; it is a precaution to prevent debris from em
bolizing into the distal portion of the internal caro
tid artery. Bleeding from the stitches usually ceases 
spontaneously. Hemorrhage and small tears may 
occur in dysplastic or very thin vascular walls. In 
such cases,hemostasis may be achieved by apply-
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ing fibrin glue to the sites. Supplementary sutures 
may worsen injury to the vascular wall. Following 
restoration of blood flow, the caliber of the inter
nal carotid artery exceeds preoperative values. If 
the artery does not dilate, a Fogarty catheter 
should be introduced following a stab incision at 
the patch graft to widen distal segments of the 
artery. This maneuver eliminates incongruities in 
caliber which provoke thrombosis. The Fogarty 
catheter may also be employed in small vessels 
or spastic narrowings. This maneuver always leads 
to some injury of the endothelium. Therefore, dila
tation should not be performed in vessels of nor
mal caliber. A Redon drain is positioned within 
the wound area, and the neurovascular sheath is 
closed by continuous suture. However, this is not 
absolutely necessary. Continuous suture of the 
subcutis and platysma usually suffices. A continu
ous over-and-over backward suture with atrau
matic 3-0 suture material should be used for 
the skin because of the danger of postoperative 
bleeding. 

vn. Angioplasty of the External Carotid Artery 

In occlusions of the internal carotid artery, revas
cularization of the external carotid artery may lead 
to improvement. A positive effect of this recon
structive procedure may be expected if retrograde 
flow in a collateral of the ophthalmic artery is 
found directed toward the circle of Willis. Revas
cularization is also indicated if an extra-intracrani
al bypass is planned. If a previously undiagnosed 
internal carotid occlusion is found after surgical 
exposure of the carotid bifurcation, angioplasty 
of the external carotid artery may be performed 
instead. 

The occluded origin of the external carotid ar
tery should be excised in a manner similar to pro
fundaplasty at the femoral bifurcation. This is ac
complished by ligating the internal carotid artery 
distally and transecting it.The incision is extended 
into the external carotid artery. Remnant portions 
of the vascular wall are resected. If necessary, local 
endarterectomy is performed. In such a case, the 
arteriotomy must be extended beyond the first 
branch arising from the external carotid artery 
Gust as in profundaplasty). At the end of this pro
cedure, a venous or a synthetic patch is sewn onto 
the artery. Sometimes, a portion of the resected 
internal carotid artery can be used as a patch graft 
following endarterectomy. The transition between 
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tihe rather wide common carotid artery and the 
narrow external carotid artery should be as 
smooth and gradual as possible. 

I. Postoperative Complications 
(see also p. 157ff.) 

I. Hemorrhage 

The most common complication in a reconstruc
tion of the carotid artery is hemorrhage. Because 
of the rich vascularization in the neck area and 
the common occurrence of postoperative hyper
tensive crises, most of the blood comes from tran
sected skin vessels. Sometimes, vascular sutures 
may start to bleed again. This makes intensive 
postoperative care necessary. Massive hemorrhage 
may lead to mechanical obstruction of the airways, 
owing to displacement of the soft connective tissue 
in the neck. In such a case, reintubation may be 
very difficult and sometimes impossible. There
fore, the patient should be reintubated early if 
bleeding is suspected. Once the patient is intubated 
and spontaneous breathing is restored, it is justifi
able in some situations to wait until the bleeding 
stops. However, in massive hemorrhage, the pa
tient should be reintubated immediately and trans
ported to the operating room with the wound 
under compression. Then, the skin sutures are 
quickly opened. Hemostasis is carried out using 
the standard procedures. Bleeding near the revas
cularized segment is stopped by suture ligation or 
application of fibrin glue. Reintervention has a 
high risk of infection. Therefore, during the post
operative course, the possiblity of septic arrosion 
must always be considered (see p. 167). 

II. Nerve Injuries 

Injuries of the recurrent nerve are the most com
mon among those found postoperatively, occur
ring in 1 % of our own patients. These are not 
direct injuries to the recurrent nerve. Instead, they 
are caused by accidentally catching the vagus nerve 
during clamping of the common carotid or internal 
carotid arteries. In some cases, direct puncture of 
the common carotid artery during angiography 
leads to bleeding from the puncture site. The he
matoma leads to massive fibrosis around the caro
tid artery, thereby changing the anatomic position 
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of the vagus nerve. Careful dissection around the· 
common carotid artery and the vagus nerve is a 
sure way to avoid nerve damage [24]. 

Damage to the clearly visible hypoglossal nerve 
is rare. Accidental division of this nerve is avoid
able. If this happens on one side, not much harm 
is done; it only leads to deviation of the tongue. 
However, division on both sides is a very severe 
complication, making spontaneous breathing al
most impossible. 

To avoid this extremely serious complication, 
a two-sided carotid stenosis is never corrected in 
one session. This is not, however, the strongest 
argument against simultaneous reconstruction. It 
is presently not possible to assess the effects on 
cerebral circulation if construction on both sides 
is attempted during the same session. 

Injury to the ansa hypoglossi remains without 
sequelae. Also, division of the transverse cervical 
nerve does no harm. Numbness experienced after 
injury of the great auricular nerve is sometimes 
disturbing, but harmless. Patients sometimes com
plain about neuralgia within the innervated areas 
of the transected nerves. These can be relieved by 
scar revision or transection of the nerves at the 
punctum nervosum. 

Temporary nerve injury may be caused by the 
retractor, which sometimes compresses the oral 
branch of the facial nerve. The same may happen 
to the hypoglossal nerve. These disorders due to 
retraction during surgery usually disappear within 
3 months. In some cases it may take 6 months. 
Paresis of the facial nerve may develop if the inci
sion is directed too near the angle of the jaw, lead
ing to transection of the nerve. Therefore, the inci
sion should always be made dorsal to the earlobe. 

Injury to the accessory nerve is rarely seen. The 
sequelae are always severe. The nerve is damaged 
by excess compression during retraction of the 
deep tissue, which can be avoided. 

Injury to the carotid body or the carotid sinus 
nerves has no postoperative sequelae. Manipula
tion near the carotid body during surgery can lead 
to circulatory depression and severe bradycardia. 
This complication may be eliminated immediately 
during surgery by infiltrating the carotid sinus 
nerves and carotid body with a local anesthetic. 

ID. Infection 

Infection of a carotid reconstruction is very rare. 
The incidence in our own patients was 2-3 per 
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1000. An infected synthetic patch may be replaced 
by a vein patch, provided the carotid wall can be 
sutured. A vein graft within an infected area is 
also prone to rupture. For safety reasons, the in
fected vascular segment is sometimes resected and 
reconstructed with a vein graft harvested from the 
great saphenous vein. Oblique end-to-end anasto
moses are performed. If possible, the external car
otid artery should be reconnected. 

Infection is a very serious complication. There 
is always danger of hemorrhage. One should not 
wait until it heals spontaneously. This allows mas
sive fibrosis to develop around the reconstructed 
artery and makes reoperation more difficult. Hem
orrhage can lead to acute respiratory distress by 
displacing connective tissue. Compression of the 
internal carotid artery may generate cerebral isch
emia with a neurologic deficit. 

IV. Cerebral Deficit 

The most dreaded complication in carotid surgery 
is postoperative neurologic deficit. Copious statis
tics show the frequency of this complication to 
lie between 1 % and 3% [1,4,6,11,19]. Although 
many investigations have been performed, the 
causes are not known exactly. Dissection at the 
carotid bifurcation may have caused embolization 
of arteriosclerotic debris. Another reason may be 
ischemic injury due to prolonged clamping. 
Ischemic brain damage is probably less common 
than microembolisms. At present, it is not known 
whether a neurologic deficit can be caused by dis
tributive circulatory disorders due to peripheral 
stenoses. Furthermore, it is still a matter of contro
versy whether hyperemia after reconstruction may 
potentiate injury to preoperatively impaired cere
bral tissue. 

If a neurologic deficit occurs immediately after 
surgery, a technical error must first be assumed. 
In such a case, the patency of the vascular recon
struction is checked. This can be done by Doppler 
ultrasonography alone. If doubt remains, angiog
raphy is indicated. Immediate exposure without 
further diagnostic measures to test the patency of 
the vessel is justified if an occlusion is suspected. 
A technical error which has led to thrombotic oc
clusion must be corrected. The thrombus must be 
totally extruded until strong back bleeding occurs. 
However, a thrombotic occlusion which is immedi
ately diagnosed and removed often leads to a neu
rologic deficit. Most likely, intracerebral vessels 
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are in some way affected when thrombosis occurs. 
Therefore, local thrombolysis by streptokinase ad
ministration in the distal cerebral arteries is recom
mended. This procedure has a high risk and is 
only acceptable if structural metabolism has not 
been damaged. Routine administration of strep
tokinase is not justified in postoperative occlusions 
of the internal carotid artery. 

According to large scale studies, half of all cere
bral deficits end in cerebral coma, leading to an 
apallic syndrome or death. The other half involve 
larger or smaller neurologic defects which may be 
reversible to some degree. The number of post
operative cerebral deficits should not exceed those 
occurring spontaneously. An upper limit of 3% 
can be postulated. The risk of a cerebral deficit 
is greater in a contralateral occlusion of the carotid 
artery than in a one-sided carotid stenosis. The 
opinion of a neurosurgeon should be sought be
fore deciding whether a protective extra-intracra
nial bypass is preferable to reconstruction of the 
contralateral stenosis in a patient with a sympto
matically occluded internal carotid artery on one 
side and an asymptomatic stenosis on the other. 

Other complications may be lymph fistula or 
injuries to veins or to the parotid gland. These 
were not observed in our own patients. Indura
tions of the lymph nodes may occur occasionally. 

J. Reinterventions 

Depending on the author, recurrent stenoses are 
reported as developing in 3%-18% of all patients 
within 1-5 years postoperatively. They are usually 
asymptomatic. The development of such recur
rences correspond to the character of the underly
ing disease. High grade and hemodynamically ef
fective recurrent stenosis is an indication for sur
gery. Reoperation is not different from the primary 
procedure. Dissection is more difficult, owing to 
scar tissue formation, and therefore the surgical 
risk is increased. It is a great advantage to free 
the proximal common carotid artery first. Recon
struction of the recurrent stenosis is not always 
possible. In such a case, the whole area of the 
endarterectomized vessel must be resected. Inter
position of a vein or synthetic graft is necessary. 
It must be ascertained whether the proximal and 
distal stumps can be anastomosed to the interposi
tion graft. The external carotid artery cannot be 
preserved in every case. If a long portion of the 
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in.ternal carotid artery is greatly narrowed, it is 
better not to reattach the internal carotid and in
stead to perfuse the external carotid artery. 

Reoperation is also sometimes necessary in an
astomotic aneurysms or aneurysms of the incorpo
rated venous patch graft. 
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18 Occlusions of the Supra-aortic Branches 

18.2 Occlusions of the Vertebral Artery 
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A. General Remarks 

The vertebral artery is the first branch of the sub
clavian artery. It is an important collateral vessel 
to the ipsilateral arm in occlusions or high grade 
stenoses of the proximal subclavian artery. The 
most common circulatory disorder in this artery 
is not stenosis or occlusion of the vertebral artery 
itself, but rather a compromised and reversed 
blood flow through the vessel, owing to occlusions 
or stenoses at the origin of the subclavian artery. 
This disorder is called the "subclavian steal syn
drome" and is described in Chap. 18.4 [11,12]. 

B. Anatomy 

The vertebral artery arises on both sides from the 
ascending subclavian artery, proximal to the origin 
of the thyrocervical trunk in 90% of cases. The 
frequency of atypical origins is equal on both sides. 
However, the right vertebral artery has a tendency 
to branch off more laterally, and the left one more 
medially. The following percentages verify these 
observations: in 4% the right vertebral artery 
arises from the subclavian artery distal to the 
thyrocervical trunk; on the left side this is the case 
in less than 0.1 %. The right artery originates di
rectly at the aortic arch in less than 0.1 %, and 
the left one in 4%. On the right side, the artery 
arises more than 2 em proximal to the thyrocervi
cal trunk - and often from the bifurcation of the 
innominate artery - in 4% of cases; for the left 
side, the frequency is 3%. 

Less significant are the following percentages: 
origin of the vertebral artery together with the 
thyrocervical trunk on the right in less than 1 %, 
on the left 2%; origin at the common carotid ar
tery on the right less than 1 %, on the left 0%; 
double origin from the aorta and subclavian artery 
or accessory vertebral arteries and from the thyro
cervical trunk, on the right less than 1 %, on the 
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left 1 %. The right vertebral artery shares a com
mon course with the thyrocervical trunk, inferior 
thyroid artery, and costocervical trunk in less than 
1 %. The left artery is a direct branch of the aortic 
arch in 4%, branching off proximal to the subcla
vian artery in 3%, and distal to it in 1 % [7]. 

It is not known whether unilateral or bilateral 
aplasia of the vertebral artery exists. If it does, 
it is very rare. Sometimes, anatomic variation may 
be mistaken for aplasia. From the surgical stand
point it is important that the vertebral artery usu
ally arises dorsally. The vertebral artery reaches 
the vertebral canal through the foramen of the 
transverse process of the sixth cervical vertebra 
in 90% of cases. On the left side it enters more 
often into a different foramen: Cs in 5%, C4 in 
2%, C7 in 2% and C3 in 1 %. The topographic
anatomic relationship of the vertebral artery to 
its neighboring regions is important for exposure. 
The subclavian artery lies anteriorly. On the left 
side, the thoracic duct joins the venous angle. The 
sympathetic chain, with its third cervical ganglion, 
lies behind the artery. The vertebral artery is well 
protected against injuries after it enters the fora
men of the transverse process. It is, however, sensi
tive to mechanical strain, which is present to a 
higher 'degree at this point. 
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Figs. 18.2.1 and 18.2.2. Front (Fig. 1) and side (Fig. 2) 
view of the vertebral artery [2] 

Figs. 18.2.3 and 18.2.4. Looping of the vertebral artery 
on the cranial aspect of the atlas. Notice the topograph
ical relationship to the spinal nerve 

Both vertebral arteries curve forward at the lev
el of the atlas and join to form the basilar artery, 
which passes along the underside of the brain stem 
and supplies the circle of Willis, together with both 
carotid arteries. This is a unique communicating 
arterial system which easily compensates carotid 
occlusions by diversion of flow to undersupplied 
regions. In the same way, vertebral occlusions may 
be compensated by the carotid circulation. Wheth
er this intricately balanced arterial system will 
react properly when one of the four inflow arteries 
is occluded cannot be predicted in each individual 
case. For example, a thrombosis of both vertebral 
arteries may, on the one hand, lead to basilar ar
tery occlusion with brain stem infarction and 
death or may, on the other hand, remain unno
ticed. The manifestation of a neurologic deficit 
varies between these two extremes (Figs. 18.2.1-
18.2.4). 
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C. Indication for Reconstruction 

Vertebrobasilar insufficiency is much less common 
than carotid insufficiency and is clinically less re
markable [1]. Obscure neurologic symptoms such 
as vertigo or vaguely defined visual disorders can
not be exactly classified as symptoms of vascular 
disease since they can also occur in other neurolog
ic disorders. Degenerative lesions of the cervical 
spine lead most commonly to symptoms of verte
brobasilar insufficiency. Therefore, careful differ
ential diagnosis is absolutely essential for correct 
patient selection. Vascular reconstruction may be 
considered only after the full spectrum of differen
tial diagnosis has been covered. 

But this does not mean that the vertebro-basilar 
insufficiency syndrome can be neglected. The 
"subclavian steal syndrome" is easy to recognize, 
and its treatment is clearly defined. The assessment 
and treatment of isolated vertebral lesions is much 
more difficult [5]. 

One well-developed vertebral artery supplies 
enough blood to the basilar circulation. Therefore, 
vascular surgery is indicated only when there are 
lesions on both sides or a total occlusion on one 
side and a high grade stenosis on the other. Of 
course, the situation must be assessed differently 
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if collateral flow through the carotid arteries is 
insufficient. 

Most lesions are found at the origin of the ver
tebral artery. They are usually arteriosclerotic 
stenoses or, rarely, hemodynamically significant 
elongations with kinks. Along its course through 
the bony vertebral canal, osteoarthritic lesions 
may impinge on the vertebral artery and cause 
compression. At this location, access to the verte
bral artery is difficult. Therefore, bypass opera
tions to the atlantal loop are becoming more im
portant. 

Preoperative angiography is a mandatory diag
nostic procedure in lesions of the vertebral artery. 
The numerous anatomic variations and the com
plicated course of this artery justify this require
ment. Furthermore, computed tomography should 
be used for differential diagnosis, e.g., to exclude 
tumorous processes in the cerebellum or extensive 
infarct zones. 

Among the symptoms of vertebrobasilar insuf
ficiency are postural or rotatory vertigo, so-called 
drop attacks, that is, sudden unavoidable drops 
with or without short unconsciousness [9, 10], 
double vision, transitory paresis of ocular muscles, 
scotomas, and even blindness. Often, the neurolog
ic deficits are caused by head and neck movements. 

D. Positioning 

The patient should be in the same position as for 
a carotid operation. The head is turned away from 
the operating area and slightly reclined. It is im
portant to let the ipsilateral shoulder hang freely. 
This may be facilitated by putting a padded wedge 
between the shoulders. The arms are pulled down
ward and fixed close to the patient's body. In this 
position, adequate exposure of the vertebral artery 
by a supraclavicular approach is usually possible. 
The entire area of the thorax, including the ster
num and the side of the neck, should be prepared 
and disinfected. This is a precaution in case the 
incision has to be extended quickly. The incision 
may be lengthened in the direction of a median 
sternotomy or by dividing the clavicle (Fig. 
18.2.5a). 

The same position is necessary to expose the 
vertebral artery at the level of the atlantal loop 
[2]. The head must be shaved along a line extend
ing from the corner of the eye across the ear to 
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Fig. 18.2.5. a Exposure of the vertebral artery in the 
region of the atlantalloop may be achieved by an antero
lateral or anterior approach in the region of the atlantal 
loop. The anterior approach allows for simultaneous ex
posure of the carotid artery and gives a better visualiza
tion of the area. The anterolateral approach exposes the 
proximal carotid artery or the subclavian artery and the 
origin of the vertebral artery. b The supraclavicular ap
proach is recommended for the exposure of the vertebral 
artery at its origin and the anterior approach for visual
ization of the vertebral artery at its atlantal loop. c Su
praclavicular approach following division of the skin 
and sternocleidomastoid muscle. Notice the phrenic 
nerve running downward on the scalene muscle. After 
division of the anterior scalene muscle, the subclavian 
artery is visualized. The vertebral artery is exposed in 
its proximal portion 

the dorsal midline of the head. In this case, the 
entire side of the neck, including the supraclavicu
lar triangle, must be disinfected since this ap
proach must also provide access to the donor ar
teries (Fig. 18.2.Sb). 

E. Technique of Exposure 
(Supraclavicular Approach) 

The incision is started one fingerbreadth above the 
clavicle at the sternoclavicular joint and is ex
tended about 10-12 em laterally. The clavicular 
portion of the sternocleidomastoid muscle is di
vided. The veins crossing this area must be ligated. 
The muscle is transected at its clavicular origin. 
Blunt as well as sharp dissection of the subcutane
ous tissue and lymph nodes is performed until the 
anterior scalene muscle appears, lateral to the jug
ular vein. The brachial plexus, running just beside 
the anterior scalene muscle, must not be injured. 
The phrenic nerve lies at the anterior margin of 
the anterior scalene muscle or, rarely, on the mid
portion or lateral edge of this muscle. It is a very 
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fragile nerve which must be preserved at all costs. 
There may be two phrenic nerves (accessory 
phrenic nerve) on one side, but this is very rare. 
The thoracic duct must not be injured as the lymph 
nodes are dissected medially. If lymphatic secre
tion occurs, suture ligation of the leaking lymphat
ic vessels must be performed. An injured thoracic 
duct can be ligated without harm. This is recom
mended if there is doubt. A lymph fistula of the 
thoracic duct only rarely closes spontaneously. 
The jugular vein is mobilized laterally. An umbili
cal tape need not be put around it. If, however, 
tapes are necessary to retract the vein, one should 
be careful not to injure the thoracic duct entering 
at the venous angle or the vagus nerve running 
within the neurovascular sheath (Fig. I8.2.Sc). 
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The next step is to divide the anterior scalene 
muscle. The subclavian artery runs just beneath 
this muscle. The brachial plexus descends along
side it and must be carefully reflected when the 
muscle is divided. In anatomic anomalies such as 
a cervical rib, dissection is carried out in the same 
manner. The origin of the anterior scalene muscle 
is divided at the first rib. The subclavian artery 
can then be seen arching forward and, under it, 
the pleura, which must not be injured when pass
ing an umbilical tape around the artery. The thyro
cervical trunk and the costocervical trunk should 
be visualized. Hemorrhage within the operating 
area may lead to serious complications because 
of the limited view of all structures. Hemostasis 
may be difficult to achieve by clamping vessels. 
Tapes are passed around the subclavian artery, 
and the vessel is followed along its proximal por
tion. The origin of the vertebral artery may vary 
(see p. 13). The branching point of this artery may 
be exactly identified in the angiogram if the verte
bral artery arises directly from the aortic arch. It 
should be ligated proximally, divided, and reim
planted at a more favorable site. The thyrocervical 
trunk is especially suited for this purpose. The con
comitant vertebral vein, which often surrounds the 
artery in the form of a venous plexus, should be 
handled carefully since hemorrhage of this vessel 
is very difficult to control. The subclavian artery 
is adequately exposed proximal and distal to the 
origin of the vertebral artery. This provides 
enough space for applying arterial clamps on both 
sides. 

F. Intraoperative Diagnostic Procedures 

As with surgery of the carotid artery, intraopera
tive measurement of blood pressure and flow is 
also possible in the vertebral artery. These mea
surements, however, are not obligatory in this 
case. EEG registration does not provide any valu
able information during reconstructions of-the ver
tebral artery and is therefore not indicated. An 
intraluminal shunt is never needed. Such a maneu
ver would, moreover, be technically difficult. In 
rare cases of carotid occlusions on both sides with 
only one patent vertebral artery, insertion of an 
intraluminal shunt may be considered. The tech
nique of shunting is the same as described for the 
carotid artery (see p. 471). 

G. Reconstructive Techniques 

I. Endarterectomy of the Origin 
of the Vertebral Artery 
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After clamping the subclavian artery (as far proxi
mally as possible) and the vertebral artery, a stab 
incision is made at the origin of the vertebral artery 
and extended into the subclavian artery in the 
proximal direction and also into the vertebral ar
tery. An arteriosclerotic plaque can easily be dis
sected free with an elevator in the correct cleavage 
plane. An edge or flap is hardly ever left because 
the further course of the vertebral artery is almost 
always free of arteriosclerotic stenoses. Only rarely 
does an atheromatous plug extend further distally. 
However, should a shelf or flap remain, it is an
chored to the wall by sutures. A ring stripper 
should not be used; otherwise, intimal flaps or 
edges might develop at sites which cannot be 
reached for fixation. Dilatation of the peripheral 
portions of the artery with a balloon catheter 
seems inadvisable in view of the avoidable injury 
this would cause to the endothelium. 

If in addition the subclavian artery is narrowed 
at the vertebral origin, disobliteration or patch an
gioplasty is indicated. While disobliterating the 
vessel, care must be taken not to dissect in a plane 
that is too close to the adventitia. This may result 
in injury to the vascular wall with a resultant dis
section that continues distally or may even lead 
to rupture of the vessel. The subclavian artery is 
a very delicate vessel. The procedure is completed 
by suturing a venous or synthetic patch graft onto 
the arteriotomy. 

ll. Surgical Management of an Elongation 
of the Vertebral Artery 

Elongations of the proximal segment of the verte
bral artery may lead to kinks that affect blood 
flow. They are corrected according to the same 
principles as described for the carotid artery. The 
elongated vascular segment containing the kink is 
resected or shortened by an everting suture plica
tion of the back wall. In this way, one avoids per
forming the suture in flimsy, friable vascular tis
sue, which holds sutures poorly. The vascular wall 
gains firmness and stability by plication. If a fri
able vascular wall is directly sutured, it may exhibit 
significant leakage after blood flow is restored. 
Such a complication is difficult to control. Of 
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course, the everting suture plication of the back 
wall does lead to rigidity of the wall, with shelf 
formation; this narrows the lumen to some extent. 
The arteriotomy is closed with a patch graft. 

ID. Transposition of the Vertebral Artery 

If the vertebral artery arises further medially, e.g., 
from the aortic arch or the proximal portion of 
the subclavian artery, it is easier to transpose the 
vertebral artery to a larger vessel of the thyrocervi
cal trunk or directly to its main stem. The vertebral 
artery stump is closed with a transfixion ligature 
as far proximally as possible. The thyrocervical 
trunk is visualized. The inferior thyroid artery is 
exposed, ligated distally, and divided. The anterior 
wall of the stump of the thyroid artery is incised 
longitudinally, and the vertebral artery is then im
planted end-to-end in the usual fashion. Patch an
gioplasty of the anterior wall is performed in addi
tion. Any stenosis of the origin of the thyrocervical 
trunk must be corrected. 

IV. Bypass Methods for Stenosis or Elongation 

Vein bypass grafting may be the method of choice 
if very unfavorable conditions at the origin of the 
vertebral artery make other reconstructive proce
dures too difficult to perform [2]. The vein graft 
may be connected proximally to a segment of the 
subclavian artery or to the common carotid artery 
if better conditions are found in this vessel. Distal 
attachment is performed on the front or lateral 
side of the vertebral artery. This procedure must 
be individualized according to local conditions. 
Synthetic grafts should not be used since the cali
bers of the vessels are very small. 

V. Surgical Transposition of the Vertebral Artery 

To compensate elongations with kinks, NEUGE

BAUER [8] has recommended transection and ante
fixation of the thyrocervical trunk, with slight for
ward twisting of the subclavian artery and simulta
neous shifting of this vessel into a different posi
tion. The advantage of this method is that the ver
tebral artery is not traumatized. Kinking of the 
vertebral artery may be corrected by this method 
in a few cases. However, more extensive elonga
tions of the vessel cannot be compensated. Fur-
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thermore, a healthy undiseased vessel is transected 
during this procedure, and the subclavian artery 
is transposed from its anatomic position without 
compelling reasons for doing so. 

H. Closure of the Arteriotomy 

In exceptional cases, such as a transposition, an 
oblique end-to-end anastomosis may be per
formed. Patch graft angioplasty is always the 
method of choice in all other reconstructions. This 
creates a smooth and gradual transition from the 
subclavian artery to the vertebral artery. The su
ture technique must be meticulous for adaptation 
of the very delicate arterial walls, especially follow
ing disobliteration of the vertebral artery. Hemo
stasis is desirable. If hemostasis has not been 
achieved after completion of the suture, full blood 
flow from the subclavian artery should not be res
tored, as this could lead to tearing at the stitches. 
It is necessary to wait a few minutes after covering 
the suture line with a gelatin net, collagen pad, 
or hot gauze. If hemorrhage from small stitches 
continues, reclamping the vessel and applying fi
brin glue to the holes could be successful. 

Mter hemostasis is achieved at the anastomosis, 
the wound area is checked for insufficient lym
phatic vessels. Secreting lymph vessels are closed 
with sutures. Fibrin glue may also help to control 
lymph secretion and to avoid postoperative com
plications. Mter placing a Redon drain within the 
wound area, the sternocleidomastoid muscle is 
reattached to its origin. The wound is closed layer 
by layer. 

I. Special Considerations in Surgery 
of the Right Vertebral Artery 

Because of possible anatomic differences between 
the right and left side, the surgical approach and 
procedure must be adapted accordingly. Exposure 
of the right vertebral artery is easier, owing to 
the fact that the thoracic duct is missing and the 
takeoff of the vertebral artery lies farther distally. 
Exposure of the vertebral artery without division 
of the anterior scalene muscle is possible by a di
rect approach, lateral to the jugular vein. 
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Fig. 18.2.6. The orientation point for exposure of the 
vertebral artery at its atlantal loop is the atlantoaxial 
joint. It lies anterior and medial to the vertebral artery 
and the transverse process 

J. Exposure of the Vertebral Artery 
in Its Bony Canal 

A reconstructive procedure in this region is done 
in only a few patients in whom external compres
sion or narrowing of the vertebral artery within 
its bony canal is shown by angiography. Possible 
causes are osteoarthritic lesions or prolapse of por
tions of the vessel into the intervertebral space. 
Direct access to this region is achieved by an inci
sion made at the posterior border of the sternoclei
domastoid muscle. The accessory nerve is carefully 
preserved and the longus colli muscle dissected 
free. The transverse processes of the cervical verte
brae are exposed. The bony canal is opened over 
the affected segment, and the vertebral artery is 
dissected free . Usually, relief of compression by 
the bone restores blood flow completely. Some
times surgical shortening of the artery or patch 
angioplasty may be necessary. The entire proce
dure is technically difficult and should be per
formed in only the most carefully selected cases 
(Fig. 18.2.6). 

K. Reconstruction of the Distal 
Vertebral Artery 

Reconstruction of the distal portion of the verte
bral artery is indicated where there are obstructive 
lesions in the uppermost segment or multiple ste-
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noses in the lower and middle segments, or where 
the vertebral origin is inoperable. Furthermore, 
reinterventions to eliminate arteriovenous fistula 
along the course of the artery or damage to the 
artery at the level of the axis caused by whiplash 
injuries are also indications [2]. 

I. Anatomy 

The vertebral artery is accessible for surgical cor
rection in its atlantal loop portion alone. Before 
the two vertebral arteries join to form the basilar 
artery, they leave the bony canal on their way 
across the transverse process of the atlas to the 
great foramen. 

ll. Exposure 

Exposure of the distal portion of the vertebral ar
tery can be achieved by an anterolateral or anteri
or approach. If an anterolateral approach is cho
sen, the incision is extended dorsally with division 
of the sternocleidomastoid muscle at the mastoid 
process. This allows for exposure of the vertebral 
artery distal to the transverse process of the atlas 
and the lateral articulation between atlas and axis. 

In the anterior approach, the incision is length
ened anteriorly, passing in front of the ear. It may 
also be extended all the way to the base of the 
skull. Mobilization of the lower jaw facilitates ex
posure of the distal vertebral artery, anterior sur
face of the spine, and the portion of the internal 
carotid artery just beneath the base of the skull. 
The anterior approach to the distal vertebral ar
tery is more advisable. In both incisions, the great 
auricular nerve must be transected. The incisions 
also lie very close to the accessory nerve. 

The most prominent marker is the atlantoaxial 
articulation which lies in front of and medial to 
the vertebral artery and the transverse process [2]. 
The origins of the capitis longus muscle and the 
medial scalene muscle are divided at the transverse 
process of the first, second, and third cervical ver
tebrae. The upper cervical ganglion is dissected 
free laterally and retracted medially. The anterior 
branch of cervical nerve II is divided. This exposes 
the lateral corner of the atlantal loop and allows 
connection of the vein bypass to the distal portion 
of the vertebral artery without having to dissect 
too much tissue. This is important because expos
ing the medial corner of the vertebral artery at 
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this point can lead to dangerous complications. 
The dural sac lies very close to this site, covered 
by a large venous plexus. Damage to this plexus 
may lead to considerable blood loss. Hemostasis 
in this region is only possible by simple compres
sion and is therefore very risky. 

III. Resection of the Vertebral Artery 
and End-to-End Anastomosis 

Kinks in the distal portion of the vertebral artery 
can be resected. An end-to-end anastomosis of the 
stumps is then performed. This method may suf
fice to straighten a kink ; however, bypass grafting 
is usually necessary since mobilization of the artery 
in this area is difficult and the danger of hemor
rhage is great [2]. 

IV. Bypass to the Distal Vertebral Artery 

The anterior approach allows simultaneous expo
sure of the internal carotid artery from the carotid 
bifurcation nearly all the way up to the base of 
the skull. The external carotid or internal carotid 
artery may be used as inflow vessels for the bypass 
procedure, provided there is adequate flow within 
them. An autogenous vein should be used for 
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Fig. 18.2.7. a Vein bypass grafting from the common 
carotid artery to the atlantal loop in multiple stenoses 
along the course of the vertebral artery. b Bypass of 
an occluded internal carotid artery to the atlantal loop 
of the vertebral artery. c Vein bypass from the subclavian 
artery to the atlantalloop of the vertebral artery (modi
fied according to CARNEY [2]) 

grafting. In exceptional cases the vertebral artery 
itself may be employed for grafting if, after the 
opening of the bony canal, the artery has been 
mobilized proximally and divided in its midpor
tion. The extension of this procedure can lead to 
serious complications and should not be attempted 
without extensive knowledge of vertebral surgery. 
The vertebral artery itself may even serve as an 
inflow vessel for a vertebral-carotid bypass when 
the internal carotid artery is to be ligated just be
neath the base of the skull and blood flow to it 
must be restored. Such a maneuver may be consid
ered in tumorous lesions of the neck, inaccessible 
arteriovenous fistula, or in occlusions of the com
mon carotid artery. In such cases, it may happen 
that an external-internal bypass cannot be con
structed because the donating inflow artery, i.e., 
the external carotid artery, is occluded and the 
only possibility of reconstruction is an extra-ana
tomic bypass from the subclavian artery. There
fore, it should be borne in mind that a bypass 
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graft may be attached to the distal segment of the 
vertebral artery, provided the vascular surgeon has 
the necessary experience to perform this operation 
(Fig. 18.2.7a-c). 

v. Closure of the Incision 

The sternocleidomastoid muscle is reattached to 
the mastoid process. Care must be taken to ensure 
the vein graft has enough space for small move
ments and is not held back by any structures. If 
necessary, parts of the muscle may be resected, 
or its origin displaced. Redon drains are then put 
in position, and the wound is closed with subcuta
neous and skin sutures. 

L. Postoperative Complications 
(see also p. 1S7ff.) 

Reconstructions of the vertebral artery are diffi
cult. This is true not only for the proximal portion, 
but especially for the distal one as well. Surgical 
experience in this field helps to avoid complica
tions. 

I. Hemorrhage 

Bleeding after vertebral reconstruction does not 
usually occur from the anastomosis, but from ves
sels in the immediate vicinity or in the skin. Hem
orrhage from these sites is harmless. Wound revi
sion with adequate drainage brings the situation 
under control. However, bleeding from the recon
structed vascular segment is dangerous since ade
quate visualization during a repeat operation is 
very difficult to obtain. Therefore, it must be 
stressed again that the most important step in this 
operation is to construct a safe and secure anasto
mosis. It is better not to perform the procedure 
than to do it under unsatisfactory conditions. The 
particular delicacy of the vessels in this region can
not be emphasized enough. 

If the fatal situation of a disrupted vertebral 
anastomosis or a ruptured patch graft does occur, 
the incision must be extended on a large scale by 
median sternotomy or division of the clavicle as 
described earlier. This exposes the entire course 
of the artery in this region. A defect is repaired 
by reconstruction of the anastomosis or bypass 
grafting. . 
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Hemorrhage following reconstructions of the 
distal portion of the vertebral artery is usually 
caused by the venous plexus. This complication 
can be relieved only by compression and tampo
nade. Bleeding from the stitches or reconstructed 
arterial segment can be reliably stopped by apply
ing fibrin glue. The delicate vessels can rarely be 
reanastomosed. 

D. Lymph Fistula 

A lymph fistula is the most common postoperative 
complication, especially when the proximal por
tion of the left vertebral artery is exposed as a 
result of an injury to the thoracic duct that went 
unnoticed. Following vertebral reconstruction, 
there is a constant flow of lymph through the Re
don drain. Even if a great amount of lymph is 
thus discharged, it is advisable to wait for about 
3 days. Large lymph fistulas often close spontane
ously. If this does not happen, revision is indicat
ed. Pinpointing the severed lymphatic vessel may 
be difficult or impossible. Following suture liga
tion, the additional application of fibrin glue is 
recommended. 

ill. Nerve Injuries 

The nerve most commonly injured during opera
tions on the proximal portion of the vertebral ar
tery is the phrenic nerve. This nerve is not usually 
damaged by transection. Rather, compression, 
caused either by retraction or by passing tapes 
around the arteries, is most often to blame [1]. 
The nerve almost always recovers completely with
in 3-6 months after surgery. Complete division of 
the phrenic nerve can be compensated only if an 
accessory phrenic nerve is present. Transection 
does not lead to considerable impairment of respi
ratory function at rest. However, respiratory insuf
ficiency during exercise is always a result of paresis 
of the phrenic nerve. Neurosurgical reconstruction 
of this nerve has only a small chance of success. 

The brachial plexus is also in danger of being 
injured during proximal exposure of the vertebral 
artery. Pulling the plexus causes reversible impair
ment, but sensory disorders may continue for a 
long period of time. Pain is often experienced. If 
the brachial plexus is divided, immediate recon
struction must be carried out by an experienced 
surgeon. It is important that no time be lost. 
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Mter vertebral reconstructions Homer's syn
drome is sometimes observed, owing to intraoper
ative injury of cervical ganglion III of the sympa
thetic chain. Recovery is usually complete. In 1 %, 
Homer's syndrome remains. Therefore, one 
should inform the patient preoperatively about 
this possible complication. 

A severe complication is transection of the ac
cessory nerve during exposure of the distal portion 
of the vertebral artery. Immediate neurosurgical 
reconstruction must be initiated. The sequelae can 
be so serious that they may lead to total work 
disability. Transection of sensory nerves such as 
the great auricular nerve is unimportant. However, 
the patient should be informed preoperatively 
about sensory impairment resulting from such 
nerve injury. Damage to the first cervical ganglion 
of the sympathetic chain does not usually lead to 
defects of any kind. 

IV. Infection 

An infection following vertebral reconstruction is 
rare and is limited to the subcutaneous tissue. We 
have never observed an infection that extended 
to the anastomosis. The main danger of infection 
is possible hemorrhage. Treatment follows the bas
ic principles mentioned earlier. We have never ob
served a secondary infection within the area of 
a reconstructed vertebral artery that required sur
gical reintervention. We have never found reports 
of such a complication in the literature. 

V. Cerebral Deficit 

An acute occlusion of the vertebral artery, e.g., 
during a whiplash injury, may lead to serious neu
rologic defects with tetraplegia, cerebral coma, and 
brain death in the young patient. In contrast, post
operative occlusion of an arteriosclerotic vertebral 
artery does not at first lead to neurologic impair
ment. The preoperative symptoms that necessitat
ed surgery recur during exercise. The extent of neu
rologic complications depends on collateral blood 
flow. If blood flow through the internal carotid 
artery is impaired on both sides, and the vertebral 
artery represents the most important cerebral ves
sel in such a situation, postoperative occlusion 
will, of course, lead to serious defects. We did not 
experience such a complication. In over 160 opera
tions on the vertebral artery, only 1 patient died 
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after reconstruction. Postmortem examination of 
the patient showed a glioma of the brain stem 
which had not been diagnosed [1]. We did not 
observe a postoperative CV A or embolism. 

M. Reintervention 

Surgical reintervention at the origin of the verte
bral artery is not only technically very difficult, 
but also extremely risky. Reintervention in this 
area cannot be recommended. In reocclusions, by
pass grafting is preferable. For example, a bypass 
from the carotid artery to the distal segment of 
the vertebral artery may be an alternative. Extra
intracranial bypass may be considered if the pa
tient presents with severe neurologic impairment. 

However, an anastomotic aneurysm must be 
corrected at all costs. The proximal and distal 
stump of the subclavian artery are adequately ex
posed. The aneurysmal portion of the vessel is to
tally resected and replaced with a synthetic pros
thesis. Relief of an impending rupture of the sub
clavian artery has priority over revascularization 
of the vertebral artery. In such a case, bypass graft
ing may be performed in a second operation since 
no suitable vascular stump is usually available for 
reconstruction. 
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A. Introduction 

Thanks to the development of microsurgical tech
niques and their use in neurosurgery [30], C.M. 
FISCHER'S idea (1951) of successfully bypassing an 
occluded cervical artery has become a reality. This 
operation, the extra-intracranial arterial bypass 
operation (also called extra-intracranial anasto
mosis, abbreviated here as EIAB) has gained in
creasing popularity in the last few years, following 
the first operation by Y ASARGIL in 1967. The pa
tency rates of extra-intracranial anastomosis are 
approximately 95%. The extracranial donor ar
tery, initially having a flow of only about 20 mIl 
min may be significantly dilated postoperatively 
and provide a flow of more than 150 ml/min into 
the intracranial vascular system. 

B. Indications for Extra-intracranial 
Bypass Operations (EIAB) 

There are two large groups of indications for 
EIAB: on the one hand a sort of prophylactic indi
cation when occlusions of the internal carotid ar
tery are required therapeutically in cases of giant 
aneurysms at the base of the skull and carotid 
cavernosus sinus fistulas, or in cases of tumors 
constricting the middle cerebral artery [26]. The 
sequence of the various therapeutic measures is 
not discussed in detail here. 

Also included previously in the group of pa
tients with "prophylactic indication" were all 
those in whom an EIAB was performed to reduce 
the risk of recurrent stroke following an ischemic 
attack or the risk of a stroke following a series 
of transient ischemic attacks [19, 31]. On the basis 
of worldwide neurosurgical experience, EIAB usu
ally seemed to be indicated in cases of angiographi
cally proven occlusions and stenoses of supra-aor
tic arteries that were no longer accessible to vascu
lar surgery (Fig. 18.3.1). 



18.3 Extra-intracranial Anastomoses 

Fig. IS.3.1. Neurosurgical region of cerebral revasculari
zation located above the borderline of the vascular area, 
between the mastoidal and the mandibular angle 

On the basis of this very general indication, 
the data show that in large series, patients with 
occlusion of the internal carotid artery constitute 
about 40%, those with stenoses (mostly of the si
phon), 20%. The remainder consists of patients 
with stenoses or occlusions of the middle cerebral 
artery as well as mUltiple vascular stenoses or oc
clusions [18]. 

A special group is comprised of patients with 
symptoms of impaired circulation in the vertebro
basilar vascular system. Patients whose neurologic 
symptoms cannot be attributed to angiographi
cally proven stenoses or occlusions are considered 
to be candidates for EIAB only when the symp
toms can be attributed to a (mostly interhem
ispheric, more seldom retinal) "steal phenome
non" [13, 17]. 

EIAB is mainly considered as a prophylactic 
measure, analogous to vascular indications for re
vascularizations of the supra-aortic arteries. 
Therefore, the most favorable candidates for 
EIAB are those who have suffered only transient 
ischemic attacks or perhaps a mild ischemic stroke 
with a definite risk of recurrence. Thus, patients 
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who had suffered a mild stroke as a result of an 
occlusion of the internal carotid artery were con
sidered to be good candidates for EIAB whenever 
the combined risk of mortality and morbidity fol
lowing cerebral angiography and operation in the 
hands of a particular surgeon was less than the 
risk of an ischemic stroke following conservative 
therapy or during the spontaneous course, i.e., less 
than 4%. 

However, in the meantime, an international co
operative study [6] has shown that, considering 
a combined operative mortality and stroke mor
bidity of 3.1 %, EIAB in the anterior circulation 
offers no significant improvement as regards risk 
of stroke when compared with a simple medication 
containing platelet aggregation inhibitors. Natu
rally, this statement is valid only for the group 
of patients who were included in the study on the 
basis of comprehensive criteria. The object of cur
rent investigations is to determine how, in cases 
of ischemic disturbances of the cerebral functions, 
the selection of patients for prophylactic surgery 
can be made with greater certainty and with more 
clearly defined limitations than is the case in the 
cooperative study. Ischemia of the posterior circu
lation as an indication for prophylactic surgery is 
not included in the delimitation since it was not 
dealt with in the study. 

The second group of indications is based on 
the clinically attested fact that in some patients 
postoperative neurologic deficits disappear. The 
therapeutic value of EIAB, however, is difficult 
to judge preoperatively in an individual patient 
because there are no reliable criteria to determine 
the viability and functional capacity of brain tis
sue. Therefore, one should be cautious regarding 
an exclusively therapeutic indication for EIAB. 
This is why, in patients with severe ischemic 
stroke, EIAB is indicated only in exceptional cases. 
One exception is ischemic ophthalmopathy, 
especially in the form of ischemic retinopathy, 
when it is not yet so far advanced that the loss 
of vision is irreversible. 

C. Preoperative Diagnosis 

Special preoperative diagnostic measures include 
cranial computed tomography as a noninvasive in
vestigation following the clinical examination 
(especially for exclusion of an active cardiac source 



490 

of emboli). This is absolutely essential for obtain
ing the following information: 

- Localization and extent of the ischemic injury 
to cerebral tissue 

- Stage of recovery and scarring of the infarction 
- Differential diagnosis of the acute neurologic 

deficit: 
Hemorrhagic stroke 
Hemorrhagic infarction 
Brain tumor 
Intracranial extra- and intracerebral bleeding 

Cerebral panangiography (at least three-vessel an
giography, usually by the Seldinger technique) is 
required to visualize the following vascular find
ings: 

- Occlusions and stenoses of extra- and intracra-
nial vessels 

- Extent of formation of collaterals 

Repeat angiography should be performed prior to 
the operation where there is suspicion of a stenosis 
or an occlusion that may resolve spontaneously, 
as indicated by angiography or by Doppler ultra
sonography, or where the interval between angiog
raphy and the operation is more than 6 weeks. 

Even after the international study [6], the as
sumed advantage of EIAB is improvement of the 
functional reserve capacity of cerebral circulation. 
Therefore, it is mandatory to identify this parame
ter better than is possible by angiography. Addi
tional investigations of the cerebral blood flow us
ing the 133 Xe inhalation method or I-amphet
amine single-photon emission tomography are rec
ommended. For the investigation of brain metabo
lism, positron emission tomography may be used. 
Unfortunately, none of these methods is yet in rou
tine use owing to a lack of apparatus and person
nel; they are restricted to a few centers. Another 
less expensive method for determining the func
tional reserve capacity of the cerebral circulation 
is transcranial Doppler ultrasonography with a 
CO2 load. Using these investigative techniques, it 
should be possible to improve selection of patients 
who may benefit from EIAB. 

D. Anesthesia 

Anesthesia for EIAB has to take account of the 
increased cardiovascular risk. Spiral tube, central
venous, and arterial catheters are routine. In con-
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trast to the common technique of anesthesia in 
neurosurgery, the aim of which is to reduce intra
cranial volume and pressure, normal ventilation 
- even hypoventilation - is attempted during EIAB 
in order to achieve vascular dilation and conse
quently increased cerebral blood flow. The intra
cranial volume should not be reduced too much; 
otherwise the brain may recede and make it more 
difficult to perform the anastomosis. 

Exceptions are anastomoses in the posterior 
cranial fossa, where revascularization of the ros
tral segments of the basilar artery is performed 
by a subtemporal approach. For this operation, 
retraction of the temporal lobe is required, which 
is better tolerated by the dehydrated brain. 

Neuroleptic analgesia is most beneficial. In 
some hospitals, barbiturates and steroids are ad
ministered intraoperatively to improve cerebral 
ischemic tolerance. 

E. Microsurgical Anastomoses 

The usual anastomosis when performing EIAB is 
a microsurgical end-to-side anastomosis, joining 
the extracranial artery to the cortical artery at dif
ferent angles. 

As end-to-side anastomoses are described in de
tail in the chapter on microsurgical anastomoses 
(see p. 92), only a few of their peculiarities are 
mentioned here. 

I. Preparation of the Arteries to Be Anastomosed 

When performing an end-to-side anastomosis as 
part of EIAB, one faces the problem of having 
to join two arteries of different caliber and wall 
structure. One must be careful that the cortical 
artery with its weak wall is not twisted or kinked 
by the rigid extracranial donor artery. Therefore, 
special care must be taken to place the arteries 
so that they may be anastomosed without diffi
culty. 

For the anastomosis, the adventitia of the ex
tracranial artery must be dissected off until it no 
longer impairs the suture and cannot be dragged 
into the anastomosis (Fig. 18.3.2a). The cortical 
arteries have no adventitia. However, care must 
be taken for the same reason to make the incision 
in the arachnoidea sufficiently long and to dissect 
it off the cortical artery. Additionally, the fibers 
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Fig. 18.3.2a-j. Preparation of both arteries involved in 
the end-to-side anastomosis between the superficial tem
poral artery and the cortical branch of the middle cere
bral artery. a Preparation of the stump of the temporal 
artery: dissecting off the adventitia over a distance of 
2- 3 mm. b Enlargement of the diameter of the anasto
mosis by beveling the stump of the temporal artery. 
Note : dissection of the intima. c, d Enlargement of the 
diameter of the anastomosis by a fishmouth incision or 
a dichotomous bifurcation of the temporal artery (cf. 
15). e Placement of microvascular clips on the cortical 
artery as well as another clip on the perforating 
branches. f For opening the cortical artery, the vessel 
is grasped, slightly drawn up, and incised longitudinally 
with a diamond knife, to provide a sufficiently long slit
like opening, g or opened with microscissors, b achieving 
an elliptical opening. Suture technique: either stepwise 
placement of interrupted sutures, or i placement of sever
al sutures which are tied afterward. j Result using tech
nique of Fig. 18.3.2 b 

of the arachnoidea must be dissected off the corti
cal artery until it is mobilized over a distance of 
a few millimeters. 

Both arteries to be anastomosed show a ten
dency to dilate if the bypass functions well. First 
of all, therefore, the diameter of the anastomosis 
must be tailored appropriately. Various techniques 
have been described. Probably the most commonly 
used technique is to bevel the end of the extracra
nial donor artery (Fig. 18.3.2b). This presumes, 
however, that the rather rigid donor artery is easily 
placed in such a manner that, following comple
tion of the anastomosis, the end points proximally. 
Otherwise, significant turbulence may occur at the 
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anastomosis, with the risk of increased formation 
of myointimal hyperplasia. 

Other techniques for extending the anastomotic 
diameter are the fishmouth technique 
(Fig. 18.3.2c) and, occasionally possible, the anas
tomosis of a dichotomous bifurcation of the ex
tracranial donor artery to the cortical artery 
(Fig. 18.3.2d). 

The cortical arteries, especially those close to 
the origin of the Sylvian fissure have many perfor
ating branches which should be preserved because 
a great proportion serve as end arteries. When 
planning to perform the anastomosis precisely in 
that region of the cortical artery where several 
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branches originate, one should try to place a nar
row temporary clip on these branches - this in 
addition to the two microvascular clips that oc
clude the cortical artery over a distance of 3-5 mm 
- in order to avoid increased bleeding in the opera
tive field (Fig. 18.3.2e). 

The incision of the cortical artery (Fig. 18.3.2f-
h) is one of the most difficult steps in the proce
dure, and at the same time one of the most impor
tant factors affecting the quality of the anastomo
sis. Especially in cases of thin cortical arteries a 
simple, straight longitudinal incision is indicated 
in order to avoid a stenosing of the recipient artery 
by the anastomosis. For this purpose, a diamond 
knife is very suitable. However, it may be some
what difficult to separate the anterior from the 
posterior wall of the donor artery, as they are 
closely attached. In order to avoid this problem, 
it has been recommended that one makes an ellip
tical opening in the cortical artery [21]. The length 
of the incision depends on the diameter of the ex
tracranial artery and should measure approxi
mately 1.5 times the diameter. When the stump 
of the donor artery is markedly beveled, a greater 
factor may be chosen. 

ll. Suture Technique 

Usually, end-to-side anastomoses are performed 
using interrupted sutures in order to : 

- Exclude the risk of continuous suture rupture 
with catastrophic sequelae. 

- Avoid a "purse string effect" which may occur 
after the suture is tightened and knotted. 

- Avoid the risk of a delayed purse string effect. 
The anastomosed extracranial artery tends to 
dilate when bypass function is good, thereby 
causing a stenosis at the anastomosis. 

When suturing, the needle must be placed so that 
any intima dissected off the media of the temporal 
artery (see Fig. 18.3.2b) is refixed by the suture. 
Otherwise, thrombogenic pouches in the vessel 
wall may occur. In order to achieve a better view 
of both vessel walls, the stitches may initially be 
placed along a greater segment of the circumfer
ence before being knotted (Fig. 18.3.2i, k). 

Usually, the posterior wall of the anastomosis 
is sutured first. However, it may be useful to suture 
the anterior wall first, or at least that part which 
is close to the corner. This will provide sufficient 
stability of the anastomosis before the posterior 
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Fig. 18.3.3a--c. Continuous suture of the end-to-side 
anastomosis. a Placement of the corner sutures. b Suture 
of the posterior wall, starting from a new corner suture 
(arrow). c Suture of the posterior wall, also starting from 
a new corner suture (arrow), completion of the suture 
of the anterior wall by a corner suture which is indepen
dent of the distal corner suture (arrow) 

wall is sutured. This is especially important when 
the cortical artery must be twisted before the pos
terior wall can be sutured (in cases where the tem
poral artery is just long enough). 

The number of interrupted sutures largely de
pends on the caliber of the arteries; usually 15-20 
sutures are sufficient. In our experience, the arteri
al clip on the cortical artery must be in place for 
15-25 min before such a conventional anastomosis 
is completed. This time is well tolerated by the 
brain because of good collateral circulation. Using 
fewer sutures may shorten the clamping time, and 
therefore the time during which the affected por
tion of the vascular system is undersupplied. How
ever, it may also increase the risk of anastomotic 
aneurysms and thrombus formation at the site of 
the anastomosis. 

Various methods have been described (Fig. 
18.3.3a-c) for avoiding the purse string effect of 
the almost completely continuous suture [18, 22]. 
Essentially, these techniques involve a combina
tion of a continuous and an interrupted suture. 
According to the authors in question, clamping 
time is reduced by one half. 

Ill. Fibrin Seal of the Anastomosis 

Likewise with a view toward saving time and re
ducing clamping time by 50%, a variation of the 
anastomotic technique has been developed which 
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Fig. 18.3.4 a, b. End-to-side anastomosis with fibrin glue. 
a Placement of at least four sutures (two corner sutures 
as well as at least one suture in each wall). b Adaptation 
of the vascular edges in the interspaces between the su
tures, and application of fibrin glue 

makes use of fibrin sealant [15,16]. With this tech
nique, corner sutures and two to four additional 
interrupted sutures are placed in the circumfer
ence. Then, fibrin glue is applied in the interspaces 
(Fig. 18.3.4). With this technique, of course, one 
must adapt the edges of the arteries to one another 
with great care, using a microforceps. This is done 
to prevent development of anastomotic aneurysms 
that may result in fatal intracranial bleeding. 

IV. Laser Seal of the Anastomosis 

The anastomosis of arteries by laser technique is 
currently in its developmental stage and so far has 
been applied only in the end-to-end anastomosis. 
Perhaps this technique will be developed further 
and become a useful part of the microsurgical rep
ertoire. 

One thing seems certain: improvements in the 
lasers are needed in order to achieve the tempera
ture required for fusing the arterial edges over a 
sufficient distance. 
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F. Operative Technique of Revascularization 
of Cerebral Hemispheres -
EIAB from the Superficial Temporal 
Artery to the Cortical Branch 
of the Middle Cerebral Artery 

The most commonly used extra-intracranial anas
tomosis is that between the superficial temporal 
artery to the cortical branch of the middle cerebral 
artery. This operation may be performed under 
acetylsalicylic acid to increase the protection from 
thrombosis. However, especially meticulous he
mostasis in all layers is required, usually by bipolar 
coagulation. 

I. Conventional Technique 

The head is placed in a doughnut or a head holder 
to get the temporal area in a horizontal position. 
Usually the patient is in an oblique position, ex
cept when turning the head may cause stenosis 
of elongated arteries of the neck. In such cases, 
the trunk should also be positioned on the side. 

Following the usual preparation, a curvilinear 
incision is made over the ear (Fig. 18.3.5) starting 
at the temporal hairline, having its vertex at the 
cross-section of the angiographically distinguish
able posterior branch of the temporal artery, and 
terminating 1-2 fingerbreadths behind the ear [19]. 
The base runs just over the ear. Creating such a 
flap achieves: 

- A sufficiently long segment of the posterior 
branch of the temporal artery, which is especial
ly suitable for anastomosis. 

Fig. 18.3.5. Conventional incision for EIAB to expose 
the carotid circulation, as viewed by the surgeon: broad
based skin flap with the vertex over the temporal artery 
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- Localization of the anastomosis in an area in 
which the cortical artery is usually large enough 
[6]. 

- A sufficient basis and therefore an adequate 
blood supply to the scalp flap, which is depleted 
of its main supply. The risk of ischemic distur
bances of wound healing is minimized. 

Conventional hemostasis of the skin incision by 
means of clamps and other instruments is supple
mented with bipolar coagulation of the distal end 
of the temporal artery. 

When the scalp flap is turned down 
(Fig. 18.3.6a), the pulse of the temporal artery can 
be palpated or outlined using a Doppler ultrasono
graphic probe. The temporal muscle is incised 
along the muscle fibers. The incision is enlarged 
in aT-shaped fashion, slitting the muscle about 
1 cm away from the muscle-periost border, parallel 
to the skin incision. This step facilitates closure 
later on. Both muscle flaps are dissected off the 
temporal bone, fixed with stay sutures, and re
flected (Fig. 18.3.6b). 

With a spatula held so as to protect the skin 
flap, which contains the artery, a bur hole is made 
in the area toward the base of the skull; proceeding 
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Fig. 18.3.6a, b. Operative field following reflection of 
the skin flap. a The temporal muscle is incised, directing 
the middle incision toward the temporal artery. b Re
flecting and fixing the temporal muscle 

from this bur hole, a bone plate 3 cm in diameter 
is cut out (Fig. 18.3.7). Then, three small holes 
are drilled for the stay sutures that will later hold 
the bone plate in place. Mterward strips of hemo
styptics are placed between the dura and the bone, 
followed by a crisscross incision of the dura and 
placement of stay sutures (Fig. 18.3.8). 

Fig. 18.3.7. Craniectomy: a bur hole is made at a site 
close to the bases of the skull and a craniectomy is per
formed using a high speed drill; position of the twist-drill 
holes for the sutures that will stabilize the bone plate 
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:':i~. 18.3.8. Crisscross incision of the dura, followed by 
liftmg and stay-suturing the flaps after strips soaked with 
fibrin foam have been placed beneath the bone and the 
area of craniectomy surrounded by cotton pledgets 

Now, the microscope is used. A cortical artery 
of sufficient caliber, i.e., at least 1 mm diameter 
is identified, examined to disclose eventual arte~ 
rio sclerotic plaques, and the branches covered with 
a papaverine-soaked cotton pledget. The arachnoi
dea should not yet be opened, so as not to provoke 
loss of cerebrospinal fluid, causing the surface of 
the brain (especially in patients with enlargements 
of the inner and outer subarachnoid space) to fall 
below the initial level. 

The dissection of the temporal artery 
(Fig. 18.3.9) is performed most easily by starting 
close to the reflection of the skin flap because there 

~ig. 18.3.9a-d. Dissection of the temporal artery. a Inci
sIOn of the temporal fascia, followed by b mobilization 
~f t~e temporal artery from the fatty tissue. c Double 
ligatIOn of a large branch which is finally divided. d 
The temporal artery is dissected sufficiently far to the 
periphery and clipped at its distal end 

a 
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the artery is most often palpated. The fascia above 
the artery has to be divided for mobilization be
cause the artery is attached between both sheets 
of the temporal fascia or between the temporal 
fascia and the parietotemporal and epicranial mus
cles. When the fascia has been incised over a suffi
cient distance, the temporal artery may be mobi
lized completely step by step. Often this may be 
difficult, owing to significant adhesions with the 
fascia and/or extensive coiling of the artery. In 
most cases, the tributaries arise at the convex side 
of the loops and are coagulated at a safe distance 
from the main trunk by bipolar coagulation. When 
the branches are too large to be coagulated with
out thermal injury to the temporal artery, they 
are divided following double ligature with 8-0 su
ture material (Fig. 18.3.9c). 

Some authors recommend ligation of the anteri
or branch of the temporal artery with the aim of 
bypassing the total blood volume from the tempo
ral artery into the intracranial vascular system. 
However, this should not be attempted because 
the anastomosed branch of the temporal artery 
will enlarge quite well even if the other branch 
is still contributing to the collateral blood supply. 
Furthermore, natural collaterals via the ophthal
mic artery would be interrupted, and, of course, 
later anastomosis (additional or as replacement) 
would no longer be possible. 

When the mobilization of the artery is com
plete, it is ligated distally with a microclip and 
divided peripherally (Fig. 18.3.9d). A short distal 
end of the temporal artery should remain pro
tected by the fascia and be coagulated. This tech
nique provides faultless closure of the wound. Fur-

b c d 
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Fig. 18.3.10. Preparation of the temporal artery for the 
anastomosis: relocation of the clip from a peripheral 
to a central position and flushing the artery with hepa
rinized solution. Mterwards, dissection of the adventitia 
for the last few millimeters and beveling of the stump 

Fig. 18.3.11 a, b. Protection of the brain surface by rub
ber strips and cotton pledgets and preparation of the 
cortical artery for the anastomosis. a Dissection of the 
arachnoidea over a distance of a few millimeters. b Place
ment Of microclips (see also Fig. 18.3.2d) 
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thennore, necrosis of the wound margin along the 
fonner course of the temporal artery is avoided. 

The temporal artery is now prepared for the 
anastomosis itself (Fig. 18.3.10). When judging the 
length of the superficial temporal artery, it should 
be borne in mind that, on the one hand, a short 
superficial temporal artery has a lower flow resis
tance than a longer one, which is also more likely 
to develop a kink, but that, on the other hand, 
a long superficial temporal artery is more easily 
anastomosed because it can be rotated more easily 
for suture of the posterior wall, especially when 
the surface of the brain has given way, owing to 
loss of cerebrospinal fluid. 

Following determination of the length of the 
superficial temporal artery, the adventitia is dis
sected off the last few millimeters, and the stump 
is beveled as described above (Sect. E.!.). The clip 
initially placed on the distal end is now reposi
tioned proximally. Finally, the lumen of the artery 
is cannulated with a blunt cannula and flushed 
with heparinized solution to remove as many 
thrombi as possible. 

In order to facilitate the anastomosis, the cere
bral surface is covered with a cotton pledget and 
the area close to the anastomosis is covered with 
strips tailored from rubber gloves (Fig. 18.3.11 a). 
This protects the cerebral surface from mechanical 
injury and also makes it easier to manipulate nee
dle and suture. 

When the cortical artery has been prepared for 
the anastomosis (following incision of the arach
noidea and mobilization over a sufficient length), 
the temporary microclips, exerting an occlusion 
pressure of 15-20 g, are placed. In order to achieve 
complete filling of the cortical artery, the distal 
microclip is placed before the proximal microclip 
(Fig. 18.3.11b). 

Once the anastomosis has been completed as 
described in Sect. E.II (Fig. 18.3.12), the clips on 
the cortical artery are removed in the sequence 
in which they were placed. The anastomosis is 
functioning well when: 

- The cortical artery is free of stenosis 
- The temporal artery is filled immediately in a 

retrograde direction 
- No major bleeding occurs at the anastomosis 

If one of these criteria is not fulfilled, the anasto
mosis should be inspected, including inspection 
from inside, to prevent reocclusion or rebleeding. 
Depending on the situation, the anastomosis may 
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Fig. 18.3.12. Completed anastomosis. Operative field 
and Doppler ultrasonography of the temporal artery to 
judge the function of the anastomosis (the numbers rep
resent the recommended sequence of investigation by 
the Doppler probe) 

Fig. 18.3.13. Covering the anastomosis with fibrin foam 
and loose closure of the dura 

have to be revised immediately or a suture in
serted. 

If the anastomosis has been performed correct
ly, the remaining micro clip occluding the temporal 
artery can be removed and anastomosis function 
demonstrated by Doppler ultrasonography 
(Fig. 18.3.12). With the use of Doppler micro
probes, it is now possible to investigate the small 
cortical arteries separately to determine the precise 
intracranial distribution of the blood flowing 
through the anastomosis as well as turbulence in 
the anastomosis, etc. [8]. 

If the anastomosis is patent, it is covered with 
fibrin foam and soaked with moxaverine to avoid 
local vasospasm (Fig. 18.3.13). 
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Fig. 18.3.14. Closure of the wound layer by layer: fitting 
in the bone plate, part of which has been removed in 
order to provide an opening for the temporal artery and 
enough room for the anastomosis. Adaptation of the 
muscle, leaving a slot for the passage of the temporal 
artery 

Afterwards the wound is closed layer by layer 
(Fig. 18.3.14): the dura is closed as far as the loca
tion of the anastomosis allows, and the bone plate 
is inserted and fastened with sutures. Prior to this, 
the plate has been slotted to avoid the risk of oc
clusion of the temporal artery by compression. 

The muscle wound is then closed. Here, an 
opening must be left so that the artery passes 
through the fascial without kinking or stenosis. 

Following placement of a Hemovac drain and 
control of hemostasis at the anastomosis, the skin 
flap is turned back, care being taken to insure that 
the temporal artery passes without kinking. Percu
taneous Doppler ultrasonography allows one to 
check for correct function of the anastomosis [8, 
10). 

n. Variant I: Incision Over the Temporal Artery 
(Fig. 18.3.15) 

The previously used incisions, creating a skin flap 
with a narrow base, often caused ischemic distur
bances of wound healing. Therefore, another oper
ative technique has been developed and described 
[21]. The incision is made directly over the tempo
ral artery - detected percutaneously by Doppler 
ultrasonography - or in its immediate vicinity 
(Fig. 18.3.15a). 

Special care must be taken not to injure the 
temporal artery while dissecting (Fig. 18.3.15b). 
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Fig. 18.3.15a~. Variant I of EIAB: incision over the 
temporal artery. a Line of incision as seen by the sur
geon, with reference to the course of the temporal artery. 
b Dissection of the temporal artery from the temporal 
fascia. c Situation following ligation of the temporal ar
tery, incision of the temporal muscle and craniotomy 

Without being ligated distally, the artery is 
wrapped in a moxa verine-soaked cotton pledget 
following sufficient mobilization and is retracted, 
allowing incision and retraction of the temporal 
muscle. Self-retaining retractors or fishhooks al
low one to retract the skin, the temporal artery, 
and the muscle while craniectomy is performed. 
Following incision of the dura, a cortical artery 
is identified to serve as the recipient artery. When 
it has been chosen, the temporal artery is clamped 
at its distal end and the distal stump ligated or 
coagulated with bipolar coagulation (Fig. 
18.3.15c). Afterwards, the anastomosis is carried 
out as previously described. 

The closure of the wound is done in the usual 
fashion. Here, too, care must be taken to provide 
an adequate slot for the passage of the temporal 
artery through the muscle and the skull. 
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ill. Variant II: Anastomosis Close to the 
Main Stem of the Middle Cerebral Artery 
(Fig. 18.3.16) 

The conventional EIAB causes "unphysiologic" 
circulatory conditions in the recipient artery, be
cause in this case the direction of blood flow is 
the reverse of normal until the middle cerebral ar
tery divides into its branches. Beyond this point, 
blood from the remaining cortical arteries will flow 
in the anterograde direction. In order to avoid pos
sible disadvantages for the function of EIAB, an 
end-to-side anastomosis may be constructed close 
to, or on, the main stem of the middle cerebral 
artery. In this case, it is necessary to dissect the 
temporal artery over a longer distance than usual 
and, following temporofrontal or pterional cranio
tomy, to open the lateral sulcus of the cerebrum 
(Fig. 18.3.16a) far enough to provide access to the 
major branch of the middle cerebral artery. Self
retaining retractors are required to retract the 
frontal (and temporal) lobes. Furthermore, be
cause of the depth of the anastomosis, the instru
ments used must be longer than usual 
(Fig. 18.3.16b, c). 
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Fig. 18.3.16a-c. Variant II of EIAB : anastomosis close 
to the major branch of the middle cerebral artery. 
a Incision for pterional craniotomy, preserving the ante
rior branch of the temporal artery. b Anastomosis deep 
in the lateral sulcus of the cerebrum. c Completed anas
tomosis 

IV. Variant ill: Other Donor Arteries 
(Fig. 18.3.17) 

Occasionally the posterior branch of the temporal 
artery will not be large enough to serve as donor 
artery for EIAB. In this case one has to consider 
the extent to which the use of the anterior branch 
would interrupt natural, preformed collaterals; or, 
one may consider using the occipital artery as a 
donor artery [24] . The latter may be used as the 
extracranial artery for EIAB if it is of sufficient 
caliber distal to the protuberantia occipitalis exter
na over a distance of 10 cm. The artery must be 
exposed through a parieto-occipital skin flap and 
anastomosed to a cortical artery in the angularis 
region. 

For exposure of the anterior branch of the tem
poral artery the incision is either extended toward 
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Fig. 18.3.17 a-d. Variant III of ElAB: alternative donor 
arteries. a Incision using the anterior branch of the tem
poral artery. b Incision and area of craniotomy using 
the occipital artery; EIAB for the carotid circulation 
with anastomosis between occipital artery and angularis 
artery. c EIAB using the middle meningeal artery as 
extracranial donor artery. d Dissecting the meningeal 
artery and vein off the dura 
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the forehead or made over the artery, which is 
often located in the forehead and temporal area 
and is therefore cosmetically unfavorable (Fig. 
18.3.17a). 

The technique for dissecting the occipital artery 
(Fig. 18.3.17b) is essentially the same as for the 
temporal artery. However, dissecting the artery off 
the fascia may be more difficult as the fascia in 
this area is significantly firmer. The pulse of the 
occipital artery is rarely palpated at the duplica
tion of the skin flap owing to the tightness of the 
fascia. Therefore, dissection usually starts at a site 
where the artery (or its major branch) crosses the 
skin incision. Dissection is continued, following 
the artery proximally, in which direction its caliber 
increases significantly. For supratentorial revascu
larization, the artery is mobilized only as far as 
the external occipital protuberance. 

In the region of the angularis artery, one should 
not expect to find a sufficiently large cortical ar
tery within the - usually small - craniotomy. 
Therefore, it is advisable to excise a bone plate 
almost the size of the palm of the hand in order 
to insure a sufficient selection of cortical arteries. 

Occasionally, a retroauricular artery is found 
in the temporoparietal region behind the ear in
stead of the temporal artery. The dissection of this 
artery, however, does not require variation of the 
conventional anastomosis. 

For the sake of completeness another variant 
of the anastomosis is mentioned, where the medial 
meningeal artery is used as the donor artery 
(Fig. 18.3.17 c, d). This is indicated, for instance, 
in case of a meningioma located at the convexity 
when a branch of the middle cerebral artery must 
be ligated in order to remove the tumor, and the 
meningeal artery and the artery supplying the tu
mor are sufficiently longer than normal. Then, mo
bilization of the meningeal artery alone, together 
with a strip of dura, is required. 

V. Variant IV: Vein Interposition 
(Fig. 18.3.18) 

When the distal segments of the extracranial donor 
arteries are no longer sufficiently large, or not suit
able for other reasons, one may consider interposi
tion of a short segment, e.g., of the small saphe
nous vein, between the stump of the temporal ar
tery in front of the ear and the cortical artery, 
the anastomosis with the temporal artery being 
eitherside-to-end or end-to-end. This interposition 
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Fig. 18.3.18a, b. Variant IV of EIAB: interposition of 
short venous segments. a Overview: course of the vein 
graft between temporal artery and cortical artery. b Side
to-end anastomosis of the temporal artery to the vein 
at the dichotomy of the temporal artery, in order to 
achieve the greatest possible anastomotic diameter 

of short veins provides a greater initial flow than 
conventional EIAB and provides significantly 
greater possibilities for choosing the recipient cor
tical artery. One may even make an anastomosis 
in the territory of the anterior cerebral artery. The 
alternative of short vein interposition should be 
considered before planning large extra-anatomic 
bypasses (see Sect. H). 

The technique does not differ significantly from 
conventional EIAB. It requires only an additional 
side-to-end or end-to-end anastomosis between ei
ther the temporal artery (in front of the ear) or 
the occipital artery (behind the ear) and the vein. 
The anastomosis is performed using 9-0 monofila
ment suture material. A continuous suture is used 
for the posterior portion of the anastomosis and 
interrupted sutures for the anterior portion. 
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Fig. 18.3.19a, b. Variant V of EIAB: encephalomyosyn
angiosis (EMS). a Conventional EMS, where the tempo
ral muscle is placed on the cerebral surface and sutured 
to the dura. b EMS, where the patent temporal artery 
is placed on the cerebral surface and the temporal fascia 
is fixed to the dura 

VI. Variant V: Encepbalomyosynangiosis 
(Fig. 18.3.19) 

Especially in patients with moyamoya disease, it 
may be difficult to find a cortical artery of suffi
cient caliber to provide a convenient anastomosis 
[11, 12]. In these cases, one may use the original 
indirect technique of cerebral revascularization, 
encephalomyosynangiosis (EMS, i.e., placement of 
the temporal muscle on the cerebral surface), or 
variants of this technique. 

Some months after an EMS operation, small 
arteries grow from the muscle on the cerebral sur
face into the layers underneath, in a manner simi
lar to the development of trans dural arterial anas
tomosis, of the sort known as a "rete mirabile," 
following conventional craniotomy. 

For EMS the dura is opened wide, the temporal 
muscle is placed on the cerebral surface following 
careful hemostasis, and its edges are fixed to the 
edges of the dura (Fig. 18.3.19a). In order to im
prove the growth of arteries on the cerebral sur
face, some surgeons have recommended slitting the 
arachnoidea as far as possible, or removing it. 

In a variation of EMS, the temporal artery is 
dissected tree as described in Sect. F .I1, but with 
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preservation of its continuity, and the artery, ei
ther by itself or with the edge of the remaining 
fascia, is fixed to the edge of the dura 
(Fig. 18.3.19b). With this technique, the growth 
of arteries on the cerebral surface may be im
proved, as compared with conventional EMS. 

Other techniques that have been recommended 
for revascularization of ischemic brain areas in
volve the use of the greater omentum. Omentum, 
in the form of a free graft containing a vascular 
pedicle, can be transplanted to the cerebral surface 
by anastomosing the gastroepiploic artery and 
vein side-to-end with the superficial temporal ar
tery and vein in front of the ear [12]; or, intact 
pedicled omentum can be mobilized to pass 
through a subcutaneous tunnel in front of the 
thorax and behind the ear, to be placed on the 
cerebral surface [9]. In both operations, the omen
tum is fixed to the edges of the dura. 
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G. Revascularization of the Posterior 
Cranial Fossa - EIAB from the 
Occipital Artery to the Posterior 
Inferior Cerebellar Artery 
(Fig. 18.3.20) 

For ElAB of the posterior cranial fossa [14, 27, 
28] the patient is put in a semirecumbent position 
with the head pronated, slightly turned, and fixed 
by a head holder. Another possibility is a lateral 
position with the head slightly turned and facing 
the floor. 
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Fig. 18.3.20a-d. EIAB of the posterior cranial fossa. 
a Skin incision. b Incision of the muscles of the neck 
and dissection of the occipital artery, starting behind 
. the mastoid. The unilateral craniectomy at the site of 
the posterior cranial fossa includes hemilaminectomy of 
half of the vertebral arch Cl . c Following paramedian 
longitudinal incision of the dura above the cisterna cere
bellomedullaris, the posterior inferior cerebellar artery 
is identified and prepared for the anastomosis by placing 
a rubber strip underneath it. The anastomosis follows. 
d Completed anastomosis of the occipital artery to the 
posterior inferior cerebellar artery 

Using an inverted-l incision (Fig. 18.3.20a), the 
dissection is carried out deeply in the avascular 
midline; the muscles are severed from vertebral 
arch Cion one side and from the occiput. The 
ascending branch of the occipital artery can be 
palpated deep and medial to the mastoid; it is 
dissected as far distally as possible (Fig. 18.3.20b). 
Afterwards a small unilateral suboccipital craniec
tomy, including resection of half of the vertebral 
arch C1, is performed. The dura is opened parame
dially, and the medullary loop of the posterior in
ferior cerebellar artery is identified in its course 
to the vermis. It is mobilized and a rubber dam 
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case reports [1, 2, 3, 4, 28]. All evidence would 
SuperhClallemporal a therefore seem to indicate that it is possible to 
(Ramus panetalis) bypass all stenoses or occlusions of the greater 

Superhcialtemporal a 
(Ramus frontalis) 

Vertebral aa Posteno, Infeno, cerebellar a 

Fig. 18.3.21. Schematic drawing of possible revasculari
zations of the posterior cranial fossa. a From occipital 
artery to posterior inferior cerebellar artery; b from ver
tebral artery to posterior inferior cerebellar artery (with 
vein graft); c from superficial temporal artery to superior 
cerebellar artery; d from superficial temporal artery to 
posterior cerebral artery 

placed underneath it (Fig. 18.3.20c). After adapta
tion of the length of the occipital artery to the 
recipient site and preparation of the arterial stump, 
the posterior inferior cerebellar artery is occluded 
with two microclips. A longitudinal incision is 
made between the clips. An end-to-side anastomo
sis of the occipital artery to the posterior inferior 
cerebellar artery is performed using interrupted su
tures of 9-0 monofilament material. As described 
earlier, the anastomosis is inspected upon comple
tion and, following removal of the clips, fibrin 
foam is placed around it. While closing the wound 
layer by layer, care must be taken to assure enough 
space for the occipital artery without endangering 
secure closure of the dura. Several variants 
(Fig. 18.3.21) of the revascularization of the poste
rior cranial fossa have been described, some as 

arteries of the vertebrobasilar circulation. Depend
ing on the localization of stenoses and occlusions, 
the occipital artery or the vertebral artery can be 
used for revascularization of the caudal portions 
of the brain stem (posterior inferior cerebellar ar
tery), using vascular interposition grafts, if neces
sary. The superficial temporal artery may be used 
for revascularization of the rostral portions of the 
brain stem (anterior cerebellar artery, superior cer
ebellar artery, or posterior cerebellar artery). Al
though the main technical problems of this very 
difficult operative procedure seem to be solved, 
many questions concerning patient selection re
main open. 

H. Extra-anatomic Bypass Procedures 
(Figs. 18.3.22, 18.3.23) 

As mentioned earlier, an essential prerequisite for 
conventional EIAB is an extracranial donor artery 
with an internal diameter of at least 1 mm in the 
segment to be anastomosed. Owing to a variety 
of factors, this precondition might not be fulfilled : 

Extensive arteriosclerosis of the carotid bifurca
tion with involvement of the external carotid 
artery 
Injury of the temporal artery, possibly by pre
vious operations, e.g., for aneurysms 

- "Arteriospasm" of the temporal artery, espe-
cially in young females 

If other donor arteries (see Sect. F.III,IV) are not 
suitable, one has to consider the possibility of vas
cular grafts. Autogenous saphenous vein has pro
ven to be the best graft material, although numer
ous other materials have been used (radial artery, 
denatured human umbilical cord prosthesis, ex
panded PTFE prosthesis). Autogenous vein had 
already been used by WORINGER and KUNLIN [29], 
prior to the introduction of microsurgery, to per
form a bypass from the common carotid artery 
to the intracranial segment of the internal carotid 
artery. However, the anastomosis of the vein to 
the intracranial segment of the internal carotid ar
tery is technically difficult and requires extensive 
manipulation of the brain. Today, therefore, one 
usually performs a distal anastomosis to a cortical 
branch of the middle cerebral artery, usually to 
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a 

b 
Fig. 18.3.22a, b. Extra-anatomic bypass from subclavian 
artery to angularis artery. a Exposure of the subclavian 
artery by a supraclavicular approach and proximal side
to-end anastomosis. b Exposure of the cortical artery 
by skin incision and course of the vein graft 

its major branch in the region of the angularis 
artery; here, the branch has an inner diameter of 
1.5-2 mm. For the extracranial anastomosis, the 
external carotid artery and the common carotid 
artery were chosen in the early days. However, 
it has been shown [24] that it is better to connect 
the prosthesis to the subclavian artery. That way, 
the prosthesis is straight and therefore subject to 
less tension when the head is turned. 

This operation (Fig. 18.3.22), properly enough, 
is a cooperative effort between the vascular sur
geon and the neurosurgeon : while the craniectomy 
is being performed (following a parieto-occipital 
skin incision), the greater saphenous vein is har
vested, starting the dissection distally and continu
ing upward to the knee, where the vein narrows 
slightly, thereby presenting an obvious advantage 
for the distal anastomosis. The tributaries are li
gated, except for a proximal branch in which a 
blunt cannula is inserted to flush the vessel with 
heparinized saline to disclose leaks. Afterwards, 
the vei.n is kept in this solution or in heparinized 
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blood until implantation. The direction of the sub
sequent arterial blood flow in the vein is indicated. 

The typical supraclavicular approach to the 
subclavian artery is made through a skin incision 
parallel to the clavicle. The subclavian artery is 
exposed, two tapes are passed around it, and a 
Satinsky clamp is applied. The vein is then pre
pared for the proximal anastomosis; this involves 
dissecting off the perivascular tissue and beveling 
the stump slightly. Following systemic administra
tion of 5000 LV. heparin and clamping of the sub
clavian artery, an oval incision is made, and a side
to-end anastomosis of the subclavian artery to the 
distal end of the saphenous vein is performed using 
6-0 suture material. Following completion of the 
anastomosis and control of hemostasis, a retroau
ricular subcutaneous tunnel is created from the 
craniectomy in the direction of the proximal anas
tomosis. An essential step is sharp dissection of 
the adhesions of the cranial fascia off the skull, 
carefully avoiding compression of the vein graft 
between the skin and the skull. The vein is passed 
through the subcutaneous tunnel by means of a 
20-gauge trocar; here, one must be careful not to 
kink or twist the vein. The length of the vein graft 
is determined by the site of the distal anastomosis; 
the stump of the vein is beveled to achieve the 
widest possible anastomosis. The arachnoidea is 
incised for a sufficient distance over the cortical 
artery chosen to serve as recipient artery, and the 
artery is mobilized. After placing rubber dams 
around the artery, its smaller branches are oc
cluded by long, narrow temporary microclips. Af
terwards, the cortical artery is incised longitudinal
ly between two clips placed 1 cm apart, using a 
diamond knife. Following placement of the two 
corner sutures, the anastomosis is performed using 
closely spaced interrupted sutures or a combina
tion of interrupted and continuous sutures with 
10-0 suture material. The occlusion time for the 
cortical artery will be between 25 min (for a con
tinuous suture) and 45 min (for interrupted su
tures), according to our experience. 

In order to shorten the time required for the 
anastomosis, the sutures can be placed at some
what larger intervals and additionally sealed with 
fibrin glue. Postoperative patency of the vein by
pass may easily be ascertained by palpation or per
cutaneous Doppler ultrasonography. 

Variants of cerebral revascularization using 
vein grafts include: the combination of a vein by
pass from the subclavian artery to the external 
carotid artery and conventional EIAB for bypass-
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Fig. 18.3.23a, b. Variants of extra-anatomic bypass pro
cedures. a In the case of occlusion of the common caro
tid artery: vein bypass from subclavian artery to external 
carotid artery followed by conventional EIAB. b Bonnet 
bypass in the case of occlusion of the common carotid 
and external carotid arteries on one side in the absence 
of a donor artery on the same side: vein bypass from 
the contralateral superficial temporal artery to a cortical 
artery of the occluded side, crossing the midline 

ing an occlusion of the common carotid artery, 
and the bonnet bypass from a temporal artery to 
the contralateral cortical artery (Fig. 18.3.23 a, b). 

I. Embolectomy of the Middle Cerebral 
Artery (Fig. 18.3.24) 

The middle cerebral artery, being a terminal 
branch of the internal carotid artery, represents 
the "embolism artery." Often, emboli dissolve 
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spontaneously; therefore, some embolic strokes 
may not require revascularization. However, in 
rare cases, it is possible [23] to remove an angio
graphically demonstrated embolus from the mid
dle cerebral artery within a short interval of 4-6 h. 
This interval, during which computed tomography 
and angiography must be performed, can be ex
tended if necessary by early administration of bar
biturates. 

For the embolectomy, a small frontotemporal 
craniectomy is performed, the Sylvian fissure 
opened, and the main stem of the middle cerebral 
artery (or branch of the artery) exposed, showing 
the thrombus, which can be recognized as a dark 
segment. The dissection of the main stem may be 
impaired or even rendered impossible by massive 
swelling of the brain. Following temporary liga
tion of the main artery and the distal branches 
by clips, a branch just distal to the thrombus is 
incised and the thrombus extruded slowly. Follow
ing early removal of the proximal clip, the blood 
will flush out the rest of the thrombus from a prox-
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Fig. 18.3.24a-d. Embolectomy in the case of embolism 
in the middle cerebral artery. a Embolism in the major 
trunk of the middle cerebral artery; application of tem
porary clips proximal and distal to the embolus, incision 
of the artery, and flushing or extrusion of the embolus. 
b, c Retrograde flushing of the remnants of the embolus 
by alternately releasing the clips (arrows). d Interrupted 
suture of the arteriotomy and removal of the clips 

imal direction. Afterwards, the distal clips are 
opened temporarily step by step to flush out the 
distal portions of the thrombus. Following flush
ing with heparinized solution, the arteriotomy is 
closed with interrupted sutures (7-0 to 10-0). 

K. Postoperative Monitoring and Follow-up 

After surgery and anesthesia, the patient is kept 
in the intensive care unit for 1 day for control of 
possible postoperative hypertensive crisis or hypo
tensive regulatory disturbances. Afterwards, the 
patient can be mobilized quickly as EIAB (routine
ly taking 2 h) does not subject the patient to great 
stress. (The operation time for EIAB of the poste
rior cranial fossa is about 4-5 h, somewhat less 
for the larger extra-anatomic bypasses). Early mo
bilization is especially recommended from the sur
gical standpoint; for, if the closure of the dura 
has been incomplete, too much cerebrospinal fluid 
may leak into the temporal muscle, resulting in 
local headache. 

Immediately following surgery, the administra
tion of platelet aggregation inhibitors, e.g., acetyl
salicylic acid, is resumed, at first intravenously, 
and on the next day orally. In most cases no 
further postoperative medical therapy is required. 
In patients with stenosis of the internal carotid 
or the middle cerebral artery operated on by 
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EIAB, administration of heparin 3 x 5000 1. U. is 
recommended to prevent a stenosis from becoming 
occluded, which may occur as a result of the post
operatively altered pre-/poststenotic pressure gra
dient. This medication may be reduced after a few 
days and terminated when the patient is dis
charged, i.e., when the stitches are removed, usual
lyon the 7th postoperative day. 

For follow-up control, only noninvasive exami
nations are required. The essential examination for 
assessment of function is percutaneous Doppler 
ultrasonography [8, 10], which allows semiquanti
tative determination of the amount of blood being 
supplied to the brain via the EIAB. Angiography 
is only required when new symptoms of cerebral 
ischemia occur, indicating further surgical therapy. 
Complications of EIAB, other than cardiac ones 
derived from the underlying arteriosclerosis, are 
impairment of wound healing and new temporary 
or permanent neurologic deficits caused intraoper
atively either by ischemia or intracerebral bleed
ing. The latter complication is found especially in 
patients whose blood pressure is not well moni
tored or in cases where EIAB is performed within 
the first 4 weeks after an ischemic stroke. Although 
some authors report a mortality of 0% in partial 
series, the mortality in larger series is 1.5%-2% 
[19,31]. The morbidity is about 2.2%. 

During follow-up, new ischemic damage of the 
contralateral side or in the region of the vertebro
basilar circulation may become manifest. Also, a 
significant proportion of postoperative mortality 
is caused by myocardial infarction. This indicates 
that arteriosclerosis is the basic underlying pro
cess, which neurosurgery cannot cure. But even 
though neurosurgical therapy may not increase life 
expectancy, it may well prevent or ameliorate life
threatening symptoms and thereby improve the 
quality of life. 
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18 Occlusions of the Supra-aortic Branches 

18.4 Reconstructive Surgery in 
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Occlusive disease of the large branches of the aor
tic arch and its operative treatment have assumed 
increasing significance within the last few years 
as angiologic and angiographic investigations have 

revealed that approximately 20%-30% of patients 
with manifest clinical arterial occlusive disease of 
the cerebrum also have occlusive disease in extra
cranial segments of the supra-aortic vessels. While 
approximately 56% of the occlusions are located 
in the region of the carotid sinus, more than 40% 
of patients present with hemodynamically effective 
vascular changes in the proximal segments of the 
aortic arch branches (innominate artery, common 
carotid arteries, and subclavian arteries) [1]. An
other indication of the frequency of this disease 
is that among patients suffering from manifest dis
turbances of the peripheral circulation, 30% also 
show additional vascular changes in the region of 
the supra-aortic branches. The significance of cere
brovascular disease is seen from the fact that it 
occupies third place in the mortality statistics, fol
lowing cardiovascular disease and malignant tu
mors. 

In the vast majority of cases, arteriosclerosis 
is the cause of occlusive disease. Stenotic lesions 
at the origins of the supra-aortic branches owing 
to inflammatory processes, such as the Takayasu 
syndrome, are rare. 

Occlusions or stenoses of supra-aortic branches 
are either localized at their origin on the aortic 
arch (without narrowing the lumen of the aorta) 
or in their initial segment. The distal involvement 
is variable, however, rarely extending farther than 
the takeoff of the first branch. 

Occlusive processes most commonly occur at 
or near the origin of the left subclavian artery. 
In second place is the innominate artery; less com
monly involved are the common carotid arteries. 

In most cases, circulatory obstructions in the 
primary branches of the aorta are not solitary but 
multiple. Therefore, precise, detailed angiographic 
visualization of all aortic branches, and of the ver
tebral arteries as well, is extremely important for 
the planning of appropriate surgical therapy. 
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B. Anatomy 

The ascending aorta originates from the left ventri
cle, dorsal and to the right of the pulmonary artery 
and left of the superior vena cava at the level of 
the third interspace. Its anterior surface is covered 
by pericardium up to about 1 cm below the origin 
of the innominate artery and in adults is hidden 
by the retrosternal fatty tissue. The ascending aor
ta, tog~the~ with the aortic arch, is part of a spiral, 
asce~dmg m front of the trachea toward the right 
first mterspace and crossing the trachea on its left 
side. The apex of the aortic arch lies at the level 
of the manubrium sterni. The aortic arch then 
turns to the left, passing the trachea, continues 
dorsally, and reaches the vertebral column at the 
left circumference of the fourth thoracic vertebra 
becoming the thoracic aorta (Fig. 18.4.1). ' 

The arch, being convex toward the cranial side 
rides o.n the left main bronchus. The pulmonar; 
trunk IS attached to the concavity of the aortic 
arch by Botallo's ligament. The right pulmonary 

Fig. 18.4.1. Anatomy of the supra-aortic arteries 
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Fig. 18.4.2. Anatomy of the vena cava and its afferent 
branches 

right common carotid artery behind the right ster
noclavicular joint. The carotid artery continues in 
the direction of the innominate artery. In contrast, 
the right subclavian artery passes curvilinearly ac
ross the apex of the pleura to the posterior scalen
us space and to the supraclavicular fossa. The right 
common carotid artery ascends at the lateral as
pect of the trachea and the esophagus, covered 
by the sternocleidomastoid muscle, to the fossa 
carotica, branching there into two tributaries. 

Just after the innominate artery, the left com
mon carotid artery branches off the aortic arch. 
It turns to the left across the anterior circumfer
ence of the trachea and ascends left of the trachea 
and the esophagus through the upper thoracic 
opening to the neck. 

The left subclavian artery is usually the last and 
the most dorsal branch of the arch, ascending 
vertically and finally curvilinearly across the left 
apex of the pleura to the posterior scalenus space 
and the fossa supraclavicularis. 

For the vascular surgeon, it has been proved 
to be of advantage to divide the subclavian artery 
into four segments [4, 5] (Fig. 18.4.3). 
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The first segment extends from the ongm of 
the subclavian artery to the origin of the vertebral 
artery and the internal thoracic artery. 

From the second segment, the vertebral artery 
and the internal thoracic artery branch off. 

The third supraclavicular segment is located be
tween the origin of the thyrocervical trunk and 
the costoclavicular space. 

The fourth costoclavicular segment is located in 
the space between the clavicle and the first rib. 

The vagus nerve and the phrenic nerve, as well 
as the thoracic duct are in close contact with the 
large vessels and are therefore easily injured during 
dissection. The vagal nerves (Fig. 18.4.1) enter the 
thorax between the common carotid artery and 
the internal jugular vein. The right vagus nerve 
crosses the subclavian artery immediately after 
branching off from the innominate artery on the 
anterior surface. The recurrent nerve passes 
around the vessel from below and ascends cranial
ly into the esophagotracheal groove. The left vagus 
nerve crosses the aortic arch on its anterior circum
ference. There, the recurrent nerve branches off, 
passing around the concavity of the arch to the 
left of Botallo's duct and ascends into the groove 
between the trachea and the esophagus up to the 
larynx. 

The phrenic nerves (Fig. 18.4.1) are located on 
both sides on the anterior aspect of the anterior 
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Fig. 18.4.3. Segments of the subclavian artery 

scalenus muscles in the upper fascia. They enter 
the thorax between the subclavian artery and vein 
and cross the subclavian artery ventrally just be
fore entering the posterior scalenus space. Here, 
they are located lateral to the vagal nerves. The 
right phrenic nerve crosses the internal thoracic 
artery from lateral to ventral to become located 
lateral to the innominate vein and the superior 
vena cava. Finally, it descends in front of the hilus 
of the lung, between the fibrous pericardium and 
the mediastinal pleura, to the diaphragm. The left 
phrenic nerve also crosses the internal thoracic ar
tery lateroventrally and passes beneath the media
stinal pleura across the aortic arch to the left 
border of the heart. 

The ansa subclavia (ansa of Vieussens) must not 
be injured; otherwise, a Horner's syndrome may 
result postoperatively. The ansa (Fig. 18.4.1) origi
nates from the medial cervical ganglion of the sym
pathetic trunk and has two portions. The ventral 

origin of the vertebral artery and, like the dorsal 
portion, reaches the inferior cervical ganglion. 
This ganglion usually joins the first thoracic gan
glion to form the ganglion stellatum and is located 
in front of the head of the first rib. 

The thoracic duct is of surgical interest at var
ious locations during its course because of its high 
susceptibility to injury during dissection of the left 
subclavian artery [16]. In the angle between the 
aortic arch and the origin of the left subclavian 
artery (Fig. 18.4.4), the thoracic duct passes under
neath the pleura in the sheath of the esophageal 
fascia, through the opening of the thorax into the 
base of the neck. It then passes ventrally between 
the left common carotid artery and the subclavian 
artery to the left venous angle, entering there 
(Figs. 18.4.2-18.4.4). The apex of the arch of the 
thoracic duct, before it enters the vein, may extend 
far into the neck and is located medial to the 
thyrocervical trunk and the anterior scalenus mus
cle, in whose fascia the phrenic nerve is embedded. 
Before entering, the thoracic duct usually receives 
the jugular, subclavian, and bronchomediastinal 
trunks, which are interrupted by lymph nodes. 
Some 40% of all iatrogenic injuries to the thoracic 
duct occur in the left upper mediastinum. In the 
aortosubclavian angle, the duct is easily injured 
during dissection of the subclavian artery. This 
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mainly occurs when one fails to stay close to the 
arterial wall after division of the parietal pleura 
and dissects roughly into the depths of the media
stinum. 

Another area where injury to the thoracic duct 
can occur is in the region of the lateral triangle 
of the neck (Figs. 18.4.12, 18.4.13). With the su
praclavicular approach to the subclavian artery, 
injuries to the terminal thoracic duct (and the 
phrenic nerve) are likely. Therefore, one must be 
on guard against injuring the thoracic duct not 
only when dissecting in the region of the supracla
vicular fossa. but also when retracting the venous 
angle for exposure of the artery. 

Also in operations on the right subclavian ar
tery, one must be careful to preserve the integrity 
of the greater lymph vessels (right lymphatic 
trunk), and especially the anterior bronchomedias
tinal trunk, which enters the venous angle there. 
Because of collateral connections with the thoracic 
duct, chylus may leak out of the left system in 
a retrograde direction when the right lymphatic 
trunk is opened, resulting in a chylothorax. 

C. Clinical Manifestation 

The clinical symptoms of occlusive disease of the 
supra-aortic branches depend on the type, the lo
calization, and the extent and multiplicity of the 
vascular obstruction, but may also depend on the 
condition of the collateral circulation. Corre
spondingly, temporary or permanent ischemia 
may occur in the vascular system of the subclavian 
artery, the carotid artery, and the vertebral artery. 
In cases of occlusion of the innominate artery, be
sides symptoms of carotid artery insufficiency, 
signs of vertebrobasilar insufficiency and of bra
chial insufficiency may also be noticed. Occlusions 
or severe stenoses of the origin of the subclavian 
artery or of the innominate artery proximal to the 
origin of the vertebral artery lead to a change in 
the direction of blood flow in the vertebral artery 
and consequently to a subclavian steal syndrome, 
especially during exercise of the upper extremity. 

Usually, the physician is consulted either be
cause of ischemic symptoms in the region of the 
upper extremity or because of neurologic symp
toms. 
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D. Indication for Operation 

Surgical intervention to correct an occlusion of 
the subclavian artery is indicated above all when 
a vertebrobasilar insufficiency is clinically relevant 
and reproducible by provocation tests. An isolated 
occlusion of the subclavian artery resulting in re
duced blood flow to the arm during exercise is 
also an indication for surgery. However, asympto
matic occlusions in this region, even though they 
are demonstrated angiographically, should not be 
treated surgically. 

Vascular lesions of the innominate artery and 
the common carotid artery, producing intermittent 
neurologic symptoms, are always urgent indica
tions for surgery because one never knows whether 
the next ischemic attack will cause an irreversible 
neurologic deficit. In particular, it must be stressed 
that atheromatous plaques that are hemodynami
cally ineffective, but ulcerated, threaten the pa
tient's life. They serve as a constant source of em
boli and consequently as the cause of transient 
ischemic attacks. 

When chosing an operative procedure for the 
reconstruction of occlusive lesions in the supra
aortic region, considerations of operative morbidi
ty and mortality play a major role. Reports pub
lished in the literature over the last few years show 
that the postoperative results with an extrathoracic 
approach are not superior to the more invasive 
transthoracic approach, which also has a higher 
mortality. This is due to more stringent criteria 
for patient selection and also to improvements in 
prostheses, suture materials, and operative tech
niques. On the basis of our clinical experience, 
which confirms the experimental data of LORD and 
EHRENFELD [11], we feel it is sound procedure to 
divert the blood flow of a healthy artery extratho
racically without the risk of producing a new steal 
syndrome. 

The reconstructive procedure is attempted not 
only in cases of arteriosclerotic occlusions, but also 
in Takayasu's disease. The bypass should extend far 
into the healthy vascular segment because in these 
patients, who are mostly young, the disease can 
be expected to progress. It is not advisable to di
vert blood from the aortic arch, even if a second 
branch of the aortic arch is already involved. In
volvement of a third branch is an extreme rarity. 
Therefore, it is possible to use the healthy artery 
to supply the occluded vascular system. 

An exact angiogram of all branches of the aor
tic arch is of decisive significance in planning the 
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operative approach. Incomplete opacification may 
lead to a faulty assessment of the situation and 
consequently to an inappropriate choice of recon
structive procedure. Any vessel that is considered 
as a possible donor artery for extra-anatomic by
pass must be free of hemodynamically significant 
lesions, as proven angiographically and by 
Doppler ultrasonography. This condition holds 
not only for the segments proximal to the shunt, 
but of course for the distal segment as welL 

In the future, it is expected that patient selection 
will be based exclusively on noninvasive investiga
tions. At the moment, however, it is not yet possi
ble to abandon morphological evaluation of the 
vascular condition. Along with catheter angiogra
phy, digital subtraction angiography has also been 
gaining in importance. In addition to visualization 
of the blood vessels, this technique also provides 
a semiquantitative measurement of the blood flow 
through a stenosed vascular segment (regions of 
interest). 

E. Operative Techniques 

Because occlusive processes of the supra-aortic ar
teries involve lesions distributed segmentally in 
vessels of large diameter [2], they are usually 
amenable to management by vascular surgery. 
Provided there is good run-off in the periphery, 
in most cases complete operative restoration of 
the vascular system can be achieved. Concerning 
the operative approach, especially the question 
whether a transthoracic or extrathoracic approach 
is preferred, opinions still differ [6, 7, 8, 10, 12, 
14,17]. 

The transthoracic procedure became the pre
dominant reconstructive principle in the early 
1960s. Nevertheless, in the ensuing years, thoraco
tomy and sternotomy were not deemed necessary . 
if disease-free, patent arteries were available in the 
extrathoracic region that could serve as donor ar
teries for an extrathoracic bypass. Within the last 
10 years there has been a growing tendency toward 
extrathoracic bypass because it avoids the large 
intervention and the potential complications of 
thoracotomy or sternotomy and also because it 
is more feasible for older, high-risk patients with 
cardiorespiratory insufficiency [17]. 

In the discussion of these various procedures, 
the concern has often been expressed that a carotid 
steal effect may result, for instance, from a carotid 

subclavian bypass in patients suffering from sub
clavian steal syndrome. However, this objection 
was laid to rest by the experimental studies of 
LoRD and EHRENFELD [11] measuring an increase 
of flow in the carotid artery proximal to the diver
sion [17]. Of course, it is essential that the donor 
artery is free of hemodynamically significant prox
imal and distal stenoses. 

In a collective review of the world literature 
in 1978 GRUSS [9] found that in 931 reconstruc
tions for subclavian steal syndrome the mortality 
of 3.7% with the transthoracic approach was re
duced to 0.7% using the extrathoracic approach. 
The same review, however, shows significantly bet
ter clinical and hemodynamic results with the 
transthoracic approach. To what extent these post
operative results from the years 1960-1970 are still 
valid cannot be known without a collective review 
of recent years. However, in view of the great ad
vances that have since been made in prostheses 
and suture material as well as operative technique, 
it is possible to believe reports of recent years 
showing that the two procedures produce similar 
postoperative results, except for the persistent dif
ference in mortality [17]. The Department of Sur
gery of the University of Amsterdam [15] reports 
that, except for less favorable hemodynamics, the 
clinical and morphological long-term results ob
tained using the extra thoracic procedure were as 
good as those obtained with the transthoracic one. 

F. Operative Approaches and Technique 
of Vascular Exposure 

I. Transthoracic Approach 

For the transthoracic procedure, essentially two 
operative approaches, median sternotomy and left 
posterolateral thoracotomy, are used. 

1. Median Sternotomy 

The ascending aorta, the innominate artery, the 
proximal segment of the right subclavian artery, 
and the intrathoracic segments of both carotid ar
teries are best exposed by a median total sterno
tomy. 

The patient is placed in a supine position on 
the operating table with a surgeon on the right 
side of the patient. If transparent plastic drapes 
are used, care must be taken to insure access to 
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Fig. 18.4.5. Median sternotomy. Skin incision allowing 
extension in the supraclavicular fossa or along the ster
nocleidomastoid muscle 

the anterior part of the neck up as far as the border 
of the mandible and posteriorly as far as the man
dibular angle; the supraclavicular fossa must also 
remain accessible. The skin incision (Fig. 18.4.5) 
is made in the midline from the jugulum down
ward to just below the xiphoid process. If required, 
the incision can be extended to the right or left 
in the supraclavicular fossa or along the medial 
margin of the sternocleidomastoid muscle. The 
subcutaneous tissue and the periost of the sternum 
is divided by electrocoagulation. Afterwards, the 
linea alba is incised over a short distance and the 
xiphoid process split longitudinally or resected 
with a large scissors. In the fossa jugularis, the 
interclavicular ligament is divided and the medias
tinal tissue dissected off the posterior aspect of 
the manubrium sterni, using the left index finger 
(Fig. 18.4.6 a, b). The precordial tissue is dissected 
off the posterior aspect of the sternum in a similar 
way, using the finger or a cotton applicator. In 
this way injuries are avoided while transecting the 
sternum. Longitudinal splitting of the sternum is 
best performed with a sternum saw or an oscillat
ing saw (Fig. 18.4.6c). The cut edges of the ster
num are covered with wax to prevent bleeding 
from the bone marrow. Bleeding from the periost 
of the anterior or posterior surface of the sternum 
may be stopped by applying the ball-shaped tip 
of the cautery. 

With a thoracic retractor, both parts of the ster
num are retracted and both duplications of the 
pleura are carefully bluntly dissected off the peri
cardium to avoid opening the pleural cavities. In 
case of rupture of the pleura, the pleural cavity must 
be drained upon completion of the procedure. 
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c 

Fig. 18.4.6. a, b Blunt digital dissection of the retroster
nal space. c Division of the sternum using a saw 

Now, the fatty thymus tissue covering the peri
cardium and the great vessels is resected or divided 
between clamps. Care must be taken of the left 
innominate vein which crosses the operative field 
transversely and is therefore easily injured. The 
vein should never be divided and ligated. In cases 
of bleeding, the bleeding sites must be closed with 
a fine suture (Prolene 6-0). As this vein covers the 
origin of the innominate artery and the left com
mon carotid artery, it must be sufficiently mobi
lized and retracted with a tape to allow free access 
to the aortic arch and the aortic branches 
(Fig. 18.4.7). 
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Fig. 18.4.7. Vessels exposed by sternotomy 

Fig. 18.4.8. Sternum wire suture 

If the ascending aorta must be exposed, the up
per portion of the pericardium is divided longitu
dinally. The aorta is then bluntly dissected circum
ferentially and a tape is placed around it in view 
of the possibility of injury to the right pulmonary 
artery, which passes behind the aorta. If the distal 
segments of the subclavian artery must also be 
exposed, median sternotomy is extended by a skin 
incision to the right or to the left into the supracla
vicular fossa (Fig. 18.4.5). 

In cases of insufficient exposure of the upper 
segment of the innominate artery by median ster
notomy or when the upper segments of the com
mon carotid artery within the neck must be ex
posed additionally, the incision along the medial 
border of the sternocleidomastoid muscle is ex
tended upward. It is usually necessary to divide 
the sternal insertion of the sternocleidomastoid 
muscle as well as the longitudinal musculature of 
the neck in order to expose the bifurcation of the 
innominate artery clearly. 

However, the common carotid artery and both 
its branches may also be exposed by an additional 
separate incision along the anterior border of the 
sternocleidomastoid muscle. If the whole length 
of the common carotid artery from the aorta up 
to the bifurcation must be dissected, the sterno
tomy incision along the medial margin of the ster
nocleidomastoid muscle is extended upward to the 
thyroid cartilage. After the subcutaneous tissue 
and the platysma have been divided, the sternal 
insertion of the sternocleidomastoid muscle, the 
sternothyroid muscle, and the omohyoid muscle, 
which crosses the common carotid artery, must 
be divided. Medial to the internal jugular vein, 
the common carotid artery is found and dissected 
as far as the bifurcation. 

When dissecting at the origin of the branches 
of the aortic arch and along their further course, 
one must be very careful not to injure the phrenic 
and vagal nerves and the thoracic duct. The left 
phrenic nerve, the left vagus nerve, and the recur
rent nerve are particularly susceptible to injury at 
the aortic arch. When exposing and dividing the 
insertion of the sternocleidomastoid muscle on the 
left side, one must be mindful of the junction of 
the thoracic duct with the venous angle. The duct, 
emerging from a caudal and dorsal direction, 
arches over the subclavian artery (Figs. 18.4.2, 
18.4.4, 18.4.14). 

The median sternotomy is closed with wire su
ture or tapes (Fig. 18.4.8). 



516 

Fig. 18.4.9. Posterolateral thoracotomy, positioning and 
incision 

Fig. 18.4.10. a Division of the latissimus dorsi muscle. [> 

b Anterior serratus muscle divided, latissimus dorsi mus
cle incised; incision of the periost of the rib with an 
electric knife 

2. Left Posterolateral Thoracotomy 

The upper portion of the descending aorta and 
the intrathoracic segment of the left subclavian ar
tery, i.e., segment 1, [3,4, 5] are best approached 
through a posterolateral thoracotomy in the bed 
of the fourth rib. Using this approach, the proxi
mal segment of the left common carotid artery 
can also be exposed. 

The patient is positioned on the right side 
(Fig. 18.4.9). The right leg is pulled up somewhat, 
the hip and the knee joint being flexed. The left 
leg is extended and cushions are placed beneath 
it. The hip is fixed on the table with a circular 
belt. Stabilization is achieved by holders hooked 
to the table. A cushion or a pneumatic roll is 
placed under the right side of the thorax at the 
level of the incision to achieve overextension of 
the hemithorax that is to be operated on. Prior 
to closure of the thorax, the cushion is removed 

O. THETIER and R.J .A.M. VAN DONGEN 

l alissimus dorsi m. Trapezius m. 

Serra Ius anlerior m. 

Fourlh rib 

Anlerior serralus m. 

lalissimus dorsi m. 



18.4 Reconstructive Surgery in Intrathoracic Supra-aortic Occlusive Disease 517 

or the roll deflated. The right arm is positioned 
perpendicular to the body axis on an arm holder, 
providing access to the arm for the anesthesiolo
gist. The left arm is abducted to shoulder level 
and fixed ventrally to the holder. 

The skin incision starts in the midclavicular 
line, passing beneath the breast in a downward 
convex curve. In women, this incision should be 
made in the inframammary fold. The incision is 
continued dorsally in the axillary line to make a 
curve around the tip of the scapula at a distance 
of about 5 cm. Between the vertebral column and 
the margo vertebralis scapulae, the incision is ex
tended cranially. After the gland is dissected off 
the fascia of the major pectoralis muscle, the thor
acic insertion of the major pectoralis muscle is di
vided at the level of the fourth rib. Laterally, the 
anterior serratus muscle is separated in the direc
tion of its fibers and the anterior border of the 
latissimus dorsi muscle is exposed (Fig. 18.4.10a). 
Vessels passing there must be divided between liga
tures. Afterwards, the muscle is divided by an elec
tric knife over a wooden probe. Sometimes, it may 
become necessary to incise the trapezius and rhom
boid muscle as well. 

The scapula is drawn up cranially, and the hand 
is passed upward between the thoracic wall and 
the scapula to determine the level of the thoracot
omy by counting the ribs. (The first palpable rib 
is the second.) The fourth rib is now exposed over 
a sufficient distance, and the periost is incised at 
the anterior aspect of the rib (Fig. 18.4.10b). The 
periost and the intercostal muscles are then dis
sected off the rib with a raspatory. Next, the pleu
ral cavity in the bed of the fourth rib is opened, 
and one or two retractors are inserted. The thora
cotomy may also be performed following division 
of the intercostal muscles in the third interspace. 

The lung is reflected ventrally to expose the 
aortic isthmus, and the parietal pleura is incised 
over the aorta and the left subclavian artery. The 
vessels are now easily dissected, and tapes are 
placed around them. As already mentioned, in this 
region one must be careful not to injure the vagal, 
recurrent, and phrenic nerves or the thoracic duct 
(Figs. 18.4.2 and 18.4.4). 

ll. Extrathoracic Approach 

If a thoracotomy seems to be impossible because 
of the advanced age or general condition of the 
patient, an extrathoracic bypass may be consid-

ered, provided there is at least one patent donor 
artery in the region of the neck or the shoulder. 
This procedure, though hemodynamically some
what less favorable, has the advantage of being 
less stressful. The operative approach depends on 
the operative method chosen. The literature of the 
last few years describes a great variety of extra
thoracic bypasses. Besides the most commonly 
used carotid-subclavian bypass employing an ipsi
lateral or contralateral prosthesis or venous graft 
[14], a direct side-to-side anastomosis between the 
subclavian and the carotid artery may also be per
formed (using a supraclavicular approach) [6] . An
other successful method has been proposed by ME
HIGAN et al. [12]. Through a supraclavicular inci
sion, the subclavian artery is divided distal to the 
occlusion and proximal to the origin of the verte
bral artery and anastomosed end-to-side to the 
common carotid artery. 

1. The Supraclavicular Exposure of the Subclavian 
Artery and the Common Carotid Artery 

Using a supraclavicular approach, it is possible 
to expose the common carotid artery as well as 
the subclavian artery with its extrathoracic seg
ments. The intrathoracic segment, segment 1, of 
the subclavian artery may also be exposed by care
ful dissection, allowing cross-clamping and divi
sion proximal to the origin of the vertebral artery. 
This is done more easily on the right side than 
on the left because the origin of the innominate 
artery is located higher on the right side. The pa-

SternohYOid m Subclavian a 

Fig. 18.4.11. Anatomy of the lateral triangle of the neck 
and skin incision for the supraclavicular approach 
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Fig. 18.4.12. Supraclavicular exposure of the subclavian 
and carotid arteries 

tient is placed in a supine position with the head 
turned to the side. A cushion is placed underneath 
the ipsilateral shoulder. The incision is made 1 cm 
cranial and parallel to the clavicle, extending from 
the sternocleidomastoid muscle down to the ante
rior border of the trapezius muscle (Fig. 18.4.11). 
Following division of the subcutaneous tissue and 
the platysma, the external jugular vein is divided 
in the lateral triangle of the neck. The clavicular 
portion, and sometimes also the sternal portion 
of the sternocleidomastoid muscle, is divided as 
well as the sternothyroid and sternohyoid muscle, 
and laterally the omohyoid muscle. In order to 
avoid postoperative lymph fistulas, care must be 
taken not to injure the thoracic duct where it enters 
the left venous angle (Figs. 18.4.12 and 18.4.13). 
If the exposure is insufficient, it is better to ligate 
the duct. Following careful dissection of the su
praclavicular fossa and retraction of prescalenic 
fatty tissue, the phrenic nerve is exposed on the 
anterior aspect to the scalenous anterior muscle. 
The nerve is retracted with a small cotton applica
tor. The muscle is then divided at the insertion 
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Fig. 18.4.13. Clamping of the subclavian artery 

of the first rib with an electric knife over a wooden 
probe, exposing the subclavian artery with its 
branches, the thyrocervical artery, and the internal 
thoracic artery. These branches, as well as the ver
tebral vein, which crosses ventrally, and the thyro
cervical vein must be ligated and divided to allow 
suffident mobilization of the subclavian artery to
gether with the vertebral artery. Tapes are placed 
around them. A tape is also placed around the 
internal jugular vein, ascending in the medial 
corner of the wound, and it is retracted laterally. 
This provides exposure of the common carotid ar
tery, which lies medially; it also preserves the re
current nerve (Fig. 18.4.12). 

The extensive division of muscle tissue and ves
sels, although not always necessary, provides ac
cess to the subclavian artery far behind the ster
noclavicular joint, and this allows cross-clamping 
of the subclavian artery in its first segment. How
ever, it is necessary to draw up the subclavian ar
tery slightly with a tape. The clamp occluding the 
vessel must be placed securely so that it cannot 
slip off (Fig. 18.4.13). 

Exposure and mobilization of the extrathoracic 
subclavian segments is above all mandatory for 

Fig. 18.4.14. Skin incision for carotid-axillary bypass 
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reimplantation (transposition) of the subclavian 
artery into the common carotid artery [12]. How
ever, for a carotid-subclavian bypass or a side-to
side anastomosis of the common carotid and sub
clavian arteries using the method of EDwARDs and 
WRIGHT [6], division of anatomic structures does 
not have to be so extensive. 

The subclavian - subclavian bypass [8] requires 
supraclavicular exposure of the subclavian artery 
on both sides. The graft is passed subcutaneously 
or submuscularly to the contralateral side. 

2. The Infraclavicular Approach 
to the Axillary Artery 

The carotid-axillary bypass [13] as well as the axil
lo-axillary bypass [10] require exposure of the axil
lary artery in the infraclavicular region. 

The patient is placed in a supine position with 
the arm slightly abducted and rotated outward. 
The skin incision is made in the trigonum deltoi
deopectorale from the clavicle along the medial 
border of the deltoid muscle down to the border 
of the pectoralis major muscle, i.e., the anterior 
axillary fold (Figs. 18.4.14 and 18.4.15). The ce
phalic vein is located within the subcutaneous tis
sue between the deltoid and pectoralis muscles. 
It is preserved and serves as a guideline to the 
axillary vein, which lies deeper. Both muscles are 
retracted bluntly. The deep pectoralis minor mus
cle is exposed and divided close to its insertion 
at the processus coracoideus. Underneath the fatty 
tissue, the second segment of the axillary artery 

Fig. 18.4.1 5. upra- and infracla icular expo ure of lhe 
ve el for carotid-axillary b pa 

is exposed, preserving its branch, the acromioclavi
cular artery. The axillary vein is located medial 
to the artery and lateral to the brachial plexus. 
When dissecting the more distal arterial segment, 
one must be careful not to injure the brachial plex
us, branching off into three fasciculi surrounding 
the artery. 

The carotid-axillary bypass requires, in addi
tion to the infraclavicular exposure of the axillary 
artery, a small supraclavicular incision over the 
lateral insertion of the sternocleidomastoid mus
cle, which is divided. The common carotid artery 
can now be dissected medial to the jugular vein 
without division of the scalenus anterior muscle. 
The vascular prosthesis crosses the clavicle in the 
subcutaneous tissue; this sometimes causes prob
lems in slim patients. 
For an axillo-axillary bypass [10] the axillary ar
tery is exposed on both sides in the trigonum del
toideopectorale. The bypass is passed underneath 
the pectoralis muscle to the contralateral side. Fi
nally, the femoroaxillary bypass should be men
tioned. It is used in patients with bad general con
dition when no patent supra-aortic donor artery 
is available. Inguinal as well as infraclavicular ex
posure of the donor and recipient artery is re
quired. The graft is interposed subcutaneously 
along the anterior axillary line and passed down 
to the groin. 

3. Transaxillary Exposure of the Third and 
Fourth Segment of the Subclavian Artery 

See p. 565 ff. 
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G. Possibilities for Reconstruction 

The reader is referred to pp. 47ff. and 71 ff. for 
details of suture and anastomotic technique as well 
as selection of synthetic prostheses. 

Generally, four operative procedures may be 
used for occlusions of the proximal segment of 
the supra-aortic arteries: 

1. Transthoracic endarterectomy with or without 
patch graft 

2. Transthoracic bypass or patch graft 
3. Extrathoracic bypass 
4. Extrathoracic reimplantation 

The choice of reconstructive procedure to be used 
for the correction of stenoses or occlusions de
pends on various factors. 

1. Prevailing clinical symptoms: 
a) Carotid insufficiency or transient ischemic 

attacks 
b) Vertebrobasilar insufficiency 
c) Insufficient perfusion of the brachial artery 

2. Localization, extent, and multiplicity of sten
oses and occlusive disease 

3. Pathogenesis: degenerative (arteriosclerosis) or 
inflammatory processes (Takayasu's disease) 

4. Patency of the adjacent or efferent vessel serv
ing as donor artery 

5. Morbidity and mortality of the operative proce
dure 

6. General and cardiorespiratory condition of the 
patient 

Depending on the localization of the occlusion, 
several reconstructive procedures may be used. 

I. Occlusion of the Origin of the Left 
Subclavian Artery 

For occlusions at this location transthoracic as 
well as extrathoracic procedures may be consid
ered: 

1. Transthoracic Procedure (Fig. 18.4.16) 

1. Endarterectomy with or without patch graft an
gioplasty using a synthetic patch. This patch should 
extend into the descending aorta and beyond the 
origin of the vertebral artery (Fig. 18.4.16a). 

2. Resection of the occluded segment and re
placement with a synthetic prosthesis. Differences 
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Fig. 18.4.16a-c. Transthoracic reconstructions of an oc
cluded left subclavian artery 

in the lumen of prosthesis and vessel are overcome 
by using a tongue-shaped configuration for the 
anastomosis. Additionally, the first rib should be 
resected to avoid constriction or kinking of the 
bypass (Fig. 18.4.16b). 

3. Synthetic bypass graft from the descending 
aorta to the left poststenotic subclavian artery. In 
this case also, resection of the first rib is recom
mended (Fig. 18.4.16c). 

Note: During all these reconstructive proce
dures, one should be aware of the possibility of 
injury to the thoracic duct as well as the recurrent 
nerve in the left upper mediastinum [16] 
(Figs. 18.4.1,18.4.2, 18.4.4). 

2. Extrathoracic Procedure (Fig. 18.4.17) 

1. Synthetic bypass graft from the left common ca
rotid artery to the left subclavian artery. Today, 
the carotid-subclavian bypass is certainly the most 
commonly used method (Fig. 18.4.17a). Athero
matous lesions of the proximal segment are not 
treated using this procedure. 

If it is necessary to dissect the atheromatous 
lesions of the initial subclavian artery segment be
cause peripheral embolization has already oc
curred, the following two methods are indicated: 
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Fig. 18.4.17 a-d. Extrathoracic reconstructions of an oc- Fig. 18.4.18a-d. Extrathoracic reconstructions of occlu-
cluded left subclavian artery sions in both the left subclavian and left common carotid 

arteries 

2. Reimplantation of the left subclavian artery 
into the left common carotid artery without graft 
interposition (Fig. 18.4.17b). 

3. Reimplantation of the left subclavian artery 
into the left common carotid artery with graft inter
position (Fig. 18.4.17 c). Here again, the distal 
anastomosis is constructed in a tongue-shaped 
configuration in order to overcome the luminal 
discrepancy between prosthesis and artery. 

Interposition of a vascular prosthesis is always 
necessary when lesions extend into the segment II 
or III of the subclavian artery. Then, the vessel 
is often too short for implantation. Vascular le
sions at the origin of the vertebral artery may be 
treated by additional endarterectomy. 

4. Synthetic bypass graft from the right subcla
vian artery or axillary artery to the left subclavian 
or axillary artery (Fig. 18.4.17 d). 

These methods are seldom indicated because 
there is almost always the possibility of a short 
bypass procedure. The results with longer pro
sthetic bypasses are not as good as with short ones, 
primarily for hemodynamic reasons. 

Note: Because it lies adjacent to the left subcla
vian artery, the thoracic duct is in danger while 
the artery is being dissected at its origin at the 
aortic arch and also along its further course until 

it emerges from the thoracic outlet. This also has 
to be taken into consideration when using a su
praclavicular approach to the subclavian artery 
[16]. 

II. Occlusion of the Origin of the Left 
Subclavian Artery Combined with a Stenosis 
of the Left Common Carotid Artery 

In this case, the left common carotid artery cannot 
be used as the donor artery. 

1. Transthoracic Procedure 

In cases of occlusion of the initial segment of the 
left subclavian artery, together with a stenosis of 
the initial segment of the left common carotid ar
tery, all intrathoracic procedures, such as throm
boendarterectomy of both arteries, bifurcation 
prosthesis, or implantation of branching vascular 
grafts, have been superceded by the extrathoracic 
approach, which is significantly simplier and 
shows better results. 

2. Extrathoracic Procedure (Fig. 18.4.18) 

The following extra thoracic reconstructions for 
these occlusions are possible: 
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1. Synthetic bypass graft from the right common 
carotid artery to the left subclavian artery 
(Fig. 18.4.18a). This procedure serves only for the 
treatment of the subclavian steal syndrome. The 
stenosed carotid artery is not treated by this type 
of reconstruction, which is justified only if there 
is no carotid insufficiency of hemodynamic origin 
and there are no reports of transient ischemic at
tacks deriving from a source of emboli in the com
mon carotid artery. 

2. Synthetic bypass graft from the right common 
carotid artery, as donor artery, to the left subclavian 
artery and side-to-side anastomosis to the left com
mon carotid artery (Fig. 18.4.18b). If intraopera
tive pressure and flow measurement reveals a 
significant reduction of blood supply in the left 
carotid artery, then, in addition to the operative 
procedure described above under (1), a side-to-side 
anastomosis to the left common carotid artery is 
required. This procedure is also used in patients 
with mixed symptoms of subclavian steal syn
drome and cerebral vascular insufficiency of the 
carotid type. It is not recommended, however, if 
the patient has already suffered from recurrent 
transient ischemic attacks. 

3. When there are additional transient ischemic 
attacks due to microembolisms, as revealed by the 
patient's history, then the common carotid artery 
must be divided distal to the atheromatous lesions 
and the peripheral segment of the common carotid 
artery implanted into the prosthesis in order to 
exclude the source of embolism (Fig. 18.4.18c). 

4. Synthetic bypass graft from the right to the 
left subclavian artery or from the right to the left 
axillary artery (Fig. 18.4.18 d). In this case also, 
only the subclavian steal syndrome is treated. The 
inferior results of this bypass have already been 
mentioned. 

Fig. 18.4.19a-b. Transthoracic reconstructions of a ste
nosis at the origin of the left common carotid artery 

O. THETIER and R.J.A.M. VAN DONGEN 

m. Stenosis of the Origin of the Left 
Common Carotid Artery 

1. Transthoracic Procedure (Fig. 18.4.19) 

1. Endarterectomy of the stenosed segment 
(Fig. 18.4.19a). Following thromboendarterec
tomy the arteriotomy should always be closed with 
a patch graft extending into the aortic arch and 
into the healthy segment of the carotid artery. The 
indication for this procedure is severe stenosis 
causing insufficient perfusion of the carotid artery 
or the localization of the source of embolism in 
this segment. If the occlusion is caused by Takaya
su's disease, thromboendarterectomy should never 
be attempted because one cannot find a dissection 
plane with this inflammatory disease. 

2. Resection of the occluded segment and re
placement with a graft (Fig. 18.4.19b). In cases of 
inflammatory disease not allowing endarterectomy 

Fig. 18.4.20a-e. Extrathoracic reconstructions of a ste
nosis at the origin of the left common carotid artery 
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(Takayasu's disease), the occluded segment should 
be resected and replaced with an interposition 
graft. Here, too, differences in the lumina may be 
overcome by means of a tongue-shaped anastomo
SIS. 

2. Extrathoracic Procedure (Fig. 18.4.20) 

It is simplier and of lower risk to use one of the 
following extrathoracic procedures rather than a 
transthoracic reconstruction. In the first place one 
of the two adjacent arteries, the left subclavian 
artery or the right carotid artery, may serve as 
the donor artery. 

1. Synthetic bypass graft from the left subcla
vian artery to the left common carotid artery 
(Fig. 18.4.20a). 

2. Synthetic bypass graft from the right to the 
left common carotid artery (Fig. 18.4.20b). This is 
the simplest procedure. However, it can only be 
performed when the right common carotid artery 
is completely patent. 

3. Reimplantation of the left common carotid ar
tery into the left subclavian artery (Fig. 18.4.20c). 
If the patient is suffering from transient ischemic 
attacks, the vessel should be divided and implanted 
into the left subclavian artery in order to exclude 
the source of embolism. 

4. Reimplantation technique with interposition 
of vein or synthetic graft (Fig. 18.4.20d). If the ar
teriosclerotic lesions involve too long a segment 
of the common carotid artery, the left common 
carotid artery can be implanted into the left sub
clavian artery only after interposition of a vein 
or prosthetic graft. 

5. Reimplantation of the left common carotid ar
tery into the right common carotid artery 
(Fig. 18.4.20e). Reimplantation of the left com
mon carotid artery into the right common carotid 
artery is also performed for the most part with 
interposition of a synthetic (or venous) graft. This 
procedure also serves to exclude the source of em
bolism in cases of transient ischemic attacks. This 
bypass is used especially when the left subclavian 
artery also shows degeneration and cannot be re
garded as completely patent. 

IV. Occlusion of the Initial Segment 
of the Right Subclavian Artery 

Occlusions of the proximal right subclavian artery 
may also be treated using a transthoracic as well 
as an extrathoracic procedure. 

1. Transthoracic Procedure (Fig. 18.4.21) 

1. Endarterectomy with or without a patch graft 
(Fig. 18.4.21 a). The patch should extend into the 
innominate artery and beyond the origin of the 
vertebral artery. 

2. Synthetic bypass from the ascending aorta to 
the right subclavian artery (Fig. 18.4.21 b). This 
procedure is somewhat more complicated than the 
left aortosubclavian bypass because the superior 
vena cava narrows the exposure of the operative 
field . 

2. Extrathoracic Procedure (Fig. 18.4.22) 

3. Prosthetic bypass from the right common carotid 
artery to the right subclavian artery (Fig. 18.4.23). 

Fig. 18.4.21 a, b. Transthoracic reconstructions of an 
occlusion of the right subclavian artery 

Fig. 18.4.22a-d. Extrathoracic reconstructions of an 
occlusion of the right subclavian artery 
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'This carotid-subclavian bypass - like the corre
sponding procedure on the left side - represents 
the simplest and the most commonly used proce
dure. 

4. Reimpiantation of the right subclavian artery 
into the right common carotid artery (Fig. 
18.4.22d). This approach is highly recommended 
because it avoids the use of synthetic material. 

5. Reimpiantation of the right subclavian artery 
into the right common carotid artery with graft in
terposition (Fig. 18.4.22c). When a direct implan
tation of the right subclavian artery into the right 
common carotid artery is impossible because the 
stump is too short owing to advanced arterioscle
rotic lesions, it may be necessary to interpose a 
graft that has been trimmed so as to achieve a 
tongue-shaped anastomosis. 

6. The subclavian-subclavian or axillo-axillary 
bypass should be restricted to exceptional cases 
because of inferior results related to the length of 
the graft and because of the unfavorable hemody
namics (Fig. 18.4.22d). 

V. Occlusion of the Innominate Artery 

When there are no contraindications, the transtho
racic approach should be preferred. 

Fig. 18.4.23a-d. Transthoracic reconstructions of an 
occlusion of the innominate artery 

o. THETIER and R.l.A.M. VAN DONGEN 

1. Transthoracic Procedure (Fig. 18.4.23) 

1. Endarterectomy with patch graft (Fig. 18.4.23 a). 
Following dissection of the thrombus, a patch 
graft should always be employed, extending proxi
mally into the aortic arch and distally either into 
the common carotid artery or into the subclavian 
artery, or Y-shaped into both arteries. 

2. Resection and graft interposition (Fig. 
18.4.23 b). In cases of extensive arteriosclerotic le
sions or chronic occlusion of the innominate ar
tery, the occluded segment may be resected and 
replaced with a graft. The distal end of the anasto
mosis, which should be tongue shaped, can extend 
into either the common carotid or the subclavian ar
tery or, using a Y-configuration, into both arteries. 

3. Synthetic bypass graft from the ascending 
aorta to the right subclavian artery or to the right 
common carotid artery (Fig. 18.4.23c, d). 

All three methods mentioned are used in patients 
with subclavian steal syndrome or insufficient 
blood supply to the arm. Using the first and sec
ond method, i.e., endarterectomy and resection of 
the occluded segment, a possible source of embo
lism is also excluded. 

When using the first two methods, as well as 
methods described in Sect. lVi, one must cross-

Fig. 18.4.24a-d. Extrathoracic reconstructions of an 
occlusion of the innominate artery 
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clamp not only the innominate artery, but also 
the right carotid and subclavian arteries, and the 
right vertebral artery as well. Therefore, it is advis
able to use an intraluminal shunt in order to avoid 
insufficient perfusion of the brain intraoperatively. 

2. Extrathoracic Procedure (Fig. 18.4.24) 

In patients in whom a sternotomy is contraindicat
ed, one of the following extrathoracic operative 
procedures may be used. First, two methods tap
ping the left common carotid artery: 

4. Prosthetic bypass from the left common caro
tid artery to the right common carotid artery 
(Fig. 18.4.24a). 

5. Prosthetic bypass from the left common caro
tid artery to the right subclavian artery 
(Fig. 18.4.24 b). 

The left subclavian artery may also be used as 
donor artery. 

6. Prosthetic bypass from the left subclavian ar
tery to the right common carotid artery 
(Fig. 18.4.24c). 

7. Prosthetic bypass from the left subclavian ar
tery to the right subclavian artery - with the poor 
results already mentioned (Fig. 18.4.24d). 

The last two methods are used only when the left 
common carotid artery is not completely patent 
and therefore cannot be tapped. 

VI. Multiple Occlusions in the Region 
of the Supra-aortic Branches 

In cases of multiple occlusions, a single patent aor
tic branch may serve as the donor artery. From 
this patent branch, those occluded vessels showing 
a high pressure gradient are anastomosed using 

Fig. 18.4.25. Bilateral subclavian artery stenosis. 
Saphenous vein bridge graft, tapping the right carotid 
artery 

a bridge graft (Fig. 18.4.25). However, in the liter
ature there is controversy as to how great the pres
sure gradient must be before a bridge graft is indi
cated. 

If all supra-aortic arteries are stenosed or oc
cluded, the femoral artery may serve as the donor 
artery. Here, the supply is established in the form 
of a femoroaxillary prosthetic bypass. 

H. Complications 

Bleeding is the predominant intraoperative com
plication. The most frequent causes are coagu
lation disturbances, porous prostheses, bleeding 
from suture canals, or leaking sutures on the pos
terior wall of the anastomosis, which can be diffi
cult to reach. Especially with the supraclavicular 
approach to the subclavian artery, one must be 
sure to cross-clamp the initial segments securely. 
Otherwise, division of the artery may produce a 
life-threatening hemorrhage deep in the thorax, 
which would necessitate an immediate emergency 
thoracotomy. 

Postoperative bleeding should also be men
tioned as well as paresis of the recurrent and 
phrenic nerves. If the thoracic duct has been in
jured, the postoperative chylothorax must be treat
ed by means of a chest tube with continuous suc
tion. If a lymph fistula does not close spontaneous
ly within 10 days, there is no other choice but to 
operate. 

I. Reintervention 

Reintervention is necessary if there is bleeding in 
the operative field or early or late occlusion of 
the reconstructed vascular segment. If the occlu
sion is not clearly demonstrated by palpation, aus
cultation, or Doppler ultrasonography, an angio
gram of the region in question is absolutely neces
sary. 

During revision of the operating field , not only 
should thrombectomy of the occluded vessel or 
of the prosthesis be performed, but one should 
also look for the causes, including operative errors, 
which absolutely must be corrected. 
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K. Summary 

The therapeutic concept presented has evolved 
over the last several years through the continuing 
analysis of clinical and morphological results. Nat
urally, a pat solution is not possible for each an
giologically proven lesion of the vascular system. 
However, the principles outlined here may serve 
as a helpful guide in patient selection and in the 
choice of the optimal reconstructive procedure. 
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A. Anatomy 

The arteries of the upper extremities are only inter
mittently located near the surface and are there
fore, generally speaking, not easily accessed for 
reconstruction. In particular, the clavicle and the 
greater and smaller pectoral muscles offer very 
considerable protection to the underlying artery. 
But all too often they are also an extravasal factor 
in arteriosclerotic occlusions. In addition there is 
the close proximity to the fascicles of the brachial 
plexus, of which the ulnar and median nerves ac
company the artery. By contrast, the brachial ar
tery, which is accompanied only by the median 

B. Indications for Reconstruction 
of Chronic Occlusions of Upper Extremity 
Arteries 

Chronic occlusions of the upper extremity repre
sent only a small spectrum within the whole com
plex of arterial occlusive disease. Only 10% of all 
arteriosclerotic occlusions are located in the upper 
extremity; 70% of these are located in the distal 
forearm and the finger arteries, only 27% in the 
region of the subclavian and axillary artery, and 
2.4% in the region of the brachial artery [1]. Oc
clusions in these arteries are predominantly short. 
An important factor in the localization of lesions 
is compression by surrounding anatomic features 
(e.g., in the costoclavicular segment, see p. 552). 
Nondegenerative inflammatory angiopathies are 
often the cause of brachial occlusion. Stress isch
emia may also be caused by an unnoticed blunt 
injury of the artery following trauma to the 
shoulder or elbow joint [6]. 

Usually, there are excellent collaterals bypass
ing such occlusions of the upper extremity, owing 
to the axillary network and the network of the 
elbow joint, so that surgery is indicated only in 
selected cases. The indication is especially strong in 
patients in whom the upper extremity is extremely 
stressed by manual work or in whom additional 
acral occlusions are present [3]. Also, microembo
lism deriving from stenosed and ulcerated vascular 
segments may necessitate an operation, even with
out symptoms of chronic ischemia. In addition to 
the clinical picture, the indication for surgery de
pends on the extent of the occlusion as demon
strated angiographically. Precise analysis of the 
pre- and postocclusion vascular bed is of decisive 
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significance for planning an operative procedure. 
Nowadays, this is achieved by trans femoral cathe
ter angiography of the upper extremity arteries, 
which is without doubt the simplest procedure [7]. 
A significant supplementation and simplification 
is represented by digital subtraction angiography 
(DSA), which provides a sufficiently exact analysis 
of details, at least of the central segment of the 
brachial artery in many cases. Furthermore, it is 
much less troublesome for the patient. Usually re
constructive procedures of the subclavian, axillary, 
and brachial arteries require time-consuming dis
section and multiple incisions, so that it is usually 
best to perform the procedure under intubation 
anesthesia. Only for reconstructions of the distal 
brachial artery is regional anesthesia sensible and 
adequate. 

Approach to the 
subclavian a. 

Approach to the 
axillary a 

Skon IncIsion for the IMial 
segment of the aXillary a. I 

~" ---
Skin InciSion for the 
Inal segment of the 
brachial a and forearm a. 

Skin inCISion for the third 
segment of the aXillary a. 

and the brachial a. 

a 

b 

Fig. 19.1. a Positioning and skin incision for the ap
proach to the subclavian and axillary arteries. b Posi
tioning and skin incision for the approach to the brachial 
artery 
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C. Operative Procedures for Distal 
Subclavian Occlusions 

I. Positioning and Draping 

For reconstructions of distal subclavian artery oc
clusions in the costoclavicular space, supraclavicu
lar and infraclavicular incisions are routinely re
quired. Therefore, the patient is in a supine posi
tion, the upper part of the body being slightly ele
vated, the head hyperextended and turned to the 
opposite side (Fig. 19.1 a). This provides broad ac
cess to the supraclavicular fossa [4, 5]. The skin 
in the area of the mammary region, axillary region, 
and the lateral triangle of the neck is disinfected 
widely and covered with a sterile drape, the caudal 
end of the drape being at the level of the axillary 
fold. The median border is represented by the ster
num and the jugulum. A drape is placed above 
as far as the acromion and so as to leave access 
to the supraclavicular fossa; from the acromion 
the drape runs downward following the contour 
of the shoulder. It has been found beneficial to 
place plastic incisional drape over the carefully 
dried skin. 

Alternatively, a transaxillary approach may be 
used, as described on p. 559. This approach has 
the advantage of simultaneous resection of the first 
rib. 

n. Exposure of the Subclavian Artery 

The skin incision is made in the supraclavicular 
fossa, parallel to the clavicle, from the lateral 
border of the sternocleidomastoid muscle for a dis
tance of 6 m (Fig. 19.1 b; see p. 518). For the re
construction of the distal subclavian artery, how
ever, it is not necessary to divide the anterior sca
lene muscle, because the arteries can be mobilized 
over a sufficient length to allow an anastomosis. 

ID. Exposure of the AxiUary Artery 
in Mohrenheim's Fossa 

An oblique incision is made according to the 
course of Mohrenheim's fossa (Fig. 19.2a). Fol
lowing division of the skin and the subcutaneous 
tissue, dissection is most easily performed follow
ing the cephalic vein as a guideline into the depths 
of the fossa. The cephalic vein is retracted ventrally 
and all lateral tributaries are divided. Following 



19 Chronic Occlusions of the Upper Extremity Arteries 

Subclavian m 

NClllary a. and v. 

Thoracoacromial a _/,...::~-=::::::::;~~~ 

Brachial plexus --,~-,;.I~~~ 

PectoraliS minor m --;--~.,;..A,:U: ~ 

Deltoid m 

Cephahcv 

Pectoralis 
maJorm. 

3 

Fig. 19.23, b. Approaches to the initial segment of the 
axillary artery [5, 8]. a Deltoideopectoral approach to 
the axillary artery. b Subclavicular approach to the axil
laryartery 

insertion of a retractor between the deltoid and 
the pectoralis major muscle, the artery is usually 
found without difficulty in the soft tissue caudal 
to the clavicle. Special care must be taken not to 
injure the portion of the brachial plexus passing 
lateral to the artery. The artery is dissected off 
the periadventitial tissue, and a tape is placed 
around it. In order to expose a segment of the 
axillary artery sufficiently long for anastomosis, 
it is usually necessary to incise or to divide the 
pectoralis minor muscle along the course of the 
artery. Usually, no clinically relevant functional 
disorders result from this myotomy. Following in
cision or division of the pectoralis minor muscle, 
access to the infragenicular segment of the axillary 
artery is achieved over a distance of 5 cm. Special 
care should be taken not to injure the thoracoacro
mial artery, which branches off ventromedially 
from the axillary artery in this region (Fig. 19.2a). 

IV. Osteotomy of the Clavicle [2] 

The junction of the subclavian artery and axillary 
artery is usually best approached in a supra- and 
infraclavicular incision. The segment in between 
can be bridged without difficulty using this ap
proach. Only in exceptional cases, e.g., in a throm
bosed aneurysm with significant fibrous reaction 
in the surroundings, it may be necessary to dissect 
the whole length of the axillary and subclavian 
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artery. In this case, the skin incision is made from 
the supraclavicular fossa in a curve over the clavi
cle into Mohrenheim's space (Fig. 19.1 a). As de
scribed before, the subclavian artery is exposed 
first in the supraclavicular region and a tap'e is 
placed around it. Mterwards, the axillary artery 
is exposed in Mohrenheim's space. In the region 
of the clavicle, the subcutaneous tissue is divided 
down to the periost. The clavicular head of the 
pectoralis major muscle is incised and the subcla
vian muscle divided (Fig. 19.5a). Special care 
should be taken to dissect the dorsal circumference 
of the clavicle, or it should be digitally dissected 
off the vessels. The subclavian vein is in special 
danger during this maneuver. Using an oscillating 
drill, the clavicle is divided transversely at the level 
of the subclavian artery, which crosses behind it. 
Remaining tissue bands are divided with scissors. 
The median and lateral portions of the clavicle 
are retracted with two sharp hooks, and a self
retractor is inserted. Following this dissection, the 
subclavian or axillary arteries are exposed from 
the scalene space to Mohrenheim's fossa. 

Following reconstruction of the subclavian ar
tery, both portions of the clavicle are approximat
ed and fixed in an anatomically correct position 
by means of a plate conforming to the ventral con
tour of the clavicle and fixed in place with traction 
screws (Fig. 19.5d). 

v. Thromboendarterectomy of the Subclavian Artery 

The dissection of the arteriosclerotic thrombus oc
cluding the vessel may be performed either as an 
open or as a semiclosed endarterectomy with a 
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a 

b 

c 

Fig. 19.3a-c. Semiclosed endarterectomy of the distal 
subclavian artery. a Supra- and infraclavicular incision. 
b Technique for endarterectomy of the subclavian artery 
using a ring stripper. c Following endarterectomy, clo
sure of the arteriotomy with a vein Plltch 

ring stripper [9]. Prior to the semiclosed endarterec
tomy, the subclavian artery is cross-clamped proxi
mally in the scalene space with an atraumatic 
clamp, and the axillary artery is similarly clamped 
in the region of Mohrenheim's fossa. In the region 
of the axillary artery (the infraclavicular segment) 
a ventral longitudinal incision is made over a dis
tance of 1.5-2 cm following additional cross
clamping of the thoracoacromial artery (Fig. 
19.3a). A similar incision is made at the ventral 
circumference of the subclavian artery in the su
praclavicular fossa. The thrombus is carefully de
tached with a spatula, and an adequate outer 
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Fig. 19.4. Principle of vascular endoscopy with a flexible 
endoscope and simultaneous flushing [9] 

cleavage plane is established. A ring stripper is 
inserted and the thrombus is dissected by pushing 
the stripper in spirals and with slight pressure up 
to the central incision. In the region of the central 
incision, the arteriosclerotic lesion will become free 
at a point where it is thin, leaving a smooth taper
ing end point. Since the free edge of the intima 
lies in the direction of the bloodstream, it is not 
necessary to tack it down with interrupted sutures. 
It is of course extremely important that the results 
of a semiclosed endarterectomy are assessed intra
operatively. This can be done by inspecting the 
thrombus and carefully noting any ledges in the 
dissection plane. Today, however, intraluminal 
evaluation, using a flexible endoscope [9], is con
sidered more reliable; with this technique, the arte
rial wall can be inspected to determine whether 
any intimal flaps remain (Fig. 19.4). The arterio
tomy is closed with a small venous patch, using 
a continuous over-and-over suture. Prior to com
pletion of the suture line the proximal and distal 
clamps are alternately released for a brief time in 
order to flush out any thrombi that may have 
formed (Fig. 19.3b). Following stepwise removal 
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Fig. 19.5a-d. Open endarterectomy of the distal subcla
vian artery. a Exposure of the subclavian and axillary 
artery and osteotomy of the clavicle [4, 5, 8]. b Open 
endarterectomy of the subclavian artery. c Closure of 
the arterotomy with a vein patch. d Osteosynthesis of 
the clavicle 

of the clamps, Redon drains are placed in the su
pra- and infraclavicular regions. The wound is 
closed in the supraclavicular region by suture of 
the platysma and the subcutis as well as the skin. 
In the infraclavicular region, the partially incised 
pectoralis major muscle is approximated by inter
rupted sutures. Afterwards, the subcutaneous tis
sue and the skin are closed (Fig. 19.3c). 

To perform an open thromboendarterectomy one 
must follow the approach mentioned above (see 
p. 529), including osteotomy of the clavicle 
(Fig. 19.5a). Then, the subclavian artery is ex
posed over its whole length, from the scalene space 
to the axillary artery. Following proximal and dis
tal cross-clamping, a longitudinal incision is made 
at the ventral circumference of the occluded arteri
al segment. The thrombus is dissected with a spat
ula. 

Care should be taken not leave floating intimal 
flaps following dissection (Fig. 19.5b). The inci
sion must extend beyond the intimal shelf proxi
mally as well as distally to prevent a free edge 
of the intima from being rolled up, resulting in 
a thrombosis. This may occur especially at the dis-
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tal end point. The arterotomy is finally closed with 
a vein patch (distal greater saphenous vein) su
tured in place using a continuous over-and-over 
technique. Also in this case, before completion of 
the suture line, the clamp is removed to flush out 
possible thrombi. Following placement of two Re
don drains, the clavicle is approximated and fixed 
by means of a plate (Fig. 19.5c, d). The wound 
is then closed according to the approach for sepa
rate incisions. 

VI. Bypass 

Endarterectomy is a very demanding procedure, 
involving precise intraoperative control of the re
sults of disobliteration. From the technical stand-
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point, bypassing the occluded segment is signifi
cantly simpler and is therefore preferred over 
thromboendarterectomy in the majority of cases. 
The approach is through a supra- and infraclavicu
lar incision (Fig. 19.6). Following exposure of the 
axillary and subclavian artery distally in the cos
toclavicular space, a tunnel is formed dorsal to 
the clavicle for later pull-through of the graft. If 
the costoclavicular space is sufficient, the graft can 
be pulled through without difficulty. However, if 
the costoclavicular space is relatively narrow, it 
is sensible to resect this segment of the artery after 
proximal and distal cross-clamping to provide en
ough space for the graft. The lumen of the subcla
vian or axillary artery largely determines the graft 
material. When the subclavian artery is 6 mm or 
more in diameter, a double-velour Dacron pros
thesis or a PTFE prosthesis may be used. When 

b 

Fig. 19.6a, b. Subclavian-axillary bypass - distal anasto
mosis. a End-to-side anastomosis with loose stitches. 
b Completed anastomosis 
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the diameter is 5 mm or less, a vein graft is strongly 
recommended. 

1. Vein Bypass 

Following exposure of the subclavian and axillary 
arteries, an incision is made anterior to the ipsilat
eral medial malleolus for harvesting a sufficiently 
long segment of the greater saphenous vein. After 
harvesting the graft, it is turned end for end (vein 
valves!) and marked with a clamp. The distal end 
of the vein graft is anastomosed first, then the 
proximal end. A longitudinal incision is made in 
the vein graft corresponding to the 1.5-cm ventral 
incision in the axillary artery, and the projecting 
flaps are trimmed off. The anastomosis is per
formed by continuous suture using 5- 0 or 6-0 
monofilament suture material. It has been found 
beneficial to start the continuous suture at the 
proximal corner of the incision. At first, the con
tinuous suture is kept very loose so that every 
stitch at the proximal corner of the anastomosis 
can be carefully inspected (Fig. 19.6a). Then the 
suture is tightened as the vein is guided gently into 
position in the proximal corner. The continuous 
over-and-over suture commences again on the side 
away from the surgeon and proceeds toward and 
around the distal end of the anastomosis 
(Fig. 19.6b). The other end of the suture is used 
to complete the anastomosis. Then, using a long 
forceps, the vein is carefully passed behind the cla
vicle and brought into the proper position, care 
being taken not to twist it. The vein is tailored 
under slight tension and anastomosed to a ventral 
incision in the subclavian artery in the same man
ner as that just described. Here, too, just prior 
to completion of the suture, the segment is flushed 
briefly by releasing the clamps (possible thrombi). 

To avoid bypass thrombosis, VAN DONGEN gen
erally recommends resection of the first rib when 
using a transaxillary approach (p. 559). 

2. Prostheses 

If the vessel caliber is large enough, prosthetic ma
terial may also be used for this segment. Most 
suitable are prostheses made of PTFE or double 
velour Dacron. The anastomosis is performed in 
the same way as when using a vein. However, when 
inserting double-velour Dacron prostheses, it is 
important that the proximal anastomosis be per
formed first so that the prosthesis can be clotted 
by repeated flushing with blood. Vascular pros-
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Fig. 19.7. Subclavian-axillary bypass. End-to-end anas
tomosis and situation following completed anastomosis 

theses made of expanded PTFE material (Gore
Tex, Impra) are inserted using the same sequence 
of steps as with the vein graft. If the costoclavicu
lar space does not allow the graft to be pulled 
through (risk of compressing the graft), the arterial 
segment must be resected. Then, at both the proxi
mal and distal ends, a beveled end-to-end anasto
mosis is constructed, preferably with a longitudi
nal diameter of 1.5 cm. The loose suture technique, 
allowing inspection of the corner stitches, is rec
ommended in this instance also (Fig. 19.7). 

D. Operative Procedures for Occlusions 
of the Axillary Artery 

I. Positioning and Draping 

Axillary artery occlusions require reconstruction 
extending from the infraclavicular axillary artery 
to the brachial artery. Therefore, it is necessary 
to abduct the arm [4, 5]. The patient is placed 
on the operating table in a supine position with 
the arm abducted at a right angle and placed on 
a separate arm table. The supraclavicular fossa, 
the anterior wall of the thorax, the axillary region, 
and the whole upper arm are disinfected and 
draped. The forearm is wrapped to the elbow in 
a sterile drape. The surgeon stands caudal to the 
abducted arm. With sterile drapes placed around 
the operative field, the skin is covered with a trans
parent incisional drape. 

II. Exposure of the Axillary Artery 
and the Proximal Brachial Artery 
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With the arm abducted at a right angle, the cla
vicular head of the pectoralis major muscle almost 
completely covers the axillary artery. Therefore, 
it is necessary to make an infraclavicular skin inci
sion parallel to the clavicle (Fig. 19.1), starting me
dial to the configuration of the deltoid muscle and 
extending about 8-10 cm. Following division of 
the skin and the subcutaneous tissue, the pectoralis 
major muscle is found deep within. It is incised 
parallel to the clavicle and 1 cm caudal to the in
sertion, using an electro surgical knife. Smaller ves
sels of the muscle are coagulated. Following inser
tion of a retractor, the axillary artery may be ex
posed by deep blunt dissection. The axillary vein, 
usually passing somewhat ventromedially, often 
has to be retracted medially (Fig. 19.8). Usually 
this segment of the axillary artery cannot be mobi
lized sufficiently through this incision. The fibers 
of the pectoralis minor muscles crossing obliquely 
are either incised or completely divided to expose 
the isolated axillary artery over a sufficient length. 
Special care must be taken that the adjacent fasci
cles of the brachial plexus are not injured intra
operatively, e.g., by cautery or dissection. The ar
tery is exposed circumferentially and a tape is 
placed around it. 

MedIan n DeltoId m BrachIal plexus 

BIceps m I Axillary a and v 

Ulnar n \ ) 

Fig. 19.8. Exposure of the first and third segments of 
the axillary artery [4, 5, 8] 
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The proximal segment of the brachial artery 
is found in the medial bicipital groove of the upper 
arm (Fig. 19.8), which is easily located by palpa
tion. The skin incision begins at the groove, which 
is in the proximal third of the upper arm, and 
continues ventrally in a curve along the contour 
of the pectoris major muscle (Fig. 19.1). Following 
division of the skin and the subcutaneous tissue, 
the brachial fascia is split and dissection carried 
out in the depths of the medial bicipital groove. 
The medial cutaneous nerve of the forearm is also 
located here; it must be preserved at all costs in 
order to avoid postoperative paresthesia and hy
peralgesia. Medially and deep, the brachial vein 
is found. Laterally and somewhat deeper lies the 
brachial artery, with the median nerve in close 
proximity. The nerve must be dissected off the ar
terial sheath. The brachial artery as well as the 
profunda brachii artery are isolated circumferen
tially, and tapes are placed around them. When 
dissecting, it is often necessary to retract the upper 
edge of the pectoralis major muscle in the direction 
of the axillary fossa with a hook. If the operative 
field is insufficient for exposure of the brachial 
artery, it may become necessary to incise the pec
toralis major muscle at this site. This provides ac
cess to a long segment of the brachial artery. 

Ill. Thromboendarterectomy of the Axillary Artery 

Usually, angiography does not reveal whether an 
occlusion of the axillary artery is due to arterio
sclerosis, arteriitis, or to trauma. Therefore, one 
usually decides intraoperatively which type of re
construction is to be used. Thromboendarterec
tomy has the advantage that it can be performed 
quickly by means of two incisions. A disadvan
tage, however, is that proper evaluation of the re
sults of disobliteration requires painstaking exami
nation of the lumen. Following exposure of the 
axillary and brachial artery, and following central 
and peripheral cross-clamping of the artery as well 
as of the tributaries, a longitudinal incision is made 
in the infraclavicular segment of the axillary artery 
as well as in the brachial artery at the level of 
the origin of the profunda brachii artery, whenever 
possible (Fig. 19.9 a, b). The distal incision must 
be made in such a way that the thrombus can 
be loosened from the arterial wall with a spatula 
and then completely dissected free by means of 
a ring stripper. The spiraling movement of the ring 
stripper should not be forced or jerky; otherwise, 
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Fig. 19.9a, b. Endarterectomy of the axillary artery. 
a Serniclosed endarterectomy of the axillary artery with 
a ring stripper, then closure of the arterotomy using 
a vein patch (b) 

one risks perforation of the arterial wall. After 
the thrombus has been dissected as far as the prox
imal incision, it is cut free from the normal intima, 
leaving a smooth transition zone. 

We have found it very useful to check the opera
tive result by intraoperative vascular endoscopy 
and to remove any remaining intimal flaps, as 
these may be the source of recurrent stenoses [9]. 
After the lumen has been checked, the arterioto
mies are closed using venous patch grafts. The 
graft material can be harvested either from the 
basilic vein, using the same incision, or from the 
greater saphenous vein, for which purpose an inci
sion must be made anterior to the ipsilateral me
dial malleolus. The suturing is begun using the 
loose stitch technique, which insures precise suture 
placement and thereby guards against the possible 
formation of stenoses at the corners of the anasto
mosis; 5-0 or 6-0 monofilament suture material 
should be used. Before completion of the suture 
line, the clamps are released briefly in order to 
flush out any clots thay may have formed. Follow
ing a careful check for hemostasis, Redon drains 
are put in place, the separated portions of the pec
toris major muscle are approximated, and the 
wound is closed layer by layer. 

IV. Vein Bypass or Graft Interposition 

The exposure of the axillary and brachial arteries 
is performed in the same way (Fig. 19.8). Follow
ing exposure of the arterial segments to be anasto-
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mosed, an appropriate segment of the greater sa
phenous vein of sufficient caliber is harvested from 
the lower leg. If the vein cannot be used because 
of postthrombotic or varicose lesions, the central 
segment of the greater saphenous vein at the thigh 
may have to be used. The harvested vein graft 
is kept for the time being in Ringer's solution, 
with the proximal and distal ends clearly marked. 
Following cross-clamping, the brachial and axil
lary arteries are incised on their ventral aspect in 
a region that is definitely free of stenoses. The 
vein is turned end for end, incised to match the 
length of the anastomosis, and the excess edges 
are trimmed. Simultaneously, the arteriotomy is 
tailored to a slightly elliptical shape to avoid over
correction and pseudodilation (Fig. 19.10a). Using 
a loose suture technique, the base of the vein is 
sutured to the proximal comer of the arteriotomy 
of the brachial artery by a 5-0 or 6-0 monofila
ment suture. The anastomosis is then completed, 
beginning on the side away from the surgeon, us
ing a continuous over-and-over suture. At the dis
tal end of the anastomosis one must be careful 
not to catch too much wall when suturing as the 
resultant plications may lead to stenoses. After the 
distal corner has been sutured, the anastomosis 
is completed on the side nearer the surgeon, using 
the other half of the suture and proceeding distal
ly. Finally, both sutures are tied together. After
wards, the vein graft is cross-clamped at the base 
of the anastomosis and blood is allowed to enter 
the old vascular bed. It is advisable in this phase 
of the operation to fill the vein with heparinized 
saline solution and to occlude the central end with 
a bulldog clamp. A tunnel is formed digitally from 
the axillary artery along the vessel as a guideline 
and behind the pectoralis minor and major mus
cles down to the brachial artery. Holding the bull
dog clamp (marker) with a forceps, one pulls the 
vein graft through to the proximal arterial inci
sion. The vein must not lie too loosely in place, 
and above all, it must not be twisted, as this might 
result in a stenosis. Once the vein has been pulled 
through, it is tailored to the proper length, special 
attention being given to the dorsoventral edge. The 
distal end of the vein is then anastomosed to the 
axillary arteriotomy in the manner already dis
cussed, using 5-0 or 6-0 monofilament suture and 
stitching loosely at first, then later tightening the 
suture (adaptation of vein and artery). In this case, 
too, the anastomosis is begun on the side away 
from the surgeon using a continuous suture and 
passing the proximal edge of the anastomosis. Us-
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Fig. 19.10a-c. Axillobrachial bypass. a End-to-side 
anastomosis of a vein graft. b Situation following com
pletion of the anastomosis. c End-to-end anastomosis 
with exclusion of the axillary artery 

ing the other half of the suture, the anastomosis 
is completed, from the distal to the proximal end. 
Before completion of the suture the flow is checked 
by brief flushing. After the suture has been tied, 
the clamps are removed (Fig. 19.10b). Following 
a bypass procedure an intraoperative check should 
be performed to ensure that there are no technical 
errors making early reocclusion likely. In this vas
cular region, intraoperative angiography is rather 
difficult to perform. It may sometimes be possible 
with a C-arch and the camera fixed to the ceiling. 
Intraoperative flow measurement has proven use
ful as an alternative. Here, what is important is 
the increase in flow following release of the clamps 
as compared with the flow prior to reconstruction. 

Usually, this end-to-side technique is preferred 
over an end-to-end technique because it is easier 
to perform. Occasionally, however, if the arterial 
wall is extremely fibrous or if it has been destroyed 



536 

in an attempted endarterectomy, it may be neces
sary to exclude the axillary artery. Extensive dis
section and resection of the entire axillary artery 
is time consuming and does not provide any ad
vantage over simple ligation. In this case, too, the 
reconstruction starts at the distal anastomosis. 
Care must be taken to bevel the artery and vein 
over a long enough distance - about 1.5 em - as 
a safeguard against suture-related stenosis 
(Fig. 19.10c). The ventral aspect of the artery is 
incised to the appropriate length, and a corre
sponding incision is made in the caudal end of 
the vein. Edges are rounded to avoid pseudodilata
tion of the anastomosis. The end of the artery is 
sutured to the anastomotic base of the vein using 
a 5--0 or 6-0 monofilament suture. Both vessels 
are approximated by tightening the suture. Then, 
the suture lying on the side away from the surgeon 
is used to sew the lateral edge of the anastomosis. 
Care must be taken to avoid the plication effect 
that results when the sutures are placed too far 
apart. In particular, one must guard against a ste
nosis at the distal corner. Therefore, when suturing 
the end of the anastomosis, the sutures should be 
placed as close together as possible. When the su
ture line has been brought around the distal end, 
the remaining portion of suture is used to complete 
the anastomosis; and the two suture ends are tied 
together. Following completion of the anastomo
sis, the vein is filled with Ringer's solution in the 
same way as with the end-to-side anastomosis, and 
the ventral and dorsal edges are marked with a 
bulldog clamp. A tunnel is created digitally. Then, 
the vein is pulled through the tunnel with a long 
forceps to the site of the proximal anastomosis. 
Following determination of the appropriate 
length, the vein is shortened and tailored. The 
proximal anastomosis is performed using the same 
technique as for the distal anastomosis. Concern
ing intraoperative control, the same principles ap
ply as earlier described. 

E. Operative Procedures for Brachial 
Artery Occlusions 

I. Positioning and Draping 

Occlusive disease of the brachial artery usually in
volves a long segment. This may extend from the 
origin of the profunda brachii artery to a point 
just proximal to the cubital joint. This is usually 
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the distal limit of brachial artery occlusions, owing 
to the numerous collaterals of the rete cubiti. 
Therefore, the arm is placed on an arm table, pro
viding free movement (Fig. 19.1 a). The entire arm 
from the axilla down to the wrist is disinfected 
and draped. The hand and the forearm are 
wrapped in a sterile drape. After wiping off the 
disinfected skin, a transparent incisional drape is 
placed in position. To provide full exposure of the 
cubital region, a folded sheet is introduced under 
the cubital joint to serve as a fulcrum. 

ll. Exposure of the Final Segment 
of the Brachial Artery 

For reconstruction, an incision is made over the 
initial segment of the brachial artery (approach 
to the proximal brachial artery as described on 
p. 528). However, the skin incision does not have 
to be extended along the border of the pectoralis 
muscle. Access to the distal brachial artery is pro
vided by curvilinear incision following the course 
of the artery in the cubital fossa (Fig. 19.11). In 
principle, a straight incision over the cubital fossa 
could be performed; however, straight incisions 
tend to cause contractions owing to shrinkage of 
the scar. Therefore, a slightly curvilinear or S
shaped incision is preferred. Following division of 
the skin and the subcutaneous tissue, the soft fatty 
tissue is dissected bluntly. The incision will reveal 
the basilic and medial cubital veins, which can vary 
considerably; they should be preserved. Following 
splitting of the brachial fascia, the aponeurosis of 
the biceps brachii muscle is divided. The branches 
of the medial cutaneous nerve of the forearm pass 
in close proximity and should be preserved when
ever possible. Following division of the aponeuro
sis, the final segment of the brachial artery is found 
somewhat deeper. This segment is isolated circum
ferentially, and a tape is placed around it. In order 
to expose the entire length, collaterals of the con
comitant vein of the crossing brachial artery have 
to be divided between ligatures. While dissecting, 
special care must be taken of the median nerve 
passing medial to the artery to avoid concomitant 
injuries. Following determination of the proximal 
and distal sites of anastomosis an appropriate seg
ment of the greater saphenous vein can be har
vested from the lower leg. It is turned end for 
end, and both ends are marked. The vein is then 
placed in Ringer's solution until the anastomosis 
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Fig. 19.11. Exposure of the proximal brachial artery [4, 
5, 8] and of the distal segment of the brachial artery 
in the cubital fossa [4, 5, 8] 

~-----~ 
Fig. 19.12a, b. Brachiobrachial vein bypass. a Distal 
anastomosis end-to-side technique; completed distal 
anastomosis, the vein being passed underneath the fascia 
to the proximal anastomosis. b Proximal anastomosis 
end-to-side technique; completed proximal anastomosis 
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is performed. Following proximal and distal cross
clamping, a ventral arteriotomy of the brachial ar
tery is performed (Fig. 19.12a, b). Heparinized sa
line solution (1: 100) is injected into the periphery. 
If there is an arterial spasm, it is advisable to insert 
a Fogarty balloon catheter into the distal segment 
of the artery and to retract the catheter with the 
balloon inflated (mechanical dilation). The har
vested vein is sutured distally to the arteriotomy, 
which should be about 1.5 cm long (the caudal 
end of the vein has been incised and tailored before
hand). The basal edge of the vein end is sutured 
to the proximal corner of the arteriotomy, and, 
following tightening of the suture, the anastomosis 
is completed using a continuous over-and-over 
technique (at the distal corner, especially, the 
stitches should be placed as close together as possi
ble to avoid a plication effect). With the remaining 
portion of suture the final stitches are placed in 
the side nearer the surgeon, and the two ends are 
tied together. Next, a tunnel is created under the 
fascia of the medial bicipital groove, using a long 
forceps. Then the vein is filled with heparinized 
saline solution and pulled through the tunnel prox
imally with the forceps (checking carefully for 
length and guarding against twisting). The vein 
is tailored and anastomosed end-to-side to the 
proximal arteriotomy using 5--0 or 6-0 monofila
ment suture material (Fig. 19.12). Before comple
tion of the anastomosis, possible clots are flushed 
out by brief declamping. After completion of the 
suture, intraoperative angiography is performed, 
the needle being inserted in the region of the cen
tral anastomosis and the contrast medium injected 
in the anterograde direction. To avoid extensive 
bleeding, the site of puncture is closed by a single 
suture. Following careful hemostasis, the proce
dure is completed by the insertion of Redon drains 
and suture of the subcutaneous tissue and the skin. 
Reinsertion of the aponeurosis of the biceps mus
cle or the brachial fascia is not necessary. Occlu
sions in the region of the brachial artery are mostly 
limited to the region proximal to the elbow for 
the reasons already mentioned. If, as happens in 
rare cases, the terminal segment of the brachial 
artery is also involved, the vein bypass may be 
extended beyond the cubital fossa to the radial 
or ulnar artery. However, there is the risk of graft 
occlusion provoked by extreme kinking, as in all 
grafts crossing joints. Therefore, indications for 
such long reconstructions in the region of the fore
arm should be judged following exact evaluation 
of the clinical symptoms and necessity. 
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A. Indications 

Atypical, or so-called "extra-anatomic," bypasses 
are employed whenever a special local situation 
(e.g., infection, multiple operations, radiation, sto
ma) or an unfavorable general condition precludes 
direct arterial reconstruction or orthotopic place
ment of the bypass, or when a minimum stress 
operation must be performed, without opening of 
a large body cavity. 

Whether or not an extra-anatomic bypass pro
cedure is indicated will depend on its value for 
the specific vascular region involved, as established 
by comparing the mortality, patency rate, and 
functional results with those of the classical proce
dure. 

B. Supra-aortic Region 

In the supra-aortic region there is a significant 
trend toward extrathoracic reconstruction. This is 
especially true for bridging a central occlusion of 
the left subclavian artery by means of a carotid 
subclavian bypass. 

This technique, as well as the other extra-ana
tomic bypasses in the supra-aortic region, are de
scribed in Chap. 15.1 (supra-aortic branches) on 
p.508ff. 

c. Axillo(bi)femoral Bypass 

The bypass from the major upper extremity arter
ies to those of the lower part of the body through 
a partially subcutaneous, partially subfascial tun
nel of the lateral thoracic and abdominal wall is 
usually performed using an 8-mm Dacron velour 
or PTFE prosthesis. Depending on the individual 
case, ring-reinforced or helical coil-wrapped grafts 
are also used as protection against external com
pression. 

General anesthesia is recommended, although 
one may also consider local anesthesia in extreme 
cases. 

The ipsilateral subclavian artery is most suit
able to serve as the donor artery for limb revascu
larization. Additional stenoses of other supra-aor
tic vessels must also be taken into account so that 
in individual cases an axillomonofemoral cross
over bypass may also be considered when an axil
lobifemoral bypass is not indicated. The axillobife
moral bypass is usually performed on the right 
shoulder because the right subclavian artery is sig
nificantly less often occluded than the left. 

If it is not necessary to shorten the operative 
time by using a separate team at each of the two 
anastomotic sites, the procedure is begun by ex
posing the proximal axillary artery using an ob
lique or slightly curvilinear infraclavicular ap
proach caudal to the lateral half of the clavicle. 
The upper arm is abducted almost 90° (Fig. 20.1). 
Following division of the subcutaneous tissue and 
the fascia, the pectoralis major muscle is split 
bluntly, parallel to the direction of the muscle 
fibers, with the pulsating axillary artery serving 
as a guide. If necessary, fibers of the pectoralis 
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minor muscle, located in the lateral third of the 
wound, may be incised additionally. Then, the ax
illary artery and vein are exposed in the subpector
al fatty tissue. The vein, passing ventrally, is ex
posed first. 

The artery is exposed as far proximally as possi
ble, i.e., up to where it emerges from beneath the 
clavicle. A tape is placed around it. Usually, liga
tion and division of the branching thoracoacro
rnial trunk is required in order to mobilize the 
vessel sufficiently. While dissecting, care must be 
taken to preserve the branches of the brachial plex
us, passing in the cranial and lateral part of the 
operative field. 

After a tape has been placed around the distal 
segment of the exposed artery, the proximal and 
distal clamps are placed, and an incision is made 
over a distance of about 2-2.5 cm on the ventro
caudal aspect of the first one third of the artery, 
i.e., lateral to the point where it emerges from be
neath the clavicle. 

This provides a hemodynamically favorable an
astomotic angle. Kinking or distortion between ar
tery and graft when moving the shoulder or the 
arm may thus be avoided. 

H. MULLER-WIEFEL 
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Fig. 20.1. a Location of incisions for an axillofemoral 
bypass. The procedure begins with an infraclavicular in
cision (1). From there a subcutaneous tunnel leads to 
infrapectoral incision (2) and then to the inguinal site 
of anastomosis (3). For an axillobifemoral bypass an 
additional incision somewhat above the iliac crest (4) 
is provided. b The axillary artery, exposed below the 
clavicle, is dissected as far proximally as possible, and 
two vessel loops are placed around it. The pectoralis 
minor muscle may have to be incised to provide more 
space. c Ligation and division of the thoracoacromial 
artery help to mobilize the axillary artery. At the site 
of the proximal anastomosis, longitudinal arteriotomy 
and wall excision to achieve an oval orifice. d The proxi
mal anastomosis should be constructed at an angle that 
is hemodynamically favorable 

A Dacron prosthesis may now be clotted using 
the patient's blood. Afterwards, the vascular bed 
of the arm is heparinized. 

Following extension of the arteriotomy by tail
oring an oval orifice, the anastomosis is completed 
by a continuous over-and-over suture using 5-0 
suture material. It should be pointed out that be
cause the wall of the axillary artery is much more 
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vulnerable than other vessel walls, there is always 
the danger of tearing at the suture line. 

Where the operative field is narrow, it is advan
tageous to use a monofilament synthetic suture 
such as Prolene, allowing one to place several 
loops loosely and to tie them later (parachute tech
nique). 

Following completion of the suture, the graft 
is cross-clamped close to the anastomosis and the 
arterial flow to the arm is released again. If neces
sary, the graft may be flushed again by brief de
clamping to achieve further clotting. 

The site of the distal anastomosis is prepared 
by exposure of the femoral bifurcation through 
a longitudinal incision, using the standard tech
nique (see p. 392). The incision of the skin and 
the subcutaneous tissue should extend about 3 cm 
above the inguinal ligament. The distal limit is de
termined by the extent of the arterial occlusive dis
ease (Fig. 20.2). 

Graft placement starts with a transverse inci
sion about 5 cm long between the anterior and 
middle axillary line and approximately at the level 
of the sixth interspace. From this incision a tunnel 
is created to the cranial wound by blunt dissection, 
using the finger or a curved clamp. The index 
finger of the other hand simultaneously dissects 
downward between the pectoralis major and mi-

External oblique m. 
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nor muscle to the counterincision - or between 
the pectoralis major muscle and the outer thoracic 
wall if the pectoralis minor muscle has previously 
been incised. 

When pulling the graft through the tunnel care 
must be taken to avoid twisting it, and above all, 
the graft must be placed so that the proximal anas
tomosis or the axillary artery is not subjected to 
excessive tension. Otherwise, there will be the 
danger later on that vigorous movement of the 
arm or shoulder might cause tearing at the suture 

Fig. 20.2. a Following completion of the central anasto
mosis, a tunnel is created by blunt dissection of the soft 
tissue between the infraclavicular incision and the coun
terincision at the lower border of the pectoralis muscle, 
using both index fingers. Then, using a tunneler, a graft 
bed is created from the groin to the subpectoral incision. 
Inset: Caudally the prosthesis may be passed either sub
cutaneously or in the region of the lateral muscles. The 
tunneler is then inserted ventral to the inguinal ligament 
or into the muscles following incision of the external 
oblique muscle. b The graft is pulled through the pre
pared tunnel with a curved forceps. c Optimal course 
of the axillofemoral bypass: anastomosis to the axillary 
artery as far ventrally as possible and then located in 
the region of the thorax and the flank within the midax
il\ary line. A graft passing too far ventrally is more likely 
to kink where it crosses the costal margin 
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Fig. 20.3. Extending an axillofemoral bypass to form an 
axillobifemoral bypass. The already functioning unilat
eral segment of the graft is exposed through an addition
al incision above the iliac crest (1) and an end-to-side 
anastomosis is performed using a crossover graft of the 
same caliber 

line with resultant hemorrhage or formation of a 
false aneurysm. 

A graft which is too long may kink during ad
duction of the arm and cause thromboembolic 
complications. 

Whether the graft originating from the axillary 
artery will be passed ventral or dorsal to the axil
lary vein to avoid venous compression depends 
upon the situs. 

To pass the graft to the site of the peripheral 
anastomosis in the groin, a tunneler is preferred, 
but a long, curved forceps may also be used if 
another short counterincision is made between the 
groin and the costal margin. 

The course of the graft from the costal arch 
to the groin may be through a subcutaneous tun
nel, as preferred by us, or beneath or within the 
external oblique muscle. In the latter case, the in-
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Fig. 20.4. Extension to the femoropoplitealjunction : fol
lowing the classical incision (A . B) a counterincision is 
required somewhat above the iliac crest close to the ante
rior iliac spine (1). There, the iliac crest must be incised 
to protect the graft and to avoid kinking. From there, 
with the help of an additional incision (2), the graft can 
be passed down to the site of the distal anastomosis 
(3) along the extensor side of the thigh 

guinal ligament is slightly incised, the aponeurosis 
of the external oblique muscle slit open, and a 
tunneler inserted cranially. 

Special care has to be taken to place the bypass 
sufficiently far dorsally at the flank to avoid kink
ing where the costal margin is crossed. And, as 
already mentioned, the length of the graft must 
be correctly determined as well. If the operating 
table has been flexed and the head portion elevated 
to facilitate the operation in the proximal infracla
vicular region, it is advisable to place the patient 
in a completely supine position to determine the 
final length of the graft. 

Before the final placement of the graft within 
the tunnel, it may be flushed with blood by brief 
declamping close to the central anastomosis. Af
terwards, the graft is filled with heparinized saline 
solution. 
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The form and technique of the peripheral anas
tomosis in the groin or the proximal thigh must 
be adapted to the situation at the femoral bifurca
tion; usually, the anastomosis with the common 
and deep femoral arteries will be end-to-side. For 
further details see p. 441. 

If there is no possibility of anastomosing an 
axillofemoral bypass in the groin, e.g., because of 
infection, then the previously mentioned proce
dure may be changed by extending the graft 
beyond the hip on the lateral side of the extremity. 
About one third of the way down the outer thigh, 
the graft is passed from the lateral side of the thigh 
to the inner side (Fig. 20.4). 

In this case an additional incision is necessary 
along the midaxillary line over the iliac crest. From 
there, a tunnel is created to the cranial incision 
at the lower border of the pectoralis muscle. A 
rounded notch is made in the pelvic bone to pro
tect the prosthesis from kinking as it passes down 
to the lateral part of the thigh. 

One or two additional small skin incisions in 
the middle of the extensor side of the thigh facili
tate passage of the bypass subcutaneously to the 
distal anastomotic site at the level of the sub sarto
rial canal or the initial segment of the popliteal 
artery (see p. 394). 

When the contralateral lower extremity has to 
be revascularized in the same operation, an axillo
bifemoral bypass is indicated. The procedure de
scribed before is continued, exposing the pulsating 
graft by a separate incision somewhat above the 
superior anterior iliac spine, following declamping 
of the axillofemoral bypass. Then tapes are placed 
around it cranially and caudally (Fig. 20.3). 

For anastomosis of the crossover branch, a Sa
tinsky clamp is placed on the main graft, which 
is already perfused; the clamped portion is incised 
over a distance of 1.5-2 cm, and the incision is 
widened, forming an oval orifice. The crossover 
graft, which must be of the same caliber and bev
eled at the end, is anastomosed end-to-side. 

The Satinsky clamp is removed and placed on 
the crossover bypass, close to the anastomosis. 
Next, the contralateral inguinal region is exposed, 
and a tunnel is created across the lower abdomen 
in an oblique direction using bidigital dissection, 

Fig. 20.6. If the suprasymphyseal crossover graft is not I> 
to have a suprainguinal takeoff, the crossover can also 
be anastomosed end-to-side in the region of the inguinal 
incision; in ,this case, of course, the anastomosis will 
be more or less rectangular 

a 

b Superficial femoral a 

Profunda femons a 

Fig. 20.5. a Creating a subcutaneous tunnel for an axillo
bifemoral bypass by digital dissection from the groin 
and the suprainguinal incision. b The branch of the by
pass, crossing obliquely to the contralateral side, should 
be attached at an acute angle, as this is hemodynamically 
favorable. c If required, the crossover bypass can be an
astomosed to the profunda femoris artery, thereby pro
viding the effect of a profundaplasty 



544 

at possibly aided by a curved forceps. Here, too, 
a subcutaneous course is most sUitable, although 
a preperitoneal course may also be used. If the 
latter approach is chosen, special care must be tak
en not to open the peritoneum or to cause bleeding 
by injuring muscle vessels during the blind tunnel
ing (Fig. 20.5). 

An alternative to the hemodynamically favor
able acute-angled takeoff of the crossover bypass 
is the more or less rectangular end-to-side anasto
mosis of the crossover bypass (Fig. 20.6). 

D. Iliofemoral Crossover Bypass 

This form of extra-anatomic bypass allows circum
vention of a diseased segment of the iliac artery, 
provided there is sufficient arterial blood flow on 
the donor side. 

The procedure begins with exposure of the ex
ternal iliac artery through an oblique or slightly 
curved incision 8-10 cm long, several finger
breadths above the inguinal ligament. Following 
division of the abdominal wall muscles parallel to 
the muscle fibers, the peritoneal sac is retracted 
medially and cranially. A tape is placed around 
the external iliac artery proximally and distally, 
preserving the concomitant vein. Then the artery 
is occluded with two clamps. 

The artery is incised ov~r a distance of 2- 3 cm 
and the beveled end of an 8-mm vascular prosthe
sis anastomosed end-to-side using a continuous 
over-and-over suture (Fig. 20.7). 

The graft is then passed somewhat ventrally 
and caudally. If a Dacron graft is used, it must 
be preclotted with the patient's blood. A tunnel 
is created by digital dissection as described for the 
axillobifemoral bypass. The graft is passed 
through the tunnel to the arterial segment exposed 
in the contralateral groin for the distal anatomosis. 

For an iliofemoral crossover bypass, a subcuta
neous course is again recommended. In this case, 
the prosthesis is passed across to the recipient side 
in front of the external oblique muscle and the 
inguinal ligament and terminates in the operative 
field of the groin. 

A more dorsal course may also be used, i.e., 
through the muscles of the lower abdominal wall 
or immediately in front of the peritoneum. In this 
case, the graft reaches the distal site of the anasto
mosis behind the inguinal ligament, as in an aorto
femoral bifurcation bypass. 

H. MULLER-WIEFEL 

Fig. 20.7. Suprasymphyseal iliofemoral crossover bypass 
in an S-configuration. The external iliac artery is ex
posed through a suprainguinal extraperitoneal incision. 
The graft is anastomosed end-to-side at a hemodynami
cally favorable acute angle and is passed to the contralat
eral side through the soft tissue of the anterior abdomi
nal wall, for the most part within a subcutaneous tunnel 

Fig. 20.8. Besides the S-configuration of the suprapubic 
crossover bypass, a C-configuration from one femoral 
bifurcation to the other may be considered. This ap
proach is suitable for simultaneous correction of bilater
allesions of the femoral bifurcation 
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Fig. 20.9a-g. Steps in the placement of a C-shaped femo
ral bypass in bilateral stenoses of the femoral bifurca
tion : skin incisions (a), location of the vessels in the 
groin (b, c). The course of the graft may be within a 
subcutaneous tunnel (d) or between the peritoneum and 
the rectus abdominis muscle (e). Alternatively, one may 
consider a perineal approach (C). Anastomosis of the 
bypass to the major trunk of the profunda femoris artery 
(g) 

E. Femorofemoral Crossover Bypass 

For the so-called suprasymphyseal crossover by
pass, an iliofemoral route in an S-configuration 
is usually preferred for hemodynamic reasons. For 
a femorofemoral bypass, a C-configuration is used 
when there are lesions of the femoral bifurcation 
or the profunda femoris trunk on the donor side 
that have to be reconstructed as well (Figs. 20.8, 
20.9). 

Following exposure of both inguinal regions, 
reconstruction on the donor side is performed. The 
procedure depends on the local findings; e.g., end
arterectomy of the femoral bifurcation or long ar
teriotomy of the trunk of the profunda femoris 
artery, leading to a profundaplasty. For the end
to-side anastomosis, the end of an 8-mm vascular 
prosthesis (occasionally 6 mm) is trimmed to 
create a long flap that serves as a patch graft for 
the profunda femoris artery. The tunnel for the 
graft is made in each inguinal wound with the in
dex finger, just above symphysis. Its course may 
be either subcutaneous or dorsal to the rectus ab
dominis muscle through the cavum Retzii. 

On the recipient side, the graft is anastomosed 
to the common femoral artery or to the profunda 
femoris artery, depending on local and angio
graphic findings. As a rule, the anastomosis is end
to-side, less often end-to-end. 

If a suprapubic course for the graft is impossi
ble owing to the local situation, a subcutaneous 
course through a perineal tunnel caudal to the in
sertion of the scrotum and penis may be used. 

F. Obturator Bypass 

This form is used mainly for the aseptic bypass 
of an infected groin area. Thanks to the flexibility 
of the bypass principle, the basic technique can 
be modified to fit highly variable local situations. 
The basic principle is that of a bypass from the 
aorta or an iliac artery, which does not pass in 
front of the anterior pubic ramus, but through 
the obturator foramen and finally downward to 
an artery of the thigh. 

For the proximal approach (for details see 
p. 378), the iliac vessels are exposed transperiton
eally or retroperitoneally, and a tape is placed, 
for example, around the common iliac artery. The 
distal approach is through a longitudinal incision 
on the inside of the middle third of the thigh, there-
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Point of passage of the bypass 

Fig. 20.10. a Location of skin incisions for an obturator 
bypass. The central anastomosis to the iliac arteries is 
made through an oblique or curved (1) or a longitudinal 
(2) incision. The peripheral anastomosis to the superfi
cial femoral artery is performed on the medial aspect 
of the proximal or middle thigh (3). b Topography of 
the iliac vessels, the obturator vessels, and the point of 
passage of the bypass through the obturator membrane. 
c Following completion of the central anastomosis, the 
graft tunnel is created by blunt dissection. With the 
fingers of the left hand on the pelvic side of the obturator 
foramen, a long, curved forceps is passed upward from 
below, perforating the membrane. d The tunnel made 
by the forceps can have two different courses: either 

by exposing the superficial femoral artery, around 
which a tape is placed (Fig. 20.10). 

Mter completion of the proximal anastomosis 
of the iliac artery to the graft (caliber 6-8 mm, 
depending on the distal anastomosis that is 
planned) a tunnel is created in the usual manner, 
either from the suprainguinal operative field or 
from the incision at the thigh. 

Coming from the cranial incision, one can use 
the superior pubic ramus, which crosses obliquely, 
for orientation. On its caudal rim, the obturator 
membrane and the muscles lying on top of it can 
be palpated. The palpable obturator artery 
branching off from the iliac artery can serve as 
a guideline. The point of passage of the bypass 
should be medial to the obturator vessels so as 
not to cause lesions which might result in bleeding 
that is difficult to control. 

When the index finger of the surgeon reaches 
the membrane at the location selected for perforat-
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between the adductor magnus muscle and the adductor 
longus muscle or dorsal to the adductor magnus muscle. 
The latter approach is used when the distal anastomosis 
must be made to the popliteal artery 

Fig. 20.11. a Completion of the extra-anatomic bypass 
through the obturator foramen, bypassing the femoral 
bifurcation in the groin. b Obturator bypass to the pro
funda femoris artery, bypassing the inguinal region. 
c For central anastomosis of the obturator bypass, the 
common iliac artery or the abdominal aorta may also 
be considered 
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ing the foramen, a slightly curved forceps is in
serted through the medial incision in the thigh and 
passed toward the finger so as to create a tunnel 
by blunt dissection. Slight flexion and external ro
tation of the leg at the hip joint facilitate this pro
cedure. 

The tunneler is passed upward between the ad
ductor longus and magnus muscles if the graft is 
to be anastomosed to the distal superficial femoral 
artery. If there is more extensive infection or if 
the superficial femoral artery is not suitable for 
distal anastomosis, it is advisable to pass the tun
neler dorsal to the adductor magnus muscle so 
that the prosthesis passes directly down to the ini
tial segment of the popliteal artery, bypassing the 
subsartorial canal. Care should always be taken 
not to let the tip of the tunneler deviate too much 
ventrally as this might result in the accidental 
opening of the infected inguinal area. 

When the tip of the tunneler reaches the obtura
tor membrane, the membrane is perforated bluntly 
from the pelvic side with the help of the finger. 
It is seldom necessary to use scissors. 

The distal end of the prosthesis is grasped by 
the forceps and pulled through the hole in the 
membrane, avoiding twisting and tension. The 
graft is passed through the soft tissue of the thigh 
down to the distal wound. There, an end-to-side 
anastomosis to the superficial femoral artery is 
performed in the standard fashion. 

However, if the distal anastomosis is to be made 
to the profunda femoris artery, the middle segment 
of the artery is exposed through an incision on 
the anterolateral aspect of the thigh (see p. 449). 
The graft is passed subcutaneously on a curvilinear 
course across the anterior side of the thigh, using 
the prepared anastomotic site on the ventromedial 
side. The best graft material in such a situation 
is autogenous greater saphenous vein. Alternative
ly, a ring-reinforced PTFE prosthesis (e.g., Gore
Tex) may be used. 

As regards the proximal anastomosis of the by
pass, variations are possible in individual cases. 
For instance, if the iliac artery is not suitable, the 
prosthesis may be sutured to the distal aorta, ex
posed by a transperitoneal or retroperitoneal ap
proach (Fig. 20.11). 

When an infection of an aortobifemoral graft 
is definitely limited to the inguinal anastomotic 
region, the graft segment close to the bifurcation 
may be exposed transperitoneally, divided, and an
astomosed ,end-to-end to the new extra-anatomic 
graft through the obturator foramen (Fig. 20.12). 

Fig. 20.12. Extra-anatomic bypass through the obtura
tor foramen when infection of an aortobifemoral graft 
is limited to the groin. The old prosthesis is divided 
obliquely, close to the bifurcation (A) . The distal anasto
mosis of the obturator bypass is marked B 

Fig. 20.13. Obturator bypass from the contralateral iliac 
artery in the case of severe stenosis of the ipsilateral 
iliac vessels 
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Fig. 20.14. a If a crossover obturator bypass cannot be 
passed through the ipsilateral obturator foramen, it can 
be passed through the foramen of the donor side. b The 
graft passes perineally and subscrotally to the contralat
eral femoral artery 

Also, it may occasionally be necessary to per
form the central anastomosis of an obturator by
pass on the contralateral side, e.g., to the external 
iliac artery. This procedure initially corresponds 
to that of the iliofemoral crossover bypass (see 
p. 544; Fig. 20.13). 

Finally, there is a variation of the crossover 
bypass in which the graft is passed through the 
obturator foramen on the side of the proximal 
anastomosis. The graft then leaves the pelvis and 
passes through the perineum to the anteromedial 
side of the thigh being revascularized. The anasto
mosis is then made to the superficial femoral artery 
(Fig. 20.14). 

G. Lateral Aortofemoral 
or Diofemoral Bypass 

H. MULLER-WIEFEL 

If extra-anatomic bypasses through the obturator 
foramen, including their various anastomotic sites 
and courses, are not suitable and if there is no 
possibility of an axillofemoral bypass, a graft from 
the terminal aorta or the common iliac artery to 
the vessels of the thigh may be used (Fig. 20.15). 

Following retro- or transperitoneal exposure of 
the proximal anastomotic site on the abdominal 
aorta or iliac artery, an end-to-side anastomosis 
of the graft is performed in the usual fashion. This 
anastomosis is best located on the anterolateral 
aspect of the artery. 

Following curvilinear placement through the 
retroperitoneum and through a tunnel created by 
blunt dissection through the muscle layers of the 
lateral abdominal wall, the bypass enters the sub
cutaneous tissue of a counterincision at the level 
of the iliac crest, somewhere in the region of the 
mid axillary line. 

Through this incision the iliac crest is incised 
as already described for the extended axillofemoral 
bypass. The further course of the bypass to the 
profunda femoris or the superficial femoral artery 
is subcutaneous, from the iliac crest downward 
(see p. 542). 
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Fig. 20.15. Lateral aortofemoral bypass. A and B repre
sent the possible sites for proximal anastomosis to the 
abdominal aorta or the iliac vessels. For the lateral 
course, an incision of the iliac crest is recommended 
(C). The distal anastomosis of the bypass may be with 
either the middle profunda femoris artery (D) or the 
middle superficial femoral artery (E) 
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H. Aortoascendobifemoral Bypass 

When there is no possibility of an axillobifemoral 
bypass because it is necessary to bypass the abdo
men extra-anatomically and because of simulta
neous supra-aortic lesions, a bypass originating di
rectly on the ascending aorta may be considered 
as an alternative. 

A median sternotomy is performed over the en
tire length. Following hemo~tasis and insertion of 
a thoracic retractor, the ascending aorta in the 
upper mediastinum is dissected so that a Satin sky 
clamp can be placed securely on the ventral side. 
The arteriotomy (1.5-2 cm) is widened by an oval 
excision of aortic wall. Then, the end-to-side anas
tomosis with the 8-mm (up to 10-mm) graft is per
formed using a continuous suture technique (su
ture size: 3-0; Fig. 20.16). This part of the proce
dure is the most critical. One must take the greatest 
care that the Satinsky clamp does not slip off while 
anastomosing and that the edges of the arterio
tomy do not slip back under the clamp. In order 
to reduce unwelcome leverage effects resulting 
from transmission of heart movements to the 
clamp, it is advisable to have the handle of the 
clamp gently held by an assistant. If the clamp 
should slip off or the wall of the aorta tear, one 
should first control the massive bleeding by digital 
pressure and then try to place a larger clamp with 
bigger jaws. In such a situation one should also 
consider inserting and inflating a Fogarty catheter 
to close the aortic opening (Fig. 20.17). 

Fig. 20.16. a Locations of skin incisions for an extra
anatomic bypass from the ascending aorta to both in
guinal vessels. b Following median sternotomy and ex
posure of the ascending aorta, a Satinsky clamp is 
securely placed on the ventral side of the aorta, so that 
it does not slip off. c, d An arteriotomy (1.5- 2 cm) is 
widened to achieve an oval orifice, and an 8- to 10-mm 
prosthetic graft is anastomosed end-to-side 

Fig. 20.17. Procedure in case of bleeding while anasto
mosing the ascending aorta. Control of bleeding by com
pression with the finger, by placing another, larger Sa
tinsky clamp or by provisional transluminal occlusion 
using an inflatable balloon catheter 

I. Subhepatic Aortofemoral Bypass 

Extensive abdominal adhesions and a central anas
tomotic infection following a classical aortobifem
oral bypass are two indications for this type of 
extra-anatomic bypass. 

Through a median or dorsal curvilinear lapa
rotomy, the subphrenic aorta, which is the proxi
mal site of anastomosis, is exposed, and the lesser 
sac of the omentum is opened over a sufficient 
length. The esophagus can be retracted somewhat 
laterally, and the aorta can then be isolated suffi
ciently to allow a tape to be passed around it and 
a Satinsky clamp to be placed tangentially on it 
in a caudocranial direction. A sufficiently long 
trunk of the bifurcation graft is then anastomosed 
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b ........ ----

Fig. 20.19a, b. Creating an omental graft to cover the 
subhepatic bypass segment. a The division lines of the 
greater omentum are marked. Stepwise division of the 
omentum between appropriate ligatures. b A sufficiently 
broad patch of the greater omentum is isolated and 
drawn up. The edges of the omentum are approximated 
again. The omental patch serves to cover the graft and 
to separate it biologically from the abdominal viscera 

end-to-side in typical fashion to the oval orifice 
on the anterior aspect of the aorta (Fig. 20.18). 

If necessary, the graft may be extended by an 
additional segment of the same diameter. 

The graft is then passed subhepatically through 
the free abdominal cavity to the anterior abdomi
nal wall. There, a sufficiently large incision of the 
peritoneum is made on the abdominal side and 

H. MULLER-WIEFEL 
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Fig. 20.18. a Exposure of the subphrenic aorta for a sub
hepatic bypass. After opening the lesser sac of the omen
tum, the celiac trunk is exposed and both crura of the 
diaphragm are divided. Marking the arteriotomy, which 
is to be widened to form an oval orifice. b, c End-to-side 
anastomosis of an 8-mm prosthetic graft to the suprace
liac aorta. d Bifurcation graft with distal anastomosis 
in both groins 

on the dorsal sheet of the rectus sheath. The graft 
is located in this sheath. For tunneling, the anterior 
part of the rectal sheath is opened by a skin inci
sion about where it crosses the right mamillary 
line and the interspinal line. The muscle is perfo
rated bluntly with a curved forceps. The end of 
the forceps is passed to the cranial opening from 
the abdominal side. 

Now both limbs of the graft are grasped by 
the forceps and pulled through the incision in the 
lower abdomen and passed down to both groins. 
This procedure is equivalent to that described for 
an axillobifemoral bypass. 

The subhepatic segment of the graft, which is 
free within the abdominal cavity, is finally covered 
with a patch of greater omentum and is thus sepa
rated from the viscera by vital tissue (Fig. 20.19). 

K. Lateral Femorocrural Anterior Bypass 

Sometimes, an orthotopic bypass through the pop
liteal fossa to the terminal segment of the popliteal 
artery or to one of the crural arteries has to be 
abandoned as a way of revascularizing the lower 
leg. In such cases, a bypass to the anterior tibial 
artery is possible. The prosthesis or the autogenous 
vein should be passed subcutaneously on the later
al side of the knee joint between the edge of the 
patella and the outer femoral condyle (Fig. 20.20). 
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After the distal anastomosis to the anterior ti
bial artery on the lateral side of the lower leg has 
been performed, a curved forceps is used for blunt 
dissection of a subcutaneous tunnel through a 
counterincision on the anterolateral side of the dis
tal thigh, about one handbreath above the patella. 
The graft is passed through the tunnel upward 
without kinking and twisting. 

The graft passes on subcutaneously to the 
groin. The tunnel has been made previously by 
a forceps or a tunneling instrument. The inguinal 
anastomosis between the graft and the femoral bi
furcation is done in the standard fashion (see 
p.398). 

Fig. 20.20. Course of the lateral anterior bypass for fem
orocrural reconstruction. Following completion of the 
distal anastomosis, the graft is passed through a subcuta
neous tunnel between the lateral femoral condyle and 
the outer edge of the patella to a counterincision one 
handbreadth above the knee joint on the anterolateral 
side of the thigh. The graft is then passed subcutaneously 
to the femoral bifurcation 
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A. Anatomic and Functional Conditions 

The neurovascular compression syndrome of the 
upper thoracic outlet includes all syndromes 
caused by neurogenic, arterial, or venous compres
sion in the costoclavicular region. The anatomic 
and functional conditions in this region may be 
the cause of neurovascular compression at several 
sites [1]. Depending on the level of the cause and 
the compression mechanism, the following syn
dromes are usually distinguished: 

1. Cervical rib syndrome 
2. Anterior scalene syndrome 
3. Scalenus rninimus syndrome 
4. Costoclavicular compression syndrome 
5. Pectoralis minor syndrome or hyperabduction 

syndrome 

I. Cervical Rib Syndrome 

In the case of a cervical rib syndrome the subcla
vian artery and the brachial plexus, but not the 
subclavian vein, may be compressed (Fig. 21.1.1.). 
There are several types of cervical ribs: 

a) A long C7 process (probably not of significance 
for the pathogenesis of this syndrome) 

b) A rudimentary cervical rib, but with the lateral 
end not extending beyond the dorsal tubercle 

Fig. 21.1.1. The most important variation of a cervical 
rib. Compression of the cervical artery is possible at 
the site where the artery crosses over the cervical rib 
or is compressed against the rib by the anterior scalene 
muscle 
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Fig. 21.1.2a-c. The three most common types of cervical 
rib. a A cervical rib attached to the osseous segment 
of the first rib by a fibrous band. b An incomplete cervi
cal rib attached to the first rib by cartilage. c The com
plete cervical rib extending to the manubrium sterni 

c) A cervical rib ending free, or attached to the 
osseous segment of the first rib by a fibrous 
band (Fig. 21. 1.2 a) 

d) An incomplete cervical rib, attached to the first 
rib by cartilage (Fig. 21.1.2 b) 

e) A complete cervical rib, extending to the manu-
brium sterni (Fig. 21.1.2c) 

In most complete cervical ribs, the anterior scalene 
tubercle is severely protruded. The artery rides just 
behind this tubercle on the cervical rib, causing 
kinking and compression. Furthermore, the cervi
cal rib draws the artery through the scalene space 
upward and anteriorly, compressing the artery 

Fig. 21.1.3. Anatomy of the upper thoracic outlet show
ing the neurovascular bundle leaving the outlet through 
the scalene triangle 
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against the tendon of the anterior scalene muscle. 
The brachial plexus is also pushed upward and 
anteriorly, causing kinking and compression. 

II. Anterior Scalene Syndrome 

The anterior scalene syndrome is thought to be 
caused by compression of the artery and the plexus 
between the anterior and the medial scalene mus
cles. The scalene triangle is too narrow and be
comes even narrower by contraction of the scalene 
muscles. However, the question remains whether 
contraction of these muscles alone can cause com
pression of the artery. It has been suggested that 
the first rib is drawn upward by the contraction 
of the scalene muscles, thus narrowing the costo
clavicular space and consequently causing costo
clavicular compression (Fig. 21.1 .3). 

m. Scalenus Minimus Syndrome 

The scalenus minimus syndrome (Fig. 21.1.4) is 
caused by the scalenus minimus muscle passing 
from the transverse process of the sixth and sev
enth cervical vertebrae to the first rib, where its 
insertion is located between the anterior and me
dial scalene muscle. This muscle is very variable. 
Sometimes, there is only a fibrous band, the cos-

Fig. 21.1.4. Compression of the subclavian artery cross
ing transversely through the scalenus minimus muscle 
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Fig. 21.1.5. The costopleurovertebral ligament, which 
fixes the apex of the lung, can vary considerably and 
may cause compression of the neurovascular structures 

Fig. 21.1.6. The costoclavicular compression syndrome 
involving also the subclavian vein 
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topleurovertebral ligament (Fig. 21.1.5). The sca
lene space, which is already small, is narrowed 
even further because the scalenus minimus muscle 
passes between the artery and the plexus within 
the scalene triangle. Sometimes the artery crosses 
transversely through the muscle, compressing the 
artery during contraction. 

IV. Costoclavicular Compression Syndrome 

The costoclavicular syndrome is characterized by 
compression of the neurovascular bundle between 
the first rib and the clavicle (Fig. 21.1.6). The clavi
cle and the first rib, including its fixation to the 
manubrium sterni create a scissorlike configura
tion. When the arm is abducted, the clavicle ro
tates a distance of 2.5 cm dorsally over the first 
rib, thereby narrowing even further the already 
narrow costoclavicular space. Usually, the tonus 
of the shoulder muscles will lift the clavicle from 
the neurovascular structures. Symptoms result 
only when this is no longer the case, for instance 
when the muscles are hypotonic, or as a result 
of an increase in the weight of the arm. The etiolo
gy is very complex and usually not based on a 
single cause. 
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v. Pectoralis Minor Syndrome 
or Hyperabduction Syndrome 

On elevation of the arm the neurovascular bundle 
is forced by the tendon of the pectoralis muscle 
and its insertion on the coracoid process to assume 
an angle of nearly 90°. The result may be compres
sion of the subclavian artery (Fig. 21.1.7). As al
ready mentioned, abduction of the arm causes si
multaneous narrowing of the costoclavicular 
space. Consequently costoclavicular compression 
may be a contributing factor. 

Finally, compression of the neurovascular 
structures in the region of the shoulder may also 
be caused by a poorly healed fracture of the first 
rib or of the clavicle, by an exostosis of the first 
rib, by fusion of the first with the second rib, or 
by other congenital or aquired anomalies 
(Fig. 21.1.8). 
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B. Vascular Complications 
in Neurovascular Compression Syndromes 

The three most important arterial complications 
are [2, 3]: 

1. Formation of mural thrombi due to local vascu
lar lesions 

2. Development of poststenotic aneurysms 
3. Thrombotic occlusion of the diseased or aneu

rysmatic vessel 

I. Formation of Mural Thrombi Due to Local 
Vascular Lesions 

Repeated compression of an artery can lead to 
ulcerative lesions of the intima and the related for
mation of thrombi which may dislodge and cause 
peripheral embolic occlusions. An arterial lesion 
resulting from compression within the costoclavic
ular space is usually first recognized by the occur
rence of peripheral embolisms in the finger arteries 
and is often misdiagnosed as Raynaud's disease. 

II. Development of Poststenotic Aneurysms 

Poststenotic aneurysm of the subclavian artery is 
the result of turbulence in the blood flow following 
narrowing or kinking of the vessel in the region 
of a cervical rib or in the costoclavicular space 
(Fig. 21.1.8). Within these aneurysms, usually 

<l Fig. 21.1.7. Distal compression of the subclavian artery 
by the tendon of the pectoralis minor muscle 

Fig. 21.1.8. Compression of the artery between the clavi
cle and an exostosis of the first rib with development 
of poststenotic aneurysm 
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larger thrombi form, which may become detached, 
causing embolic occlusions of upper- and forearm 
arteries. The subclavian aneurysm itself usually re
mains asymptomatic. In the majority of cases, the 
first symptom is an acute occlusion of an upper 
extremity artery. 

ill. Thrombotic Occlusions of the Diseased 
or Aneurysmatic Subclavian Artery 

The third severe complication is acute subclavian 
artery occlusion, which is caused by mural lesions 
and the related formation of thrombi or by throm
bosis of the poststenotic aneurysm. In such cases, 
there is the risk of extension of the localized occlu
sion by additional thrombosis distally or proxi
mally, or even in both directions (see p. 527ff.). 

Distal progression may cause ischemia of the 
fingers or the hand. Extension in a proximal direc
tion endangers the vertebral artery and, in the case 
of an occlusion of the right subclavian artery, even 
the carotid artery. 

Venous Complications. Repeated compression of 
the neurovascular structures may also injure the 
subclavian vein, resulting in an acute axillary vein 
thrombosis, i.e., the Paget-von-Schrotter or tho
racic inlet syndrome; Fig. 21.1.9). This thrombosis 
may also extend proximally and distally. Pulmo
nary embolism is relatively rare. Phlegmasia coeru
lea dolens with gangrene of the upper extremity 
is extremely rare. 

Fig. 21.1.9. In the case of a costoclavicular compression 
syndrome not only the artery and the plexus, but also 
the subclavian vein are compressed 

C. Indications for Operative Treatment 

The treatment of neurovascular compression syn
dromes may be conservative or operative [1, 4, 
6]. Conservative treatment may be tried in cases 
with mild or moderately severe symptoms. The pa
tient is advised to avoid certain movements and 
positions and is put on an exercise program to 
strengthen cervical and shoulder muscles and to 
improve posture. However, this conservative ther
apy does not prevent the development of arterial 
or venous complications. In patients without 
symptoms or signs of such complications, surgery 
is usually not indicated. 

Operative correction of compression is indicat
ed when severe symptoms are not improved by 
conservative therapy. When there are signs of vas
cular complications, operative treatment is always 
indicated. Cervical ribs and osseous anomalies of 
the upper thoracic outlet, e.g., an abnormal first 
rib and exostosis of the first rib, fusion of the first 
with the second rib, or exaggerated callus forma
tion following fracture of the clavicle, represent 
a significantly greater risk of vascular complica
tions. In such cases operative intervention is ur
gently indicated, even if there has been no evidence 
of vascular complications. 
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Compression of the subclavian vein in the up
per thoracic outlet is an indication for surgery if 
symptoms are severe and phlebographic findings 
are significant. Thrombotic occlusion of the sub
clavian vein may be treated operatively or conser
vatively. There are several possibilities for treat
ment of axillary vein thrombosis. Besides conser
vative or thrombolytic therapy, venous thrombec
tomy is possible in some cases. It is our opinion 
that, following successful venous thrombectomy, 
the first rib must be resected to eliminate the cause 
of the thrombosis and to prevent early recurrent 
thrombosis. For the same reason, the first rib 
should also be resected following successful lysis. 
Opinions are divided as to whether the rib should 
be resected following conservative treatment of an 
axillary vein thrombosis. However, we think that 
in this case resection is necessary to increase the 
possibility for undisturbed recanalization of the 
subclavian vein and for the undisturbed develop
ment of sufficient collateral circulation in the cos
toclavicular space. 

Fig. 21.1.10. Positioning and location of the arm for left 
side transaxillary rib resection. The arm should not be 
drawn up nor abducted more than 90° 

Fig. 21.1.11. The arm is padded with cotton, suspended I> 
without traction, and abducted 90° 
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D. Operative Approach 

There are several possible approaches to the upper 
thoracic outlet. Using the supraclavicular ap
proach, access can be gained only to the anterior 
segment of the first rib. The rib cannot be resected 
far enough dorsally. The infraclavicular approach 
has the same disadvantage. A combination of su
pra- and infraclavicular incisions provides good 
access to the subclavian artery and the anterior 
segment of the first rib if the clavicle is divided 
or partially resected. Access to the posterior seg
ment of the first rib, however, is impossible except 
at great risk to the brachial plexus. In cases of 
compression syndrome of the upper thoracic out
let, where it is essential that the brachial plexus 
be decompressed, the posterior segment of the first 
rib must be resected. Under these circumstances 
the only possibility of gaining adequate access to 
the dorsal portion of the rib is the transaxillary 
approach [1, 4, 6]. This approach has several ad
vantages. First, it is relatively simple. No muscles, 
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osseous or other vital structures have to be di
vided, only the skin and subcutaneous tissue. The 
neurovascular structures are easily exposed and 
identified. Moreover, wound healing is good and 
the cosmetic result is excellent. The most impor
tant advantage, however, is that the entire neu
rovascular structure is exposed by a transaxillary 
incision following resection of the first rib or the 
cervical and the first rib. Also, if arterial recon
struction is necessary, it presents no problem. An 
additional thoracic sympathectomy may also be 
performed without difficulty. 

E. Positioning 

For transaxillary resection of the first rib and the 
cervical rib, the patient is placed in a lateral posi
tion, with the contralateral lower limb flexed 
(Fig. 21.1.10). A cushion is placed between the 
knees. The pelvis and the back are supported. The 
lower arm is somewhat anteverted and externally 
rotated and may be used for measurement of 
blood pressure and for infusion. The arm on the 
diseased side is abducted and fixed on a holder 
(Fig. 21.1.11). Care should be taken not to hyper
abduct the arm (not more than 90°-100°) and not 
to elevate it too much; otherwise, the plexus may 
become overstretched. It is not necessary to have 
the arm wrapped in sterile drapes and held by an 
assistant. When the arm is drawn up, the wound 
becomes deeper and less clearly visible. And, as 
mentioned above, drawing the arm up too far may 
cause overstretching of the plexus. 

F. Transaxillary Resection of a Rib 

The curvilinear incision is located in the region 
of the axillary hair border at the level of the third 
rib (Fig. 21.1.12). If the incision is too high, lymph 
vessels and lymph nodes in the axilla may be in
jured, resulting in disturbances of wound healing. 
The lateral thoracic artery and the thoracoepigas
tric vein pass within subcutaneous tissue in the 
midaxillary line. They must be sacrificed. The sub-

Fig. 21.1.13. a The thoracic wall is reached by division I> 
of the skin and subcutaneous fatty tissue. b The lateral 
thoracic artery and the thoracoepigastric vein are sacri
ficed 
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Fig. 21.1.12. The skin incision is made at the level of 
the third rib 
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Fig. 21.1.14. On reaching the thoracic wall, the dissec
tion continues cranially through the soft fatty tissue of 
the axilla, which is liftet off the thoracic wall, together 
with the lymph nodes 

cutaneous fatty tissue is divided in a direct ap
proach to the thoracic wall (Fig. 21.1.13a, b). The 
anterior border of the latissimus dorsi muscle and 
the posterior border of the pectoralis major muscle 
are dissected (Fig. 21.1.14). Exposing the border 
of the latissimus dorsi muscle, one must be careful 
not to injure the long thoracic nerve and the thora
codorsal nerve, which pass under the margin of 
the muscle. Once the thoracic wall has been 
reached, the soft fatty tissue of the axilla, together 
with the lymph nodes, are retracted proximally 
and dissected from the thoracic wall. Dissection 
is continued cranially over the thoracic wall, in 
the direction of the first rib. The intercostobrachial 
nerve, passing from the second interspace to 
the axilla, is preserved whenever possible 
(Fig. 21.1.15). Division of this nerve results in an
esthesia of the axilla and the dorsal side of the 
upper arm. The superior intercostal vessels per
forating the intercostal muscle of the first inter
space are ligated and divided. The axilla and the 
first rib are now clearly exposed. The subclavian 
vein is identified ventrally as well as the subclavian 
artery and the plexus in the middle. As soon as 
the plexus is identified, it is important to check 
the tension. If the tension is too great, then the 
arm has been lifted too high and must be loosened 
somewhat. Now, in anteroposterior order, the fol
lowing structures are visible (Fig. 21.1.16): 
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- The costoclavicular ligament. 
- The tendon of the subclavian muscle. 
- The subclavian vein. 
- The anterior scalene muscle. 
- The subclavian artery. 
- The brachial plexus. 
- The medial scalene muscle attached to the inner 

wall of the first rib dorsal to the scalene tubercle. 
The posterior scalene muscle passes dorsal to 
the second rib. In these circumstances one can 
determine whether a scalenus minimus muscle 
exists. 

All these muscle insertions are much better visual
ized and better exposed when the surgeon's left 
hand presses the second rib firmly inward. 

First, the posterior scalene muscle is dissected 
off the second rib and the medial scalene muscle 
off the first rib, providing better exposure of the 
posterior segment of the first rib and of the plexus. 
Anteriorly, the tendon of the subclavian muscle 
is divided very ventrally down to the manubrium 
sterni; for this purpose, the subclavian vein is sepa
rated from the tendon of the subclavian muscle 
by means of a small cotton applicator and re
tracted (Fig. 21.1.17). Division of the anterior sca
lene muscle is the next step. The subclavian vein 
is located on its ventral side, the subclavian artery 
and the brachial plexus on its dorsal border. If 
these two structures are carefully retracted using 
a cotton applicator, a right-angled clamp may be 
passed underneath the head of the anterior scalene 
muscle. Only when one is absolutely sure that the 
artery and the vein will not be injured is the muscle 
divided 1 cm above the scalene tubercle 
(Fig. 21.1.18). All the remaining muscle fibers and 
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Fig. 21.1.15. The superior intercostal vessels are ligated 
and divided. The intercostobrachial nerve is preserved 
whenever possible 
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Fig. 21.1.16. In anteroposterior order, the following 
structures are visible: costoclavicular ligament, tendon 
of the subclavian muscle, subclavian vein, anterior sca
lene muscle, subclavian artery, brachial plexus, medial 
scalene muscle, posterior scalene muscle, thoracodorsal 
nerve, and long thoracic nerve 
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Fig. 21.1.17 a, b. When dividing the tendon of the subcla
vian muscle, the subclavian vein and the plexus are re
tracted by a cotton applicator 

Fig. 21.1.18. A right-angled clamp is passed underneath 
the anterior scalene muscle and only then is the muscle 
divided 1 em above the scalene tubercle 
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fibrotic structures still attached to the first rib are 
removed with a right-angled raspatory, carefully 
preserving the periosteum of the first rib 
(Fig. 21.1.19). 

Within the first interspace the muscles are ini
tially divided by thermocautery and then with 
scissors until the pleura is reached (Fig. 21.1.20 a). 
On the ventral side, the incision extends to the 
sternum, on the dorsal side to the transverse pro
cess. The pleura is bluntly dissected off the inner 
side of the first rib, using the finger (Fig. 21.1.20b). 

Next, all muscles and remaining soft tissue are 
removed from the first rib with an angled raspa
tory, sparing the periosteum. In particular, the an
terior and posterior segments of the first rib are 
cleaned. The first rib is now completely isolated 
and may be resected. Curved (45°) rib scissors of 
the type developed by BEAUJEAN are best used for 
the resection. When dividing the rib at the anterior 
end, the scissors must be placed so that, first of 
all, the rib is divided directly at the manubrium 
sterni, and, secondly, the rib is divided completely 
by a single cut. The scissors are placed somewhat 
obliquely for definite removal of the entire inner 
rim of the first rib (Fig. 21.1.21 a). When dividing 
the rib at the posterior end, care must be taken 
not to catch the first thoracic root as well. With 
the nerve retracted dorsally by means of a spatula, 
the first rib can be divided as far dorsally as possi
ble without danger (Fig. 21.1.21 b). Following re
section of the first rib one has to look for sharp 
or acute borders. If found, they must also be re
sected to prevent damage of the neurovascular 
bundle by postoperative arm movements. Second, 
the artery and vein are carefully examined and 
remaining fibrotic bands are resected. One should 
examine the artery carefully for dilatations and 
wall thickenings. 

If the pleura has been injured accidentally, one 
should not try to close the opening. It can even 
be extended to allow blood and other fluids to 
drain from the pleural cavity. It is important that 
there be no wound hematoma. A hematoma, on 
becoming organized, causes a fibrotic encapsula
tion of the neurovascular bundle, resulting in new 
compression symptoms. Additionally, a Redon 
drain is placed in position. The suspended arm 
is loosened somewhat, whereby the wound is al
most completely closed. Only the skin and subcu
taneous tissue are closed by interrupted sutures. 
Postoperatively, the arm is abducted 90° to avoid 
adduction contraction. Mobilization starts on the 
1st postoperative day. 
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I 

Fig. 21. 1.20 a, b. The intercostal muscles are divided by 
thermocautery (a) and the pleura is bluntly dissected 
off the inner surface of the first rib, using the index 
finger (b) 

Fig. 21.1.21. a The rib scissors are placed somewhat c> 
obliquely on both ends of the rib so that the entire inner 
border of the first rib can be removed. b The first thorac-
ic root of the brachial plexus is retracted dorsally with 
a nerve spatula while dividing the rib 

; 
; 

a 
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Fig. 21.1.19. Remaining muscle 
fibers and fibrotic tissue are 
removed from the first rib with a 
right-angled raspatory, leaving the 
periosteum intact 

b 
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G. Transaxillary Resection 
of a Cervical Rib 

Positioning and operative approach are the same 
as for the transaxillary resection of the first rib 
(Fig. 21.1.22). The division of the posterior scalene 
muscle, the subclavian muscle, the scalene muscle, 
and the intercostal muscles, as well as dissection 
of the first rib, is performed in the manner de
scribed for the resection of the first rib. The anteri
or scalene muscle is also divided. When a cervical 
rib is present, the anterior scalene muscle is always 
hypoplastic and sometimes even rudimentary. 

Behind the protruded tubercle of the anterior 
scalene muscle, the anterior part of the cervical 
rib and its insertion on the first rib is visualized. 
The subclavian artery and the plexus are retracted 
ventrally by a small cotton applicator, allowing 
visualization of the dorsocranial course of the cer
vical rib. Sometimes, the cervical rib and the poste
rior part of the first rib are so close together that 
it is difficult to feel the gap between them. 

Before dissecting the cervical rib, the first rib 
should be divided ventrally and dorsally (Fig. 
21.1.23). A fixation forceps is placed on the first 
rib. Pulling it toward the surgeon gives better ac
cess to the cervical rib. The cervical rib may be 
dissected up to the C7 transverse process by a 
small raspatory. When dissecting the cervical rib, 
again, care must be taken not to damage the lower 
root of the brachial plexus riding over the cervical 
rib. It is important always to retract the plexus 
ventrally with a small cotton applicator when dis
secting the cervical rib, so as not to injure it with 
the raspatory. When dissection is complete, the 
cervical rib is divided within the joint cavity to 
the seventh cervical vertebra. Fine, sharply 
pointed, and either straight or slightly curved bone 
scissors are most suitable. The specimen - the first 
rib together with the cervical rib - is then removed. 
The wound is closed in the manner described on 
p. 562) (Fig. 21.1.23). 

Fig. 21.1.22. For transaxillary resection of the cervical 
rib the axilla is exposed in the same manner as for the 
resection of the first rib 

Fig. 21.1.23. Initially, the first rib is divided at its dorsal 
and ventral ends. It is pulled outwards, providing better 
access to the cervical rib. While dissecting the cervical 
rib, the plexus is retracted from it 

H. Transaxillary Reconstruction 
of the Subclavian Artery 

To date, the transaxillary exposure of the subcla
vian artery has hardly ever been mentioned in the 
literature. There are numerous approaches for the 
reconstruction of the subclavian artery: supra- and 
infraclavicular approaches or the combination of 
both with or without division or resection of the 
clavicle. These procedures are not necessary for 
the approach to the subclavian segment that ex
tends from the origin of the vertebral artery to 
the brachial artery. The transaxillary approach 
provides good exposure, lower risk, less blood loss, 
a significantly lower postoperative morbidity, and 
a much better cosmetic result. 

It is also important to consider that, with other 
approaches, it is very difficult, if not impossible, 
to resect a cervical rib or the first rib when they 
are causing pathologic changes in this segment of 
the subclavian artery. 

When the pathologic findings are limited to 
that segment of the subclavian artery distal to the 
origin of the vertebral artery, positioning and ap
proach are the same as for resection of the first rib. 
Also, a saphenous vein graft can be harvested from 
the groin in this position if necessary; however, 
it is preferable to harvest the vein beforehand with 
the patient in a supine position. The operation 
starts with resection of the first (and cervical) rib, 
as already mentioned. Following removal of both 
ribs, the subclavian artery is identified and dis
sected. Double vessel loops are placed around the 
arterial branches that are to be preserved. Crossing 
tributaries of the subclavian vein are double-ligat
ed and divided. The subclavian artery can always 
be exposed up to the origin of the vertebral artery 
or the internal thoracic artery using this approach. 
It may even be possible to dissect the subclavian 
artery proximal to these two branches. However, 
on the right side, care must be taken of the recur
rent nerve. 

The artery may be dissected far into the distal 
axilla. If necessary, the brachial artery can be ex
posed through a second incision in the medial bicip
ital groove of the upper arm, between the median 
and ulnar nerves. Usually, the proximal transec
tion of the subclavian artery is performed just dis
tal to the origin of the vertebral artery. The subcla
vian artery then has to be cross-clamped just prox
imal to the origin of the vertebral artery. With 
the axillary approach, this can be done without 



566 M.G.M.H. BARWEGEN and R.J.A.M. VAN DONGEN: 21.1 Neurovascular Compression Syndromes 

difficulty; likewise cross-clamping of the vertebral 
artery and the internal thoracic artery poses no 
problem. The same holds for the anastomosis to 
the proximal subclavian segment. Saphenous vein 
harvested from the groin is the prefered graft ma
terial. Only when the subclavian artery is very 
wide, or when there is no suitable vein available, 
a prosthetic graft should be used. Following recon
struction, a Redon drain is placed in position, and 
the wound is closed. 

Postoperatively, the extremity is immobilized 
and abducted 90° on a pillow in bed. On the 6th 
postoperative day, mobilization is started. The 
arm is kept in a sling for another 5 days. Exercises 
for the shoulder, which are performed under the 
supervision of a physiotherapist, should not re
quire the arm to be abducted more than 90° for 
the first few weeks. 
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A. Definition 

Patients presenting with the so-called celiac artery 
compression syndrome suffer from abdominal 
symptoms resulting from external compression of 
the celiac axis or its surrounding structures by the 
medial arcuate ligament of the diaphragm. The 
underlying cause is an anatomic disproportion be
tween the aortic hiatus and the origin of the celiac 
axis [2, 3, 6, 8]. The mechanism of compression 
is shown in Fig. 21.2.1. 

Fig. 21.2.1. Sagittal section of the vertebral column and 
the aorta at the level of the origin of the celiac axis 
and the superior mesenteric artery, with eccentric com
pression of the celiac axis and its surrounding structures 
by the median arcuate ligament of the diaphragm 

The effects of this compression are sometimes 
interpreted as disturbances in hemodynamics [1, 
2,4,10], sometimes as irritation of the celiac plex
us [5, 6, 7]. Both versions lack a sound pathophys
iologic basis, and this explains that doubts are 
sometimes expressed concerning the existence of 
the syndrome [9, 12]. Therefore, it makes sense 
not to use the term" celiac artery compression syn
drome," which suggests an exclusively vascular 
ischemic etiology, but rather terms like "neurovas
cular compression syndrome of the aortic hiatus" 
or "median arcuate ligament syndrome" [11]. 
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B. Anatomy (Fig. 21.2.2) 

In 80% of cases, the origin of the celiac axis on 
the anterior wall of the aorta is located between 
the lower third of the twelfth thoracic vertebra 
and approximately the middle of the first lumbar 
vertebra. A higher origin, at or above the level 
of the twelfth thoracic vertebra, has been found 
in 20% of autopsies. The length of the celiac axis 
may vary between 4 mm and about 4 cm. Usually, 
it branches into the common hepatic and the splen
ic artery. In 90% of cases, it shows a third branch, 
the left gastric artery, which usually branches off 
alone from the proximal trunk. A common origin 
of the left gastric, common hepatic, and splenic 
arteries, forming a tripus, is found in only 25%. 
The left gastric artery originates directly from the 
aorta or from one of the branches of the celiac 
trunk (common hepatic or splenic artery) only 
rarely, in about 10% of cases. The phrenic arteries 
originate either directly from the aorta, at the level 
of the celiac trunk, or, with equal frequency, from 
the proximal segment of the latter. 

Common hepahc a 
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Fig. 21.2.2. Anatomy of the celiac axis. wit.h its proximal 
branches and side branches, the aorllc hiatus, and the 
celiac rlerve plexus, as seen through the lesser omentum 
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The initial segment of the abdominal aorta and 
the origin of the celiac trunk are confined laterally 
by the medial diaphragmatic crura, which arise 
from the first to the third lumbar vertebrae, leav
ing the aortic hiatus in between. The so-called me
dian arcuate band stretches between both crura 
in front of the aorta, creating a tendinous arch. 
The celiac plexus is located on the anterior wall 
of the aorta, largely comprising the origin of the 
celiac axis and the initial segments of its branches. 
The major splanchnic nerves join this largest sym
pathetic ganglion. These nerves originate from the 
fifth to the ninth thoracic ganglia, pass over the 
lateral and anterior aspects of the lower vertebra, 
and, after passing through the diaphragm.' termi
nate in the celiac ganglion. ParasympathetIc fibers 
of the vagus nerve terminate here as well. 

The ganglia of the plexus, which are mostly 
semilunar in shape, are often merged at the left 
side of the aorta. On the right side, by contrast, 
several smaller ganglia may be identified. The gan
glia themselves are connected to each other by ~u
merous fibers comprising the origin of the celiac 
axis and its branches. The nervous networks ori
ginating from the plexus itself pass along the arter
ies to the appropriate organs. 

C. Indication for Operation 

Given no clear pathophysiologic explanation for 
the syndrome, and therefore no sound therape~tic 
concept, the diagnosis of a median arcuate hga
ment syndrome and the decision to operate should 
not be forthcoming until all other possible causes 
of the symptoms - e.g., the more frequent abdomi
nal diseases - have been ruled out. 

Mechanical irritation of the celiac plexus seems 
the most likely cause of the syndrome if the pa
tient's complaints are completely atypical as com
pared with a true intestinal angina of vascular ori
gin and if there are no angiographic findings, such 
as collaterals, indicating a hemodynamically effec
tive compression [11]. Besides splitting the arcuate 
ligament, it is usually beneficial to resect mos~ of 
the diseased plexus and simultaneously the penar
terial sympathetic nerves of the proximal celiac 
trunk branches. Vascular reconstruction may not 
be necessary, even if a pressure gradient persists 
following splitting of the ligament. Also recon
struction is probably not defensible as the only 
operative measure undertaken. 
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When the patient's symptoms are typical of in
testinal angina, perhaps combined with morpho
logical secondary changes of an abdominal organ 
of vascular origin, vascular insufficiency of the ce
liac axis and its branches has to be considered 
[11]. In this case, reestablishment of normal blood 
flow is indicated. If this cannot be achieved by 
simple cutting of the median arcuate ligament, for 
instance because the stenosis fails to become dilat
ed or is already occluded, a reconstruction of the 
celiac trunk is required. Simultaneous resection of 
the plexus should be performed to exclude an addi
tional neurogenic component of the symptoms. 

D. Positioning and Location of Incisions 

For the operative therapy of the celiac artery com
pression syndrome, the procedure should be lim
ited to a transabdominal approach whenever pos
sible. More or less the same approaches are used 
as described for reconstruction of visceral arteries 
(see p. 592). 

Median laparotomy is most suitable. Possible 
alternatives are a right-side paramedian incision 
or a transverse incision of the upper abdomen. 
The left side thoracoabdominal approach, opening 
two cavities, should be restricted to extreme situa
tions, e.g., when a graft is to be anastomosed to 
the proximal aorta and this cannot be done using 
the abdominal approach alone. For all other ap
proaches, patients are placed in a supine position. 
It is important in positioning and draping of the 
operative field that access to the saphenous vein 
also be provided in case a graft is needed for recon
struction of the celiac axis (see p. 592). 

E. Exposure of the Celiac Axis 

Following laparotomy and careful exploration to 
exclude other intra-abdominal diseases, the celiac 
axis is exposed either through the hepatogastric 
ligament or the gastrocolic ligament (Fig. 21.2.3). 

When using the approach through the lesser 
omentum (Fig. 21.2.3 a), the left triangular liga
ment of the liver is first divided, and the mobilized 
left lobe of the liver carefully turned down and 
retracted to the right with a broad speculum. 
Then, the hepatogastric ligament is split in an 
avascular region, if possible. Crossing vessels are 

Transverse colon Stomach 

Upper border of 
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Fig. 21.2.3a, b. Approaches to the celiac axis through 
the lesser omentum (a) and through the gastrocolic liga
ment (b) 

double-ligated. The esophagus and stomach con
fining the operative field on the left lateral side 
are retracted to the left and downward. This proce
dure may be facilitated by placing a strong, 
smooth rubber tube around the esophagus. This 
procedure exposes the retroperitoneum with the 
underlying structures: the upper border of the 
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pancreas, the posterior segment of the diaphragm, 
and the celiac axis with its branches and surround
ing nerve plexus. 

The approach through the gastrocolic ligament 
(Fig. 21.2.3 b) begins with dissection of the greater 
curvature approximately in the middle of the 
stomach. Reaching up the cardia, the short gastric 
vessels are divided between ligatures and the fun
dus of the stomach is dissected off the diaphragm. 
Reflecting the stomach to the right (facilitated by 
placing a rubber band around it and pulling the 
colon downward) exposes the retroperitoneum in 
the region of the aortic hiatus, with the structures 
of the celiac axis region below it. 

F. Intraoperative Diagnostics 

Prior to the completed exposure of the celiac axis 
and the decision regarding further operative mea
sures, the stenosis of the celiac axis is tested for 
hemodynamic effectiveness. Besides the subjective 
assessment of pulsations of the celiac axis branches 
and the diagnosis of a possible bruit over the sten
osis, objective quantitative measurement of the 
disturbed hemodynamics is performed by compar
ing intravasal blood pressure in the aorta and in 
a poststenotic branch of the celiac axis (common 
hepatic or splenic artery). If collateral circulation 
via the pancreatic arcades and the gastroduodenal 
artery is verified angiographically, this artery must 
be cross-clamped prior to determination of the 
pressure gradient. The control measurement fol
lowing division of the celiac band, together with 
the clinical symptoms, and the angiographic mor
phology, decide whether vascular reconstruction 
will be necessary. Electromagnetic flow measure
ments before and after splitting of the ligament 
provides quantitative data on the increase of blood 
flow due to the therapeutic measures. In order to 
exclude vascular spasm by local manipulations, in
tra-arterial application of a vasodilator is advis
able. If a reconstruction is required, the final mea
surements of pressure and flow following recon
struction document the hemodynamic properties 
of the anastomosis. 
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G. Operative Measures 

I. Division of the Ligament and Resection 
of the Plexus (Fig. 21.2.4) 

Following longitudinal incision of the retroperito
neum, the dissection of the celiac axis and its sur
rounding structures is carried out, first exposing 
and placing a tape around those branches that are 
easily exposed, namely, the common hepatic artery 
and the splenic artery at the upper border of the 
pancreas (Fig. 21.2.4 a). Being in close contact 
with the vascular wall, the arteries are dissected 
in the direction of the celiac axis and freed from 
the surrounding structures of the celiac plexus. The 
first 1-1.5 em of the left gastric artery are dissected 
and denervated as well. One must be careful to 
note the possible anomaly of a vessel originating 
from the celiac axis and passing posteriorly, the 
so-called" anastomosis of Buhler." Following ex
posure and proximal denervation of the three ma
jor celiac branches, dissection is continued on the 
anterior aspect of the celiac axis. The nerve plexus 
covering the axis is resected (Fig. 21.2.4 b). Care 
must be taken of any phrenic arteries branching 
off; if accidentally divided, they may slip back into 
the retroperitoneal tissue and cause serious bleed
ing. 

Often, nerve fibers and structures of the gangli
on may not be clearly identified during the dissec
tion. The entire celiac axis may be covered by a 
fibrotic mass, significantly impairing the dissec
tion. When exposing a poststenotic dilatation of 
the celiac axis, special care must be taken not to 
injure the anterior wall of the artery, which is thin 
and highly vulnerable. 

Dissecting further in the direction of the aorta, 
the median arcuate ligament is finally exposed. In 
most cases it is stretched over the celiac axis like 
a tight band. A dissecting clamp is carefully in
serted beneath the band, and it is divided sharply 
with a scalpel between the jaws of the clamp for 
a considerable distance proximally (Fig. 21.2.4c). 
Following division of the ligament, a distinct 
groove can usually be seen on the artery, indicat
ing where compression was being exerted. Follow
ing division of the ligament, the anterior and later
al walls of the aorta at the origin of the celiac 
axis are also dissected and the surrounding ner
vous tissue removed. Finally, the celiac plexus is 
resected between the origin of the celiac axis and 
the superior mesenteric artery while the upper 
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Fig. 21.2.4a-d. Technique for division of the ligament 
and resection of the plexus. a Following incision of the 
retroperitoneum, the dissection of the the celiac axis and 
its surrounding structures starts with the placing of tapes 
around the common hepatic and splenic artery at the 
upper border of the pancreas. b Dissection and periarteri
al sympathectomy of the proximal branches of the celiac 
axis, and resection of the plexus at the anterior wall 
of the axis. c Division of the median arcuate ligament 
and longitudinal incision of the posterior crura of the 
diaphragm. d Removal of the celiac plexus between the 
origin of the celiac axis and the superior mesenteric ar- C 
tery 

border of the pancreas is mobilized and the celiac 
axis is retracted with a tape (Fig. 21.2.4d). 

Pressure and flow measurements will decide 
whether any further procedure is called for. If a 
furrow persists at the upper border of the celiac 
axis, one may attempt to dilate the stenosis care
fully from the inside, using heparinized saline solu
tion while the segment is cross-clamped by two 
bulldog clamps. 

ll. Vascular Reconstructions 

When reconstruction or revascularization of the 
celiac axis is required, the following methods may 
be used, depending on the approach, on local fac
tors such as a narrow costal arch, obesity, etc., 
and on th~ anatomic situation at the origin of the 
celiac axis: 

571 
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t. Resection of the Stenosis and Graft 
Interposition (Fig. 21.2.5) 

For this procedure, exposure of a sufficiently long 
aortic segment above the origin of the celiac axis 
is necessary; this is achieved by a large incision 
of the muscular posterior crura of the diaphragm. 
In cases of obesity or a narrow costal arch, this 

b 

Fig. 21.2.5a, b. Technique for resection of the stenosis 
and graft interposition. a Following complete cross
clamping of the branches of the axis and of the isolated 
thoracic aortic segment, the anterior wall of the aorta 
is opened by an elliptical excision. b Situation following 
suture of the proximal celiac axis stump and graft inter
position with proximal end-to-side anastomosis to the 
aorta and distal end-to-end anastomosis to the divided 
celiac axis 
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dissection of the aorta may cause considerable 
technical difficulties and may be possible only by 
a thoracoabdominal approach. The stress caused 
by opening two body cavities, however, is justified 
only if local anatomic situations, previous opera
tions, or extensive arteriosclerotic lesions of the 
distal aorta do not allow other reconstructions. 
Care should be taken of phrenic arteries originat
ing from the aorta and intercostal arteries branch
ing off dorsally. 

Cross-clamping of the aortic segment for anas
tomosing the graft may be complete or tangential. 
Tangential cross-clamping guarantees perfusion of 
the lower part of the body, especially of the kid
neys, but it may often be very difficult and is not 
without risk as the clamp may slip off. Complete 
cross-clamping of the aortic segment is safer and, 
provided the anastomosis is not too time consum
ing, does not entail an excessively long interrup
tion of blood flow to the kidneys (Fig. 21.2.5a). 
An oval incision is made in the anterior aortic 
wall for the proximal anastomosis with the graft, 
which is preferably a segment of great saphenous 
vein. When the graft has been anastomosed to the 
aortotomy, it is cross-clamped close to the anasto
mosis and the aorta is unclamped. The celiac axis 
is then divided, the proximal stump sutured, and 
the distal end anastomosed end-to-end to the graft, 
which has been tailored to the appropriate length 
(Fig. 21.2.5b). 

2. Bypass from the Proximal Aorta 

Approach, exposure of the aortic segment, and 
proximal anastomosis are identical to the proce
dure for graft interposition. The distal anastomo
sis of the bypass is performed after an appropriate 
segment has been isolated by cross-clamping. It 
is either anastomosed end-to-side to the celiac axis 
itself or to one of its branches, the common hepatic 
or the splenic artery. 

3. Resection of the Stenosis and Reinsertion 
(Fig. 21.2.6) 

Resection of the stenosis and reinsertion of the 
celiac axis into the aorta at a higher level is usually 
impossible because the distance is too great; there
fore, graft interposition is usually required (see 
above). The possibility of direct reimplantation of 
a celiac axis in the aorta below its natural origin 
depends on the length of the aortic segment be
tween the celiac axis and the origin of the superior 
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Fig. 21.2.6. Technique for resection of stenosis and reim
plantation of the celiac axis. After tangential placement 
of a Satinsky clamp on the aorta and oval excision of 
the anterior wall of the aorta between the origin of the 
celiac axis and the superior mesenteric artery, reimplan
tation of the divided celiac axis into the aorta is per
formed by an end-to-side anastomosis 

mesenteric artery, which varies between a few milli
meters and 2 cm. If the arterial segment is suffi
ciently long to create a new orifice in the aorta, 
a new elliptical orifice is excised at the anterior 
wall of the aorta, between the origin of the celiac 
axis and the superior mesenteric artery, following 
complete or tangential cross-clamping of the ap
propriate segment. The celiac axis itself is divided 
and the proximal end closed by suture ligation 
or over-and-over suture. The stenosis is resected 
at the distal end and the poststenotic segment 
reimplanted into the aorta. 

4. Resection of the Stenosis and End-to-End 
Anastomosis (Fig. 21.2.7) 

This method of reconstruction may be performed 
when there is a sufficiently long segment of the 
celiac axis of normal caliber proximal to the site 
of compression, providing the possibility of rean
astomosing the distal celiac axis following resec
tion of the stenosis. Simple proximal cross-clamp
ing of the celiac axis does not provide adequate 
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Fig. 21.2.7a, b. Technique for resection of the stenosis 
and end-to-end anastomosis. a Following placement of 
a Satinsky clamp on the aorta or complete cross-clamp
ing of the aortic segment at the origin of the celiac axis 
and cross-clamping of the celiac axis branches, the dis
eased segment of the celiac axis is resected. b The stumps 
of the celiac axis are anastomosed end-to-end using in
terrupted sutures 

exposure for resection of the stenotic segment and 
rejoining of the two stumps of the celiac axis. As 
with the reimplantation procedure, an area includ
ing the entire origin of the celiac axis, together 
with a segment of the aorta, must be clamped off 
(Fig. 21.2.7 a). The stenosis is then resected and 
an end-to-end anastomosis of the celiac axis 
stumps is performed (Fig. 21.2.7b). Luminal dis
crepancies can be overcome by beveling the end 
of the smaller vessel. 

5. Bypass from the Distal Aorta 

A vein bypass from the infrarenal aorta to one 
of the branches of the celiac axis is the easiest 
and safest procedure for reconstruction of a celiac 
axis stenosis. When there is clear indication for 
operation preoperatively (for instance, celiac axis 
occlusion), dissection in the region of the celiac 
axis may be abandoned and the graft anastomosed 
to the common hepatic artery or the splenic artery. 
The technique is identical to that for arteriosclerot
ic occlusions of the celiac axis (see p. 601). 
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6: In Situ Bypass 

Patients suffering from celiac artery compression 
syndrome are usually not at the age at which pa
tients present with arteriosclerosis. Therefore, in 
most of these patients, the splenic artery is intact. 
An aortosplenic in situ bypass may also be consid
ered since stenotic lesions do not usually occur 
in the region where the celiac artery divides to 
form the common hepatic and splenic arteries. The 
disadvantage of this reconstruction consists in the 
very time-consuming dissection of an appropriate 
segment of the splenic artery at the upper border 
of the pancreas. The technique is the same as with 
the in situ bypass for arteriosclerotic occlusions 
of the celiac axis (see p. 600). 

7. Endarterectomies 

A direct open or transaortic endarterectomy of the 
celiac axis is not usually considered in cases of 
celiac artery compression syndrome because the 
stenosis is mostly caused by thickened fibrotic inti
ma, which usually precludes dissection and appro
priate endarterectomy. 
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The superficial femoral artery leaves the subsarto
rial canal, entering the popliteal fossa proximal 
and medial to the sciatic nerve to become the pop
liteal artery (Fig. 21.3.1). The artery passes cen
trally through the intercondylar notch. Together 
with the vein and the tibial nerve, the artery passes 
to the lower border of the popliteal muscle and 
branches into the tibial artery and the tibiofibular 
trunk. In the popliteal fossa, the artery gives off 
a variable number of branches (sural arteries) as 
well as some important arterial collaterals, namely, 
the lateral and medial inferior and superior genicu
lar arteries, supplying the arterial network of the 
knee. At the level of the joint fissure, the medial 
genicular artery branches off from the anterior as
pect of the popliteal artery on its way to the knee 
joint. 

At the distal end of the popliteal fossa, the tibial 
veins form the popliteal vein. Often, two popliteal 
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Small 
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Fig. 21.3.1. The anatomy of the popliteal fossa 

veins are found. Between the heads of the gastroc
nemius muscles, the short saphenous vein is locat
ed in a duplication of the crural fascia. This vein 
perforates the fascia at varying levels to enter the 
deeper located popliteal vein (see p. 705). Also, 
the genicular veins, accompanying the lateral and 
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medial superior and inferior genicular arteries, join 
the popliteal vein. 

At the upper end of the popliteal fossa, the 
artery is located medial and the tibia nerve lateral 
to the popliteal vein. On its course through the 
popliteal fossa, the artery gradually assumes a 
more anterior position with respect to the vein, 
which is covered on its dorsal side by the tibial 
nerve. Artery and veins are comprised of common 
connective tissue sheaths and are easily identified, 
especially at the caudal end of the popliteal fossa. 

B. Classification of Entrapment Syndromes 

I. According to Insua 

Sometimes, owing to anomalous anatomic rela
tions between the popliteal artery - and possibly 
also the popliteal vein - on the one hand, and 
the muscles within the popliteal fossa on the other, 
the artery may be compressed by contraction of 
the muscle. In such cases the artery is compressed 
during each plantar flexion, thereby temporarily 
reducing the blood flow to the lower leg and possi
bly leading to secondary lesions of the vascular 
wall and intermittent claudication. 

The various relations between the artery and 
the muscles were divided into four groups by IN
SUA, YOUNG, and HUMPHRIES [12] in 1970 
(Fig. 21.3.2). In the first two groups, the popliteal 
artery deviates medially. In the other two groups, 
the artery is located in its normal position, but 
is compressed by structures crossing the popliteal 
fossa. All congenital anatomic malformations can 
be subsumed under these four headings. 

The Insua classification of the popliteal entrap
ment syndrome is as follows: 

Type 1: The popliteal artery passes medially over 
the dorsal surface of the medial head of the gas
trocnemius muscle. Further distally, it is located 
in its normal position ventral to the muscle. In 
other cases, the artery passes through the medial 
head [13]. In rare cases, the vein participates in 
the anomalous course. The muscles do not show 
any pecularities. 

Fig. 21.3.2a-e. Possible anatomic variants of the popli- c> 
teal fossa. a Normal position of the popliteal artery and 
vein and the surrounding muscles (see Fig. 21.3.1). 
b Type 1. c Type 1 a. d Type 2. e Type 2a 
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Type 1 a: The medial head of the gastrocnemius 
muscle is displaced in a craniolateral direction. 
The artery passes in the same way as in type 1, 
but with less deviation. In this case, also, the vein 
may accompany the artery [14]. 

According to Insua, most compression mecha
nisms belong to types 1 a and 1 b. 

Type 2: The medial head of the gastrocnemius 
muscle has an accessory head arising more lateral
ly; or, the plantar muscle has an anomalous 
course. In both cases muscle tissue may compress 
the artery, even though it may not deviate from 
its normal course. 

Type 2 a: Muscle fibers ansmg from the lateral 
femoral condyle insert at the medial head of the 
gastrocnemius muscle instead of centrally at the 
lateral head. Here, too, a normally coursing popli
teal artery may be compressed by anomalous 
bands of muscle. 

Type 1 a 
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II. Other Types of Entrapment 

HOHMANN [11] describes a patient in whom the 
popliteal artery was compressed by an anomalous 
motoric branch of the tibial nerve to the medial 
head of the gastrocnemius muscle. The compres
sion caused thrombosis of the artery. 

DOWNS [8] and also BAKER [1] described an 
acquired type of compression. In each case an in
fragenicular bypass was constructed medial to the 
gastrocnemius muscle, resulting in compression of 
the graft. Following transection of the medial 
head, the graft assumed the normal position. Af
terwards the patients were free of symptoms. 

An excessive hypertrophy of the gastrocnemius 
muscle may cause intermittent claudication. The 
hypertrophic heads of the muscle compress the 
popliteal artery during contraction. Simultaneous
ly, there may be compression of the popliteal vein 
as well [2, 3, 18]. 

The popliteal vein may show an anomalous 
course, usually together with a displaced popliteal 
artery [10, 17]. Only once has compression been 
reported due to an anomalous course of the popli
teal vein where the artery was in its normal posi
tion [6]. 

Type 2 Type 2a 
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C~ Indication for Surgery 

Trea~ment of this entrapment syndrome is always 
surgtcal. The morphological changes of the vessel 
~all a~e initially limited to intimal and medial pro
liferatIon. The stenosis is initially reversible, but 
becomes irreversible. Ulcerative intimal lesions 
with adherent thrombi may develop, resulting in 
a. ~omplete occlusion. Thrombus growth by appo
sItIon may cause complete occlusion of the periph
eral vascular bed. 

Also, compression of the artery may cause a 
poststenotic aneurysm with mural thrombi. The 
thrombi on the aneurysm wall as well as on the 
ulcerative intimal lesions may cause embolism with 
peripheral occlusions. 

Treatment must begin as early as possible be
cause the complications mentioned are almost al
ways encountered. It is best if treatment can come 
at a time when only correction of the compression 
mechanism is necessary. If a reconstruction is re
quired, it is usually much easier to perform in 
young patients because of the good condition of 
afferent and efferent vessels. If a compression 
mechanism is diagnosed on both sides, the asymp
tomatic limb must also be operated on. 

D. Positioning and Operative Approach 

Operative procedures on the popliteal artery as 
well ~s on the anatomic structures causing com
pression may be performed using a dorsal or me
dial approach. When the procedure is limited to 
the correction of the compression mechanism -
perhaps accompanied by local vascular lesions -
the dorsal approach is preferred. The patient is 
placed in a prone position on the operating table 
with the feet free, in order to provide passive dor-

Fig. 21.3.3. Positio~ of the patient for the dorsal ap
proach to t~e popliteal a~ery. The knee joints are ex
tended. PaSSIve dorsal fleXIOn of the foot is not impaired 
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sal flexion of the foot during the procedure 
(Fig. 21.3 .3). 

The dorsal approach provides good exposure 
of the anomalous conditions. Not only gross 
anomalies, such as displaced medial head of the 
gastrocnemius muscle, but also smaller accessory 
muscle bundles or anomalous bands may be recog
nized more easily from the dorsal aspect. These 
compression mechanisms are much more difficult 
to recognize by the medial approach. 

Also, complications such as local vascular le
sions and poststenotic aneurysms that have not 
yet resulted in complete occlusion may be treated 
effectively using a dorsal approach. Operating in 
a prone position allows simultaneous treatment of 
the contralateral limb [15]. 

Since 1959, when HAMMING [9] performed the 
first successful operation for the entrapment syn
drome using an S-shaped curve, this method has 
found general acceptance. The incision starts at 
the site where the popliteal artery emerges from 
the subsartorial canal. Localization of this point 
is facilitated by slight flexion of the knee, allowing 
th~ pulse in the popliteal artery to be palpated 
(Fig. 21.3.4). The incision continues vertically 
down to the level of the joint fissure. Then, it turns 
laterally for a few centimeters. Finally, it continues 
downward again, reaching the level of the junction 
of both heads of the gastrocnemius muscles 
(Fig. 21.3.5). The fascia is opened through a longi
tudinal incision placed centrally between the con
dyles (Fig. 21.3.6). Care must be taken of the tibial 
nerve and its branches passing to the medial and 
lateral heads of the gastrocnemius muscles; they 
are sometimes located just beneath the fascia. Ad
ditional~y, there is an important sensory branch, 
the medial cutaneous nerve of the calf. 

In case of complete occlusion, reconstruction 
over lo~g segments (e.g., a bypass) may be per
formed In a supine position, as usual. In recon
structions over long segments, the medial ap
proach also has the advantage that a sufficiently 
long graft of greater saphenous vein may be har
vested without changing the patient's position. 
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Fig. 21.3.5. Location of skin and subcutaneous incision 

E. Technique of Exposure 

For the further steps in the procedure only general 
guidelines can be given which have to be adapted 
to the local anatomic situation. The fatty tissue 
and the connective tissue of the popliteal fossa 
must be divided along the course of the neurovas
cular bundle. Exploration in the medial or lateral 
direction, if required, must be carried out over the 
bottom of the popliteal fossa so that the popliteal 
lymph nodes and the accompanying lymph vessels 

579 

Fig. 21.3.4. Flexion of the knee joiot facilitates palpation 
of the p pliteal artery cranial in the popliteal fo a 
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Fig. 21.3.6. Location of popliteal fascia incision 

can be preserved. Dissection is carried out between 
the popliteal artery, which is palpable cranially, 
and the small saphenous vein distally. The small 
saphenous vein enters the operative field at the 
junction of the medial and lateral head of the gas
trocnemius muscle and perforates the fascia at a 
variable level. It serves as a guideline for the expo
sure of the popliteal vein. The small saphenous 
vein is located under the fascia, usually very super
ficially. It is accompanied over its entire length 
by the medial cutaneous nerve of the calf, which 
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must be carefully preserved. Dissection is often 
most difficult distal to the popliteal fossa because 
the nerves and vessels in this region have so many 
branches, often crossing one another. The tibial 
nerve with its various branches is visualized super
ficially, partially covering the popliteal vein. Be
hind the popliteal vein and somewhat more me
dially lies the artery. More cranially, the artery 
is located medial to the vein, while the sciatic or 
the tibial nerve passes lateral to the vein. When 
deeper structures, e.g., the popliteal muscle, have 
to be dissected, it is advisable to mobilize the neu
rovascular bundle first and then to dissect along 
the popliteal artery. 

F. Intraoperative Diagnostics 

The condition of the vascular wall may be judged 
by palpation. Intraoperative arteriography may 
give indications of the extent of the stenosis after 
decompression. However, it should be noted that 
the initial presence of a stenosis does not imply 
that it will persist. It is known that a peripheral 
pulse may become normalized, even some time 
after correction of the entrapment syndrome. 
However, a reconstruction will be necessary if the 
vascular wall is greatly altered or if an aneurysm 
or occlusion is found. 

Careful examination of the location of the ar
teries and the veins in relation to the other struc
tures of the popliteal fossa is also included in the 
intraoperative diagnostic measures. One should 
take careful note of any anomalies in the position 
of the medial head of the gastrocnemius muscle 
or any part of it; and one should likewise note 
accessory muscle fibers passing between both 
heads of the gastrocnemius muscles, the position 
of the plantaris muscle and the popliteal muscle 
in relation to the vessel, and finally the existence 
of fibrotic bands deep in the popliteal fossa. DAR
LING [7] has drawn attention to the possibility of 
proving a compression mechanism during the op
eration by passive dorsal flexion of the foot. A 
compression caused by hypertrophy of the gastroc
nemius muscles may be diagnosed in the same way 
[18]. 
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G. Operative Techniques 

I. Decompression 

The preferred treatment of the popliteal entrap
ment syndrome consists of correction of the com
pression mechanism. Usually, simple myotomy is 
sufficient. The blood vessel (usually the artery, 
sometimes the vein) is dissected by separation of 
the overlying muscles - almost always the medial 
head of the gastrocnemius muscle. In case of other 
anomalies, accessory muscle bundles or crossing 
fibrotic bands are divided. Then, the blood vessels 
are placed in their normal position, and the di
vided muscles repositioned or, if necessary, fixat
ed. The head of the gastrocnemius muscles may 
remain unsutured without causing loss of function. 
Anomalous muscle bundles or fibrotic bands are 
dissected as far as possible. When true muscle hy
pertrophy is the cause of the compression mecha
nism, those portions of the heads of the gastrocne
mius muscles which lie opposite each other are 
partially resected. Also in the case of localized le
sions of the vessel wall, such as thickening, or in 
case of a moderate remaining stenosis, simple 
myotomy is sufficient. However, it may take some 
months before the peripheral pulse is palpable or 
becomes completely normal. Occasionally periph
eral pulses never become palpable, though the pa
tient is free of symptoms [4, 5, 18]. 

II. Reconstruction 

In cases of extensive vascular lesions over a longer 
segment, the medial approach is preferred and the 
popliteal artery is bridged by an infragenicular 
graft (for technique see p. 397ff.). 

For treatment of local stenotic vascular lesions, 
endarterectomy in combination with a venous 
patch graft may be performed by a dorsal ap
proach and the use of segment of the small saphe
nous vein is preferred. The results with this meth
od, however, leave something to be desired. There
fore, it has recently become practice to resect the 
pathologic vascular segment and to replace it with 
a ·venous graft in the normal position between the 
structures of the popliteal fossa. It is usually neces
sary to use a segment of the great saphenous vein, 
but a segment of the small saphenous vein can 
also be used. 

A popliteal artery aneurysm must be completely 
isolated and continuity restored by means of a vein 
graft or a bypass (see p. 281). 
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An additional lumbar sympathectomy should 
be considered whenever peripheral pulses are ab
sent postoperatively. However, if ischemia is only 
slight, this procedure is not necessary since gradual 
improvement in the circulation may be expected 
without sympathectomy. 
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Popliteal artery entrapment is mostly found in 
young healthy males who begin to present increas
ingly severe symptoms of claudication in the lower 
leg [4]. Often, these symptoms occur following 
overexertion or long periods of physical activity. 
In the last few years, this syndrome has often been 
diagnosed in joggers and part-time sports partici
pants [6]. These symptoms are believed to be 
caused by compression of the popliteal artery, 
which is in tum due to an anomalous anatomic 
relation between the artery and the muscles in the 
popliteal fossa [2, 3, 5]. In the vast majority of 
cases, the course of the popliteal artery is displaced 
by an anomaly at the origin of the medial head 
of the gastrocnemius [1]. The deviation of the ves
sel causes kinking and, especially, a constant me
chanical alteration of the arterial wall, which is 
increased by sports activity. 

This chronic trauma leads to intimal lesions and 
consequently to the formation of thrombi; the fi
nal result is an occlusion. 

By way of a supplement to the chapter on the 
popliteal artery entrapment syndrome, this 
chapter describes another compression mechanism 
within the popliteal fossa causing not only com
pression of the artery, but of the entire neurovas
cular bundle. 

A. The Soleus Syndrome 

In sports that make special demands on the calf 
muscles, swelling and hypertrophy of the soleus 
muscle may cause its tendinous arch (arcus tendi
neus musculi solei) to compress the popliteal artery 
and vein as well as the tibial nerve where they 
enter the popliteal canal. This causes chronic me
chanical damage not only to the artery, as in the 
other compression mechanisms, but also to the 
vein and the nerve. This finally results in arterial 
and venous occlusion as well as damage to the 
tibial nerve. 

B. Topography of the Popliteal Fossa Outlet 

The popliteal artery and vein, as well as the tibial 
nerve, are deeply embedded in the fatty tissue of 
the popliteal fossa and pass distally, following a 
line defined by the long diagonal of the rhomboid 
popliteal space. They cross the planum popliteum 
femoris. They are then located on the posterior 
wall of the knee joint capsula and finally directly 
on the popliteal muscle. At the lower border of 
the popliteal muscle, the neurovascular bundle 
enters the popliteal canal, passing underneath the 
tendinous arch of the soleus muscle, fixed to the 
narrow entrance of the popliteal canal by short 
fibers of connective tissue [8, 9]. 

The soleus muscle arises from the posterior sur
face of the head and proximal third of the fibula, 
as well as from the popliteal line of the tibia. Both 
osseus origins are connected by the tendinous arch 
of the soleus muscle. This tendinous arch also 
serves as the muscle origin and, together with the 
lower border of the popliteal muscle, creates a hia
tus, the popliteal canal. The popliteal vessels and 
the tibial nerve pass through this canal. This nar
row opening can become even narrower due to 
swelling or hypertrophy of the soleus muscle; 
when this happens, the neurovascular bundle is 
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constricted. Artery, vein, and nerve are stretched 
over the tendinous arcade of the soleus muscle like 
a string over the bridge of a violin (Fig. 21.4.1). 

c. Symptoms and Diagnosis 

The symptoms of this special type of popliteal ar
tery entrapment syndrome are mainly character
ized by intermittent claudication or acute ischemia. 
Additionally, disturbances of the venous flow, as 
well as paresthesia and a sensation of weakness 
in the lower leg are described. 

In most cases, such patients are first seen when 
an acute lower leg ischemia has already occurred. 

Fig. 21.4.1. Popliteal region with soleus syndrome. The 
broken line shows the operative approach, dividing the 
arch of the soleus muscle and dissecting the insertion 
of the soleus muscle off the posterior edge of the tibia 

The patient describes increasing symptoms of clau
dication within the last few weeks, especially asso
ciated with sports activity. 

When the patient is examined upon being ad
mitted, the foot is white and cold, and pulses are 
absent. Clinical examination, Doppler ultrasonog
raphy, and angiography disclose occlusion of the 
popliteal artery somewhat distal to the knee joint 
cavity. 

If an arterial occlusion has not yet developed, 
the compression mechanism can be demonstrated 
by means of provocation tests. A significant sign 
of the entrapment syndrome is the disappearance 
of foot pulses upon extension of the knee, exten
sive plantar flexion of the foot, and a fall in blood 
pressure, as measured by a Doppler probe. 

In case of an acute angiographically proven oc
clusion of the popliteal artery in a young patient, 
one tries increasingly to recanalize the thrombotic 
occlusion by catheter lysis. This is successful in 
a relatively short time. On withdrawing the cathe
ter, however, one gets the impression of an elastic 
constriction in this region. Angiography through 
the catheter placed in the femoral artery reveals 
compression of the popliteal artery during exten
sion of the knee and plantar flexion of the foot. 
Following lysis, however, in the majority of cases, 
segmental thrombosis of the popliteal artery and 
ischemia of the lower leg recur. 

The neurologic examination of the patients 
should include electromyography or measurement 
of the velocity of nerve conduction. With these 
methods, significant indications of compression of 
the tibial nerve may be revealed even if the symp
toms are still tolerable. 

Compression of the contralateral neurovascular 
bundle should be excluded as well, even in the 
absence of symptoms, because the entrapment may 
exist on both sides. 

D. Therapy 

Surgery is always indicated when an entrapment 
syndrome is diagnosed. Only an operation can 
provide the needed therapy, which consists of de
compressing the artery or, in the case of the soleus 
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syndrome, the artery together with the vein and 
the nerves. 

In a young patient suffering from claudication, 
one should always regard an entrapment syn
drome as indicative of possible ischemic damage. 
If a thrombotic occlusion has already occurred, 
the popliteal region must be exposed as quickly 
as possible. In the early stages of the occlusion, 
it may still be possible to restore vessel patency. 
However, if the vessel is already irreversibly dam
aged or if a thromboendarterectomy is no longer 
possible, then it is necessary to resect this vascular 
segment and replace it with a vein graft. 

It is seldom possible to diagnose the exact com
pression mechanism preoperatively. 

In the case of the soleus syndrome, the popliteal 
artery is exposed by a medial approach (see 
p. 281). The patient is placed in a supine position, 
with the leg flexed at the hip and rotated external
ly. The knee is flexed and supported by sterile 
cushions so that it may be moved intraoperatively. 
The medial approach always provides exposure of 
the entire popliteal artery and, if needed, of the 
superficial femoral artery as well as the branches 
to the lower leg. For exposure of the third popliteal 
segment and the trifurcation, a skin incision 1 cm 
dorsal to the medial edge of the tibia is sufficient. 
Following division of the fascia, the medial gas
trocnemius muscle is retracted dorsally. Deep 
within the incision, the neurovascular bundle, lo
cated on the popliteal muscle, is dissected, a tape 
is placed around it, and the vessels are inspected. 
In the case of the soleus syndrome, an extremely 
hypertrophic soleus muscle will be found. Its ten
dinous arch presses the neurovascular structures 
to the inferior border of the popliteal muscle and 
to the complex of connective tissue within the 
tibiofibular interosseous space. 

The thrombosed vessel is expanded in a bulb
like manner by the thrombus, which becomes coni-

cal toward the periphery. The tibial nerve may 
show a clearly visible furrow. 

For correction of the compression mechanism 
in the case of the soleus syndrome, the popliteal 
canal must be dilated. This may be accomplished 
by division of the origin of the soleus muscle at 
the posterior surface of the tibia. 

Additionally, the tendinous arch of the soleus 
muscle is divided. This procedure eliminates the 
constriction and provides exposure of the trifurca
tion. When there is no possibility of performing 
thromboendarterectomy of the occluded vessel, or 
when there are severe degenerative lesions [7], the 
only possible procedures are resection of the oc
cluded segment and interposition of an autogenous 
saphenous vein graft. 

REFERENCES 

1. Delaney TA, Gonzales LL (1971) Occlusion of pop li
teal artery due to muscular entrapment. Surgery 
69:97-101 

2. Ezzet F, Yettra M (1971) Bilateral popliteal artery 
entrapment. J Cardiovasc Surg 12:71 

3. Haimovici H, Sprayregen S, Johnson F (1972) Popli
teal artery entrapment by fibrous band. Surgery 
72:789-792 

4. Ikeda M, Iwase T, Ashida K, Tankawa H (1981) Pop
liteal artery entrapment syndrome. Am J Surg 
141 :726-730 

5. Lowe JW, Whelan TJ (1965) Popliteal artery entrap
ment syndrome. Am J Surg 109: 620-624 

6. Madigan RR, Mc Campbell BR (1982) Thrombosis 
of the popliteal artery in a jogger. J Bone Joint Surg 
[Am] 64:1490-1492 

7. Palma EC (1978) The soleus syndrome. J Cardiovasc 
Surg 19:615-622 

8. Sieglbauer F (1927) In: Lehrbuch der normalen Ana
tomie des Menschen. Urban and Schwarzenberg, Ber
lin Wien 

9. Toldt C, Hochstetter F (1928) In: Anatomischer At
las, vols 1 and 2, 14th edn. Urban und Schwarzenberg, 
Berlin Wien 



21 Compression Syndromes 

21.5 Brachial Artery Entrapment 
Syndrome 

R.G.M. BIEMANS 

CONTENTS 
A. Anatomy. 
B. Indications for Operation . 
C. Operative Treatment. 
References. . . . . . . 

585 

587 

587 
587 

Fig. 21.5.1. Cross section at the level of the elbow joint. 
The brachial artery surrounded by muscle groups is lo
cated within a rigid space created by the skeleton and 
the brachial fascia 

A. Anatomy 

At the level of the elbow joint, three muscle groups 
are located within a rigid space created by the skel
eton and the brachial fascia (Fig. 21.5.1). When 
the elbow joint is flexed, the biceps brachii and 
brachial muscle glide, as it were, between the two 
muscle groups located laterally and medially to 
the cubital fossa and consisting of the bellies of 
the extensor and flexor muscles of the hand and 
the forearm (Figs. 21.5.2 and 21.5.5). As more 
muscles contract, the volume of the muscle bellies 
increases in direct proportion. The bicipital apo
neurosis, a continuation of the tendon of the bi
ceps, also stretches the ulnar portion of the fascia 
covering the pronator teres muscle. In case of mus
cular hypertrophy, the brachial artery may then 
become compressed between the pronator teres 
muscle and the bicipital aponeurosis. There is no 
development of collaterals because the most im
portant potential collaterals pass on the volar side 
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Fig. 21.5.2. The radial and ulnar muscle bellies with the 
biceps brachii and brachial muscle located in between. 
The brachial artery lies within the loose tissue of the 
cubital fossa 
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Fig. 21.5.3. The arterial circulation passes mainly volar 
of the arm bones and within the brachial fascia 

Fig. 21.5.4. Division of the bicipital aponeurosis, rela
tionship with the surrounding structures 
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Fig. 21.5.5. As in Fig. 21.5.2, but showing the location 
of the surrounding structures to be preserved 

and are therefore affected by the same mechanism 
(Fig. 21.5.3). Venous obstruction does not occur 
because unimpeded venous flow is possible outside 
the fascia. 

B. Indications for Operation 

Brachial artery entrapment is found in unusually 
muscular men who have done heavy work with 
their arms for many years. Division of the bicipital 
aponeurosis is indicated when there are symptoms 
such as early fatigue of the muscles of the hand 
and the arm, sometimes accompanied by irritation 
or excessive sensations of cold in the hand. The 
pulse of the brachial artery disappears just periph
eral to the bicipital aponeurosis when the muscles 
of the hand and forearm are strongly contracted 
and the elbow is strongly flexed (simulation of the 
movements required in the work situation). This 
provocation test may also be performed during 
angiography. 

C. Operative Treatment 

The treatment is simple and consists of decompres
sion of the brachial artery by division of the bicipi
tal aponeurosis. The procedure may be performed 
under local anesthesia at the site where the bra
chial artery crosses the bicipital aponeurosis, 
which is palpable if stretched (Fig. 21.5.4). The cu
bital median vein and the branches of the medial 
cutaneous nerve of the forearm pass subcutane
ously and are carefully preserved. Following expo
sure of the bicipital aponeurosis over its entire 
width, it is carefully divided over the brachial ar
tery. Care is taken not to injure the artery and 
the median nerve. 
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Four arteries contribute to the blood supply of 
the gastrointestinal tract: the celiac axis, the supe
rior mesenteric artery, the inferior mesenteric ar
tery, and finally the internal iliac artery, which 
is the only artery not exclusively supplying the in
testine (Fig. 22.1). 

The celiac axis, supplying the organs in the up
per abdomen, branches off from the anterior wall 
of the aorta at the level of the twelfth thoracic 
or first lumbar vertebra. Its length varies, usually 
between 0.5 and 4 cm. However, it may measure 
up to 6 cin. A true tripus, i.e., simultaneous 

branching into three arteries (common hepatic ar
tery, splenic artery, left gastric artery) is found 
only in 25%. Bifurcation is more common, consist
ing of the splenic artery and the common hepatic 
artery while the left gastric artery arises more pro
ximally as a solitary branch. The inferior phrenic 
arteries are variable branches of the celiac axis. 

The splenic artery, which is the largest branch, 
always - or nearly always - arises from the celiac 
axis, to the right of the middle of the aorta. The 
splenic artery crosses the aorta and passes to the 
left, cranial to the splenic vein and in close contact 
with the pancreas. The course along the pancreas 
varies. In 90% of cases, the artery is located at 
the upper border of the pancreas, in 8% behind 
the pancreas, and in 2% in front of the pancreas. 
A striking feature of the splenic artery is its more 
or less pronounced coiling, allowing one to stretch 
the vessel to about three times its length. This is 
encountered in more than 85% of cases. The 
branches of the splenic artery show many varia
tions in origin, caliber, vascular bed, and topogra
phy. To the extent that one may speak of a normal 
anatomy, the following arteries branch off the 
splenic artery proceeding from proximal to distal: 

1. Dorsal pancreatic artery 
2. Greater pancreatic artery 
3. Rami pancreatici 
4. Left gastroepiploic artery 
5. Short gastric arteries 
6. Superior and inferior terminal arteries 

Variable branches are an upper or lower pole ar
tery, an accessory left gastric artery, and an inferi
or phrenic artery. 

The hepatic artery is the second important 
branch of the celiac axis with respect to revascular
ization. In its course to the right the gastroduode
nal artery branches off at the level of the pylorus. 
It then continues as the proper hepatic artery, with 
the right gastric artery branching off. Finally, it 
branches into a right, left, and sometimes a middle 
hepatic artery within the hilus of the liver. A right 
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Postenor superio 
pancreaticoduodenal a, 

Posterior Infenor 
pancreaticoduodenal a 

Fig. 22.1. Anatomy of the intestinal arteries. The upper 
intestinal arteries show many variations, but these are 
not of great significance for reconstructive procedures. 
As depicted here, the branches of the mesenteric artery 
show an anatomic variation that is very frequently en
countered, In most cases the inferior pancreaticoduode
nal artery branches off the superior mesenteric artery 
as the first branch before the medial colic artery, as 
described in the text and depicted in the inset 

hepatic artery, originating from the superior mes
enteric artery (about 15%) or from an accessory 
right hepatic artery, is of no significance for revas
cularization. 

The superior mesenteric artery takes off from 
the anterior wall of the aorta between the twelfth 
thoracic and the second lumbar vertebra. First, 
it passes behind the pancreas, then crosses the 
third part of the duodenum as well as the uncinate 
process of the pancreas, and finally enters the mes
enteric root. The first constant branch is the inferi
or pancreaticoduodenal artery. It either consists 
of a cOmmon trunk, branching later into an anteri-
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or and posterior artery, or originates directly as 
two branches from the superior mesenteric artery. 
Before entering the mesenteric root (just below the 
origin of the inferior pancreaticoduodenal artery), 
the superior mesenteric artery gives off its next 
branch, the medial colic artery, passing to the 
right. In about 45% of cases, the vessel is solitary. 
Otherwise, it shows a common trunk together with 
the right colic artery. The further course shows 
a convexity to the left, passing down to the right 
lower abdominal quadrant. Along its course, fur
ther branches to the right are the right colic and 
the ileocolic artery and to the left the jejunal and 
ileal arteries. 

The inferior mesenteric artery originates from 
the left anterior wall of the aorta, approximately 
at the level of the third lumbar vertebra, 3-5 cm 
above the aortic bifurcation. The arterial trunk 
passes downward over a distance of 2-4 cm, paral
lel to the aorta. Then, the first branch, the left 
colic artery, arises from it to pass upward. In its 
further course, in an oblique direction to the left 
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and downward, several branches to the sigmoid 
colon take off. Its final segment represents the su
perior rectal artery, connected to the medial rectal 
artery by the perirectal anastomoses. The medial 
rectal artery is either a direct branch of the internal 
iliac artery or a subsidiary branch of internal iliac 
artery branches supplying the pelvic organs. 

B. Indications for Reconstruction 

I. Of the Celiac Axis and the Superior 
Mesenteric Artery 

A clear therapeutic indication for operation is given 
in all patients suffering from clinical symptoms 
of intestinal angina as a result of a proven occlu
sion or stenosis of the superior mesenteric artery 
and/or the celiac axis [4, 13, 14,28]. The operation 
is indicated, first, to relieve the patient's symptoms 
and, second, to prevent mesenteric infarction. 
There is no general indication for prophylactic re
construction since objective investigations have 
never demonstrated that, as a rule, an asympto
matic occlusion of a visceral artery leads to an 
infarction [2, 6, 7,12,17,22,24]. However, a pro
phylactic reconstruction should be performed in the 
following cases, provided the criteria for general 
operability are optimally fulfilled: 

1. When there are double occlusions or double 
stenoses. In such cases, the entire intestine is usual
ly supplied by just one artery, and an additional 
diminution of this irreplaceable source of collater
als may have deleterious effects. This may happen, 
for instance, through progression of the underly
ing disease or as a result of hypotension of various 
origin (cardiac, operative). 

2. When there are simultaneous intra-abdomi
nal occlusive diseases to be corrected. This is on 
the understanding that should a visceral arterial 
reconstruction later be indicated, access to the op
erative field would be much more difficult, and 
the operative risk therefore much higher, as a re
sult of the previous operation. 

3. When operations are indicated that require 
ligation of an artery serving as a collateral. Usual
ly, the artery involved is the inferior mesenteric 
artery. Ligation of this artery - for example when 
an aortic aneurysm is resected and there is simulta
neous occlusion of the superior mesenteric artery 
- may have disastrous consequences for the intesti
nal blood supply. 
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4. When a renal artery reconstruction for reno
vascular hypertension is performed. In this case, 
the collateral circulation may owe its functional 
effectiveness to hypertension and may therefore 
suffer serious impairment when blood pressure is 
normalized. 

D. Of the Inferior Mesenteric and Internal 
Iliac Arteries 

Reconstructions of the inferior mesenteric artery 
and/or the internal iliac artery are practically never 
undertaken for therapeutic purposes because a sin
gle occlusion in these regions has so far not been 
known to cause intestinal angina. If combined with 
occlusive disease of the celiac axis and/or the supe
rior mesenteric artery, reconstruction of these lat
ter arteries has absolute priority. Under certain 
circumstances it may be possible, as a supplemen
tary procedure, to correct a stenosis at the origin 
of the inferior mesenteric artery by simple, open 
thromboendarterectomy and patch graft angio
plasty. As for prophylactic procedures the inten
tion to preserve an artery that serves as a collateral 
has priority over reconstruction of a stenosed ves
sel. This holds above all for reconstructive surgery 
in cases of aortic aneurysms or aortoiliac occlusive 
disease. Where there is simultaneous occlusion of 
the superior mesenteric artery, the inferior mesen
teric artery serves as an important collateral and 
should not be ligated. 

And the same holds true if during resection of 
an aortic aneurysm both internal iliac arteries are 
ligated simultaneously with the inferior mesenteric 
artery: the blood supply to the left colon is endan
gered. 

ill. Multiple Reconstructions 

Enough experience has been gained to indicate 
that, in cases of multiple occlusions, reconstruc
tion of a single artery is sufficient to relieve the 
symptoms. Usually, priority is given to the superi
or mesenteric artery, although it has not yet been 
demonstrated conclusively that this must be so. 
On the contrary, it has been said that reocclusion 
of a single reconstruction usually causes new 
symptoms, even infarction. However, following 
double reconstructions, most patients remain 
asymptomatic, and there is no risk of infarction, 
even if a thrombosis occurs in one of the recon-
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structed arteries. Therefore, perhaps one should 
prefer double reconstruction: 

a) When a major operation can be tolerated by 
the patient 

b) When the procedure is technically not too diffi
cult 

c) When the venous material for reconstruction 
is optimal 

d) When collateral circulation is poor 

C. Positioning 

For visceral arterial reconstruction the patient is 
placed in a supine position if the approach is to 
be exclusively transabdominal. 

For harvesting the great saphenous vein, access 
should be provided to an area extending from both 
inguinal regions to the middle of the thigh. Exter
nal rotation of the thigh and flexion of the knee 
is advantageous. It is important that both groins 
be draped in case the greater saphenous vein on 
one side is not suitable. If only patch grafts are 
required, the vein segment should not be harvested 
from the groin, thereby sacrificing the entire vein, 
but rather from the ankle region. Appropriate 
draping for this procedure is required. 

With a thoracoabdominal approach, it has been 
shown that it is beneficial to turn the patient slight
ly to the right and to lift the left half of the thorax 
by placing a cushion underneath it and simulta
neously to elevate the left arm (Fig. 22.2). In rela
tively obese patients, the approach to the great 
saphenous vein in the groin may be impaired in 
this position. In these cases the vein should be 
harvested before the patient is positioned for the 
thoracoabdominal incision. 

Fig. 22.2. Positioning for a left-sided thoracoabdominal 
approach. The left half of the thorax and pelvis are ele
vated by cushions 

\l 
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D. Operative Approach 

Several incisions may be used to approach the 
visceral arteries (Fig. 22.3): 

1. Median supraumbilicallongitudinal incision 
2. Right-sided paramedian incision 
3. Right-sided pararectal incision 
4. Left-sided subcostal incision 
5. Transverse supraumbilical incision 
6. Left-sided thoracoabdominal incision 

The median, paramedian, and pararectal supraum
bilical incisions and the transverse supraumbilical 
incision are suitable for reimplantations, venous 

Fig. 22.3. Approaches to the visceral arteries. Skin inci
sions. 1, Median longitudinal incision; 2, right-sided 
paramedian longitudinal incision; 3, right-sided pararec
tal longitudinal incision; 4, left-sided subcostal incision; 
5, transverse supraumbilical incision; 6, left-sided thora
coabdominal incision 
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bypasses, or bridge grafts. When simultaneous re
constructions in the aortoiliac region are planned, 
longitudinal incisions should be preferred. In cases 
of simultaneous reconstruction of renal arteries, 
a transverse incision seems to be more suitable. 

For the in situ bypass of the splenic artery, a 
large left subcostal incision may be sufficient when 
the epigastric angle is wide and the patient is not 
too obese. If difficulties arise, the incision can sim
ply be extended to the right. More favorable for 
the in situ bypass of the splenic artery is a small 
thoracoabdominal incision at the eighth intercos-

Fig. 22.4a-e. Infracolic exposure and openIng of the aor
ta. a The transverse colon is drawn up, the entire intes
tine is retracted to the right, and the duodenojejunal 
flexure is mobilized; then the peritoneum is incised over 
the infrarenal aorta, thereby dividing the inferior mesen
teric vein. b Clamping of the infrarenal aortic segment 
from the surgeon's viewpoint. The proximal straight 
clamp is placed perpendicularly on the aorta below the 
renal arteries. The distal spoon-shaped or curved clamp 
is placed obliquely, so as to simultaneously cross-clamp 
the lumbar arteries. c Longitudinal incision in the right 
anterior wall of the aorta. Extension of the aortotomy 
using scissors. d Inspection of the aortic lumen and re
moval of thrombi and plaques. Local distal hepariniza
tion by continuous heparin infusion. e Excision of the 
edges of the aortotomy and smoothing with Pott's scal
pel 
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tal space, especially in obese patients. The dia
phragm is incised over a short distance to provide 
better access. 

Open thromboendarterectomy, with or without 
patch graft angioplasty at the origins of the viscer
al arteries, as well as bypasses from the thoracic 
aorta require a left-sided thoracoabdominal ap
proach, dividing the diaphragm to the hiatus. The 
exposure should always be performed transab
dominally, but not exclusively extraperitoneally, 
because careful examination of the entire abdomen 
is always mandatory. 
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E. Technique for Exposure of the 
Visceral Arteries 

I. Aorta 

Exposure of the infrarenal aorta is by either an 
infracolic or a supracolic approach. 

With the infracolic exposure (Fig. 22.4a), the 
transverse colon is drawn up and the entire intes
tine retracted to the right. Following mobilization 
of the duodenojejunal flexure, the retroperitoneum 
is incised over the anterior surface of the aorta, 
between the origin of the renal arteries and the 
inferior mesenteric artery. The crossing inferior 
mesenteric vein can be divided without hesitation. 

The supracolic exposure is performed either 
from the left or from the right (see p. 615). 

Dissection of the anterior circumference of the 
aorta over a distance of about 4-5 cm is sufficient 
for cross-clamping and anastomosis. Mobilization 
of the entire circumference of the aorta, including 
the segmental lumbar arteries, is not required. 

There are two ways to clamp the aorta - partial 
and total occlusion. Partial clamping (e.g., with 
a Satinsky clamp) is usually not sufficient for an 
optimal anastomosis with the superior mesenteric 
artery or a vein transplant because the aortic ori
fice is not well exposed, and exact placement of 
the sutures is impaired. 

The anastomosis is better performed following 
complete occlusion provided by two clamps placed 
perpendicularly. If there is still reflux from a lum
bar artery, a spoon-shaped or curved clamp can 
be placed distally to occlude those arteries as well 
(Fig. 22.4 b). Intraoperative systemic or local he
parinization of the distal aorta is required to avoid 
distal thrombosis (Fig. 22.4d). 

Following cross-clamping, the aorta is incised 
at the site selected for the anastomosis, either 
transversely, longitudinally, or obliquely, depend
ing on the type of reconstruction (Fig. 22.4c). In 
most cases, excision of a wall segment measuring 
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about 3 x 8 mm is more favorable than simple inci
sion. The lumen of the aorta is examined and, 
if necessary, cleaned of plaques (Fig. 22.4d). The 
same procedure must be carried out at the edges 
of the orifice, which may have to be smoothed 
with a small Pott's scalpel (Fig. 22.4e). When ex
posure and cross-clamping of the aorta have to 
be performed at the thoracic level or at the origin 
of the celiac axis and the superior mesenteric ar
tery, only tangential placement of a clamp can be 
considered, owing to the risk of neurologic or renal 
complications [1] . 

II. Origins of the Celiac Axis and Superior 
Mesenteric Artery 

Following a left-sided thoracoabdominal incision 
(Fig. 22.5a), the colon, spleen, and pancreas are 
mobilized and, together with the stomach, re
tracted medially. Using the kidney and the left re
nal vein at the base of the operative field as a 
guideline, the dissection is ~arried out in the direc
tion of the aorta (Fig. 22.5b). The origins of the 
celiac axis and the superior mesenteric artery are 
isolated and vessel loops are placed around them 
(Fig. 22.5c). The distal dissection of both branches 

Fig. 22.5a-c. Left-sided thoracoabdomina~ approach ~o 
the origin of the celiac trunk and the s~penor ~esentenc 
artery. a Positioning of the patient, WIth cushions under 
the left half of the thorax and the pelvis. Upper pararec
tal incision on the left side, extending into the seventh 
intercostal space. b Following incision of the diaphra~ 
and incision of the peritoneum lateral to the descendmg 
colon the left half of the colon, together with the spleen 
and the pancreas, are dissected off towa.rd the right, 
the left renal vein at the base of the operative field serv
ing as a guideline. Dissection i~ continued unti~ the aorta 
and the origin of the celiac aXIs and the supenor. mese~
teric artery are sufficiently exposed. c The celiac aXIs 
and the superior mesenteric artery are isolated and vessel 
loops are placed around them (surgeon's view). Tangen
tial placement of a clamp on the aorta at the level of 
the origin of the two upper intestinal arteries 
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is continued sufficiently far into the disease-free 
segment. The aorta itself is exposed only to the 
extent necessary for tangential placement of a 
clamp (encompassing the origins of the celiac axis 
and the superior mesenteric artery) without im
pairing renal circulation (Fig. 22.5c). At the same 
time, it should be possible to make a sufficiently 
long incision in each visceral artery; each of these 
incisions should extend into the aortic wall. 

ill. Hepatic and Splenic Artery 

The dissection of the hepatic artery is carried out 
through the lesser omentum (Fig. 22.6). The serosa 
is divided in the region ofthe hepatoduodenalliga
ment, and the artery, which is usually located cra
nial to the bile duct and ventral to the portal vein, 

Fig. 22.6. Exposure of the hepatic artery through the 
lesser omentum. Dissection and placement of vessel 
loops around the gastroduodenal and right gastric arter
ies. Following cross-clamping of theses two arteries, the 
proximal common hepatic and the proper hepatic artery, 
careful dilation of the arterial segment for the anastomo
sis, with heparinized saline solution. While the solution 
is being injected, clotting in the isolated vascular seg
ments can be avoided by releasing the clamps one after 
the other 

Righi gaslric a 
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is dissected. Vessel loops are placed around the 
gastroduodenal and right gastric arteries. Prior to 
the arteriotomy, careful dilation of the arterial seg
ment that will be clamped for the anastomosis is 
beneficial. The lumen of the artery can sometimes 
be dilated to a diameter twice as large as the origi
nal one. This greatly facilitates the anastomosis. 

The dissection of the splenic artery is performed 
using a supracolic approach through the lesser 
omentum, with temporary division of the gastro
colic ligament (Fig. 22.7). The splenic artery is usu
ally found at the upper border of the pancreas, 
or from below, when the artery's course is retro
pancreatic. Mobilization of the segment required 
for the anastomosis is carried out by dividing the 
pancreatic branches, the ends of which are careful
ly closed by small suture ligatures. Mobilization 
of the pancreatic tail may facilitate dissection of 
the artery. 

IV. Trunk of the Superior Mesenteric Artery 

For exposure of the trunk of the superior mesen
teric artery, two approaches may be considered 
in addition to the left-sided thoracoabdominal 
one: the infracolic and the right-sided retrocolic 
or supracolic [16] approach. 

Celiac aXIs 
Common hepal lc a 
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Fig. 22.7. Supracolic exposure of the splenic artery 
through the lesser omentum following division of the 
gastrocolic ligament 

Duodenojejunal flexure 
Superior mesenlenc a 

Left renal v 

Fig. 22.8. Infracolic exposure of the superior mesenteric 
artery. The transverse colon is drawn up and the entire 
intestine retracted; the superior mesenteric artery is then 
dissected at the root of the mesentery 

597 

For infracolic exposure (Fig. 22.8), the colon 
is drawn up and the entire intestine retracted to 
the right. While searching for the superior mesen
teric artery, palpation of the vessel at the level 
of the inferior part of the duodenum is beneficial. 
If one does not succeed in identifying the artery 
by palpation, the peritoneum is opened at the 
crossing of the mesenteric vascular bundle and the 
inferior part of the duodenum. The artery is ex
posed by careful dissection of the tissue. Side 
branches may serve as guidelines. Accidental inju
ry to the concomitant veins can be avoided if one 
bears in mind that the venous mesenteric trunk 
lies to the right of the artery. Careful dilation of 
the superior mesenteric artery prior to arteriotomy 
and anastomosis may be beneficial. 

For the right-sided retrocolic or supracolic ex
posure of the trunk of the superior mesenteric ar
tery (Fig. 22.9a, b), the peritoneum is incised along 
the lateral duplication of the ascending colon. The 
duodenum is mobilized according to KOCHER. The 
colon and duodenum are turned medially. The an
terior surface of the vena cava is dissected and 
the right spermatic or ovarian vein is divided be
tween ligatures near the origin. After the horizon
tal part of the duodenum is dissected away from 
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Superior mesenteriC a 

DIvided spermatic or ovanan v 

Right renal 
a and v 

Fig. 22.9a, b. Right-sided retrocolic or supracolic expo
sure of the superior mesenteric artery and the infrarenal 
aorta. a Right-sided pararectal incision with short exten
sion beyond the costal arch into the seventh intercostal 
space. b Exposure of the superior mesenteric artery, as 
seen by the surgeon. The ascending colon, together with 
the hepatic flexure and the duodenum with the head 
of the pancreas are mobilized and drawn up, exposing 
the vena cava. Division of the spermatic or right ovarian 
vein. Identification and dissection of the superior mesen
teric artery at the posterior aspect of the mesentery. Dis
section of the infrarenal aorta at the bottom of the oper
ative field to the left of the inferior vena cava 

the surroundings, the superior mesenteric artery 
can be identified at the posterior aspect of the mes
entery by bidigital palpation. It is dissected as 
proximally as possible, and a vessel loop is placed 
around it. Tourniquets are placed around all jeju
nal tributaries passing to the left. 

At the bottom of the operative field, left of 
the vena cava, the infrarenal segment of the aorta 
is exposed without difficulty [5]. 

F. Intraoperative Diagnosis 

By palpation one can assess the occlusion and the 
degree of stenosis and gain some idea as to the 
condition of the arterial wall distal to the occlusive 
disease. Then, the pressure in the aorta, in the 
postocclusive segment of the artery, and in the 
patent intestinal arteries is measured. Finally, 
blood flow in the various intestinal arteries and 
in the large collaterals (gastroduodenal artery, 
Riolan arch) is measured. 

G. Techniques of Reconstruction 
[9,10,11,15,18,19,20,25,26] 

I. Open Thromboendarterectomy 

Historically, this was the first method employed. 
In principle, it is quite suitable for short stenoses 
or occlusions where the end point of the athero
sclerotic lesion is abruptly separated from the nor
mal fixed intima. 

The safest approach and the best exposure are 
provided by a left-sided thoracoabdominal inci
sion. However, this has the disadvantage of being 
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a two-cavity operation, and it poses problems for 
the simultaneous correction of extended aortoiliac 
occlusive disease [3]. 

The exclusively transabdominal exposure of the 
celiac axis (through the lesser omentum) and of 
the origin of the superior mesenteric artery (infra
colic or through the lesser sac of the omentum) 
avoids opening the thorax, but is not recom
mended. The dissection of the vessel itself does 
not cause too much difficulty. However, adequate 
exposure of the appropriate aortic segments re
quires a relatively large dissection. Additionally, 
cross-clamping of the aorta at the site of origin 
of the visceral branches carries some risk. The 
risky and insecure clamping of the aorta usually 
does not allow one to suture the patch far enough 
into the aortic wall to provide for adequate dila
tion. 

Therefore, open thromboendarterectomy with 
patch graft angioplasty is suitable only for recon
struction of a stenosis at the origin of the inferior 
mesenteric artery and the rare distal stenosis of 
the superior mesenteric artery. 

Fig. 22.10a-d. Transection and reimplantation of the su
perior mesenteric artery into the infrarenal aorta by 
means of a vein graft. The drawings show the various 
steps in the procedure following infracolic exposure of 
the aorta and the superior mesenteric artery. a Following 
dissection of the trunk of the superior mesenteric artery 
and clamping of the infrarenal aortic segment, the vein 
graft, with its end tailored to achieve a greater orifice, 
is anastomosed to an opening in the right anterior wall 
of the aorta. b Cross-clamping of the vein graft close 
to the anastomosis and declamping of the aorta; division 
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n. Transection and Reimplantation into the Aorta 

Another method, not requiring difficult dissection 
of the origins of the celiac axis and the superior 
mesenteric artery, is the division of the vessels dis
tal to the occlusion followed by reimplantation 
into the aorta. Reimplantation of the celiac axis 
may be possible only at a higher level, i.e., the 
thoracic aorta. A disadvantage is the large abdom
ino-thoracic incision. Therefore, this type of recon
struction is limited almost exclusively to the supe
rior mesenteric and inferior mesenteric arteries 
[21]. 

In the case of the superior mesenteric artery, 
the peripheral stump is anastomosed end-to-side 
to the infrarenal aorta following division. For this 
procedure, the infracolic approach (Figs. 22.8 and 
22.1 0 a-d) as well as the left- and right-sided retro
colic approaches for exposure of the superior mes
enteric artery and the infrarenal aorta (Figs. 22.5, 
22.9, and 22.13) are suitable. 

When direct reimplantation of the superior 
mesenteric artery is impossible without undue ten-

of the superior mesenteric artery distal to the occlusion. 
c Anastomosis of the distal stump of the superior mesen
teric artery to the vein graft. Over-and-over suture of 
the proximal stump of the mesenteric artery. d Suture 
of a venous patch into the distal anastomosis 
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sion on the anastomosis, a graft can be interposed 
(Fig. 22.10a-d). For this purpose the great saphe
nous vein is preferred as a source of material. Its 
ends can be dilated by several techniques 
(Fig. 22.17). Instead of venous segments, autoge
nous arterial grafts, taken from the splenic or the 
external iliac artery and then replaced by a pros
thesis, may be interposed. Segments of internal 
iliac artery should not be used as this would mean 
the interruption of an important collateral donor 
vessel. A precondition for any of these reimplanta
tion techniques is that the wall of the infrarenal 
aorta is in relatively good condition. 

First, the graft is anastomosed end-to-side to 
the infrarenal aorta (Fig. 22.10a). Following cross
clamping of the graft close to the anastomosis, 
the blood flow to the distal aorta is released 
(Fig. 22.10b). Then, the superior mesenteric artery 
is divided distal to the occlusion, and the proximal 

Fig. 22.11 a, b. Reimplantation of the inferior mesenteric 
artery into a bifurcation prosthesis following resection 
of an aortic aneurysm. a Excision of the origin of the 
inferior mesenteric artery with a Carrel patch from the 
aortic wall. b Connection of the inferior mesenteric ar
tery to the left anterior wall of the bifurcation graft, 
which is clamped tangentially 
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stump is closed by atraumatic over-and-over su
ture (Fig. 22.10c). The end-to-end anastomosis of 
the graft, tailored exactly to match the length, to 
the stump of the superior mesenteric artery is per
formed either obliquely, S-shaped, or semicircum
ferentially, using a vein patch (Fig. 22.10d). 

Reimplantation is the method of choice for 
maintaining an inferior mesenteric artery that 
functions as a collateral (Fig. 22.11 a, b). That it 
does in fact function as a significant collateral 
must be established before it is divided. In such 
a case, for instance in aortic aneurysm, it should 
not be divided at its takeoff from the aorta, but 
should be excised with a Carrel patch. This will 
facilitate anastomosis to the bifurcated prosthesis, 
which must be clamped tangentially. 

m. In Situ Bypass 

Owing to its length, the splenic artery is well suited 
to serve as an in situ bypass for revascularization 
not only of the celiac axis, but of the superior 
mesenteric artery as well. The splenic artery must 
have a large caliber and must be free of arterio
sclerotic lesions. This may be documented by a 
good preoperative angiogram and intraoperative 
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measurement of pressure and flow. Time-consum
ing and unsuccessful dissection of the artery can 
thus be avoided. 

For the bypass, the splenic artery is dissected 
free from its origin at the celiac axis to the splenic 
hilus (Fig. 22.12). At this hilus, it is divided in its 
branches in such a way that the incised branching 
can be used for the anastomosis. Usually, splenec
tomy is not required. The isolated artery should 
be filled proximally with heparinized solution to 
avoid thrombosis and then cross-clamped atrau
matically. The mobilized splenic artery is passed 
in front of or behind the pancreas to the infracolic 
region through a tunnel in the root of the mesen
tery. Kinking and twisting must be avoided. In 
the case of an occluded celiac axis, the splenic ar
tery is anastomosed end-to-side to the infrarenal 
aorta (splenoaortic in situ bypass) after the 
branched end of the splenic artery has been tai
lored to create a funnel-shaped orifice. A precondi
tion for this bypass, however, is that the flow of 
blood is not impaired from the splenic artery past 
the occlusion in the celiac axis to the hepatic ar
tery. 

If the superior mesenteric artery is occluded, 
the splenic artery may be used for revasculariza
tion by anastomosing the funnel-shaped end of 

Fig. 22.12. Splenomesenteric in situ bypass for revascu
larization of the superior mesenteric artery. Dissection 
of the splenic artery over its entire length and division 
of the branches in the splenic hilus. Filling with heparin
ized solution. Passage of the dissected artery in front 
or behind the pancreas and anastomosis to the superior 
mesenteric artery, which is dissected infracolically 
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the splenic artery end-to-side to the superior mes
enteric artery distal to the occlusion (splenomesen
teric in situ bypass; Fig. 22.12). Here, the precon
dition is adequate patency of the celiac axis and 
the splenic artery. 

IV. Bypass Procedures 

The bypass procedure is the quickest and techni
cally the simplest procedure for reconstruction of 
a proximal occlusion of the superior mesenteric 
artery or of the celiac axis. 

In cases of superior mesenteric artery occlusion, 
the bypass runs from the right anterior wall of 
the infrarenal aorta to the posterior aspect of the 
superior mesenteric artery, both being exposed by 
a retrocolic approach (Fig. 22.13a-c). First, the 
connection to the infrarenal aorta is performed 
in the usual fashion. The orifice of the vein graft 
should be enlarged using one of the techniques 
shown in Fig. 22.17. For the exact placement of 
the end-to-side anastomosis to the posterior wall 
of the mesenteric artery (usually proximal or at 
the level of the origin of the medial colic artery), 
the artery may be rotated by vascular clamps prior 
to the arteriotomy. The bypass must be extremely 
short as both arteries are parallel and close to each 
other. Too long a bypass tends to cause kinking 
when the intestine is brought back into the abdom
inal cavity. The technique of implanting a long 
bypass and then shortening it by resecting the mid
dle segment is sometimes advocated as a way of 
avoiding this complication. In our opinion, how
ever, neither this technique nor that of proximal 
connection of the graft to the iliac artery can be 
justified as a routine procedure. 

For celiac axis revascularization, the graft may 
originate from either the thoracic or the infrarenal 
aorta. The advantages of a thoracic origin are: 

1. Favorable hemodynamics with outflow at an 
obtuse angle to the aorta 

2. Hardly any lesions of the wall of the thoracic 
aorta 

3. No risk of intestinal arrosion by the bypass 

A disadvantage is the large abdominothoracic inci
sion. Therefore, we prefer the abdominal ap
proach. The only exceptions are where the infra
renal aorta is absolutely unsuitable for anastomo
sis or where there has been a previous operation 
in this region. In the latter case, the time-consum
ing and difficult task of dissecting within the scar 
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Fig. 22.13a-c. Aorto-superior mesenteric bypass using 
a vein graft, following right-sided retrocolic exposure 
of the superior mesenteric artery and the infrarenal aor
ta. a Following cross-clamping of the infrarenal aortic 
segment and elliptical excision of the right anterior wall 
of the aorta, the anastomosis is performed with a vein 
graft, the end being tailored to achieve a greater orifice. 
b Cross-clamping of the vein graft close to the anasto
mosis and release of the blood flow in the aorta. Longi
tudinal incision in the posterior wall of the superior mes
enteric artery, rotated by vascular clamps. c Distal end
to-side anastomosis of the graft to the superior mesenter
ic artery 
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tissue poses an additional, significant risk which 
can be avoided using a thoracic bypass. In such 
cases, the iliac vessels, with all their hemodynamic 
disadvantages, can possibly serve as an alternative 
donor artery. 

With an exclusively abdominal approach, the 
proximal anastomosis of the vein graft is per
formed end-to-side to the infrarenal aorta, which 
is exposed infracolically (Fig. 22.14a, b) or right
retrocolically (Fig. 22.14g, h). Prior to the anasto
mosis, the end of the vein graft is tailored to 
achieve a larger orifice (Fig. 22.17). Following 
cross-clamping of the vein graft, blood flow in the 
aorta is released. The branches of the celiac axis 
are more suitable for the distal anastomosis than 
the trunk itself because their exposure is signifi
cantly easier. The bypass is placed in a curvilinear 
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Bile duct 

Gastroduodenal a. 
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Fig. 22. 14 a-h. Aortohepatic bypass using a vein graft. 
The figures show the various steps of the procedure fol
lowing infracolic and right-sided retrocolic exposure of 
the infrarenal aorta. a, b Following infracolic exposure 
and infrarenal cross-clamping of the aorta, the vein 
graft, tailored at its end to achieve a larger orifice, is 
anastomosed to an elliptical opening in the right anterior 
wall of the infrarenal aorta. After completion of the 
anastomosis, the vein graft is cross-clamped close to the 
anastomosis and the blood flow in the aorta released. 
c Creation of a tunnel, using both hands, between the 
infracolic site and the lesser sac of the omentum, behind 
the pancreatic isthmus along the initial segment of the 
superior mesenteric artery. d The hepatoduodenal liga
ment, as viewed by the surgeon. The tunnel terminates 
between the bile duct and the portal vein. There, the 
space for the vein graft is created by careful dissection. 
e Anastomosis of the vein graft to the distal common 
hepatic artery directly proximal to the origin of the gas
troduodenal artery. f Operative view within the hepato
duodenal ligament following completion of the anasto
mosis of the vein graft to the common hepatic artery. 
g Anastomosis of the vein graft to the infrarenal aortic 
segment following right-sided retrocolic exposure of the 
aorta, as seen by the surgeon. h The graft is passed from 
the retrocolic operative field to the common hepatic ar
tery. A tunnel between the bile duct and the portal vein 
inside the hepatoduodenalligament is created by careful 
dissection 
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f 
f ig. 22.14f-h. 
(Legend see p. 603) 

course behind the pancreas to the hepatic artery 
or to the splenic artery. When the aorta is exposed 
by an infracolic approach, the tunnel to the hepat
ic artery is created by bidigital blunt dissection 
of the tissue between the aorta a!1d the pancreas 
at the level of the superior mesenteric artery 
(Fig. 22.14c). Creating the tunnel to the common 
hepatic artery requires dissection between the por
tal vein and the bile duct (Fig. 22.14 b). While pull
ing the bypass through the tunnel, twisting or 
kinking must be meticulously avoided. The distal 
connection is performed end-to-side to the splenic 
or the common hepatic artery (Fig. 22.14e, f). The 
preconditions for an anastomosis to the splenic 
artery are: 

1. The vessel must not show arteriosclerotic le
sions. 

2. The stenosing lesions at the celiac axis must 
not,extend into the bifurcation, thereby impair-
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ing the circulation from the splenic artery to 
the vascular bed of the liver. 

When there are doubts as to whether the splenic 
artery is hemodynamically intact, anastomosis to 
the common hepatic artery should be preferred 
in every case [27]. 

v. Reconstruction of Multiple Occlusions 

For reconstruction of double stenoses or occlu
sions of the superior mesenteric artery and the ce
liac axis, all of the methods previously described 
can be used in combination. In our hospital, we 
are most satisfied with the so-called venous bridge 
bypass graft (Fig. 22.15). 

Following exposure of the anastomotic sites of 
the visceral arteries, the infrarenal aortic segment 
is dissected and cross-clamped. The superior mes-
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a 

Fig. 22.15a, b. Venous bridge graft for the treatment of 
double stenoses or occlusions of the superior mesenteric 
artery and the celiac axis following infracolic exposure 
of the infrarenal aorta. a The venous graft, with its 
valves already resected (Fig. 22.16), is first anastomosed 
side-to-side to an oblique elliptical orifice in the right 
wall of the infrarenal aorta. b Both ends of the graft 

enteric artery may be better exposed infracolically 
or retrocolically from the right side. An oblique 
elliptical orifice is excised out of the right wall 
of the infrarenal aorta, the edges being cleaned 
of arteriosclerotic lesions. The vein graft is incised 
eccentrically and longitudinally because of the dif
ferent lengths of the graft ends (Fig. 22.15 a) and 
anastomosed side-to-side to the aorta. After com
pletion of the anastomosis, the inflow lumen of 
each segment is checked by inserting olives from 
both directions. Both ends of the graft are then 
cross-clamped close to the aorta and the blood 
flow to the aorta released. Finally, both ends of 
the graft are passed to the appropriate segments 
of the superior mesenteric artery and the celiac 
axis (hepatic artery, splenic artery) and anasto
mosed end-to-side (Fig. 22.15b). 

Graft Material. Usually, the visceral arteries are 
relatively fine and are thin walled, not suitable for 
anastomosis to the relatively thick walled alloplas
tic vascular grafts. Other disadvantages are the sig
nificant differences in caliber and the secondary 
loss of graft lumen. For these reasons and also 
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are cross-clamped separately, close to the aorta, and the 
blood flow in the aorta is released. The upper end of 
the graft is passed behind the pancreas to the common 
hepatic artery and the lower end to the superior mesen
teric artery. Both distal anastomoses are performed 
obliquely end-to-side 

because of the higher biologic value, autoplastic 
vascular grafts should be used for the reconstruc
tion of visceral arteries whenever possible. The 
graft of choice is the great saphenous vein. When 
no vein is available, arterial segments of the splenic 
artery or the external iliac artery may be used (the 
latter being replaced by a prosthesis). The internal 
iliac artery should be saved as a collateral donor 
artery whenever possible. 

Preparation of the Graft. The harvested vein seg
ment is kept in heparinized patient's blood. The 
graft is everted over a bulb-headed probe and the 
vein valves are resected under direct vision in order 
to anastomose the wide proximal end of the great 
saphenous vein segment anterograde to the aorta 
(Fig. 22.16). After the vein is reinverted, it is 

Fig. 22.16. Preparation of the vein graft to serve as a 
bridge bypass. The vein is everted using a bulb-headed 
probe. The valves are resected with fine scissors 
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Fig. 22.17a-«l. Several techniques for enlarging the end 
of the vein graft to be anastomosed to the aorta. a Tulip
shaped enlargement of the graft end by means of a 
wedge-shaped vein patch. b Trumpet-shaped graft end 
achieved by obliquely tailoring the major branch and 
one branch. c Funnel-shaped enlargement of the graft 
end using a vein dichotomy. d Vein graft with Carrel 
patch. Resection of valves is required in all these cases 

checked for any remaining valves and for leaks 
by filling it in each direction with heparinized 
blood. 

The same graft preparation is required for the 
bridge graft. 

Other possibilities of enlarging the graft end 
to be anastomosed to the aorta are shown in 
Fig. 22.17. 

H. Postoperative Complications 

Postoperative complications following reconstruc
tions of intestinal arteries do not differ from those 
following other arterial reconstructions. In the 
event of bleeding, immediate reintervention is indi
cated. The same is true for an early occlusion. 
However, except for signs of intestinal infarction, 
it may not be easy to diagnose such a reocclusion 
early enough. 

I. Reoperation of Intestinal Arteries 

An early occlusion following visceral artery recon
struction should always be reoperated immediately 
[8,23]. The earlier the operation is performed, the 
fewer adhesions and scars will be found in the 
operative field and the easier the access to the re
gion of reconstruction will be. 
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In the majority of cases, the cause of early reoc
clusion is found in the region of the distal anasto
mosis. Therefore, this anastomosis should be 
opened first, evaluated, and corrected. Thrombec
tomy, if required, is performed from this side, us
ing a Fogarty catheter. 

Rarely, an early reocclusion is accompanied by 
clinical signs of intestinal ischemia. In such cases, 
the procedure should be the same as for primary 
acute occlusion of a visceral artery. Depending on 
the severity of ischemia, a reconstruction can be 
done, possibly in combination with bowel resec
tion or bowel resection alone. A second-look oper
ation eventually must be discussed. 

In late reoperations necessitated by recurrent 
stenosis or occlusion, one may attempt to correct 
the reconstruction. The exposure of the previous 
operative region and the corrective procedure itself 
(suturing a patch graft, endarterectomy, or graft 
replacement) usually present considerable difficul
ties and also carry the risk of injury to the concom
itant structures. 

Under such circumstances, exposure of the ap
propriate visceral artery distal to the previous site 
of anastomosis is preferred. It goes without saying 
that there may still be significant difficulties. 

Independent of the first operation, only bypass 
procedures are considered for the reintervention. 
Autogenous material, if still available, should be 
used for the bypass in any case. Often, the site 
of the proximal anastomosis of the graft can only 
be determined intraoperatively, following evalua
tion of the local anatomic conditions and the type 
of previous operation. When there is still good 
access to the aorta distal to the previous bypass 
anastomosis or to the distal aorta, the new graft 
should be anastomosed there. Under certain cir
cumstances, the common iliac artery or the lower 
thoracic aorta may be used for the graft connec
tion. 

When the splenic artery is suitable, an in situ 
bypass using this artery may be considered as a 
second operation. Here, the splenic artery is mobi
lized and divided at the hilus of the spleen, and 
anastomosed to the infrarenal aorta or the superi
or mesenteric artery distal to the previous anasto
mosis. 
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A. Anatomy 

The renal vessels may show vanatlOns in their 
number and branches. If there is only one major 
renal artery on each side, both originate from the 
aorta at the level of the intervertebral disk between 
the first and second lumbar vertebra. The origin 
is often asymmetrical: the right renal artery usual
ly takes off somewhat deeper. Close to the hilus, 
the renal artery gives off several branches. The 
majority of these enter the parenchyma in front 
of the renal pelvis. The suprarenal artery and the 
testicular or ovarian artery originate along the 
course of the renal artery from the aorta to the 
hilus of the kidney (see p. 19). 

In about 25% of humans, the kidney is supplied 
by two or more arteries, directly originating from 
the aorta. These variant vessels can cause compres
sion effects in the region of the renal pelvis and 
the ureters, with consequent impainnent of urinary 
flow as well as the risk of accidental ligation. Renal 
hypertension may develop, depending on which 
region of parenchyma is no longer supplied. 

Additional arteries may enter the kidney at the 
hilus itself, but also somewhat outward. They may 
be expected above as well as below the hilus. The 
origin of the right renal artery is covered by the 
venous crossing, which is fonned where the two 
renal veins join the inferior vena cava; extensive 
dissection of this crossing is necessary for adequate 
exposure of the renal artery. 

The Collateral System of the Kidney. The renal ar
teries are usually considered to be tenninal arteries 
since in cases of acute occlusion, the existing col
laterals are not sufficient for maintaining an ade
quate blood flow. However, when the renal arter
ies gradually narrow, owing to an occlusive dis
ease, preexisting collaterals may develop so that 
at least basic metabolism is maintained. Collateral 
circulation may be developed by arteries to the 
adrenals via the junction to the superior suprare
nal arteries, by the arteries of the capsule via the 
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lUmbar arteries, and by the ureter vessels. The ure
ter vessels are supplied by the renal artery in the 
upper region, by the ovarian or spermatic artery 
in the middle region, and by the common iliac 
artery in the lower region [12]. When serving as 
collaterals, the ureteral vessels show this very 
clearly on the intravenous pyelogram; these im
ages serve as a sure diagnostic sign of a functional
ly significant stenosis of the renal artery. 

B. Renovascular Hypertension, 
Indications for Operation 

Renovascular hypertension is the most common 
reason for operations on the renal arteries. There
fore, procedures for the treatment of this condition 
will be discussed before those that are used in acute 
occlusion, in trauma, or following renal transplan
tation. 

I. Defmition, Incidence 

Renovascular hypertension is a syndrome in which 
normalization of the blood pressure may be 
achieved by reconstruction of the appropriate re
nal artery lesions outside of the parenchyma [17]. 
Lesions of intraparenchymatous arteries and arter
ioles, on the other hand, are not included. How
ever, the term "renovascular hypertension" is not 
used uniformly in the literature. Among all types 
of hypertension, renovascular hypertension may 
account for less than 1 % [6]. 

II. Etiology 

The most common cause of renal artery stenosis 
is arteriosclerosis [9] close to the aorta, in the first 
third of the renal artery. The stenosis is more or 
less concentric with a poststenotic dilatation. It 
is impossible to say whether the renal artery arte
riosclerosis is caused by essential hypertension or 
vice versa. 

The second most frequent disease isfibrodyspla
sia, occurring in four different forms [13]: 

1. The rare, so-called fibromuscular dysplasia 
with a circumferential stenosis caused by thick
ening of the artery muscles 

2. Intimal fibroplasia, causes also constricting le
sions with poststenotic dilation 
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3. Medial fibrodysplasia, characterized by a series 
of stenoses alternating with aneurysmal dilata
tions, resembling haustration 

4. Subadventitial (perimedial) dysplasia 

The lesions, typically located in the periphery, are 
often bilateral and combined with a so-called mo
bile kidney. 

These lesions may also appear in other vascular 
regions, but are then not as widespread as in arte
riosclerosis. 

It is controversial to what extent the classifica
tion of the various forms, as already diagnosed 
by the angiogram may have therapeutic conse
quences. The forms of revascularization that are 
necessary may differ greatly from those required 
for arteriosclerosis [22]. 

m. Pathophysiology 

A common feature in all lesions is the impairment 
of renal blood flow, resulting in characteristic 
changes in the affected kidney, as compared with 
the contralateral one, which is exposed to a higher 
systemic blood pressure [3]. Reduction of blood 
flow causes an increase in the concentration of 
the initial urine and a decreased sodium concentra
tion of the final urine as a result of reduced filtra
tion. Previously, the indication for operation was 
based on tests of the functional differences on both 
sides [14], but because these tests were too compli
cated and caused too much stress on the patient, 
they have been abandoned. 

Moreover, decreased blood flow, resulting in 
an increase of blood pressure via the renin-angio
tensin system, is probably perpetuated via the al
dosterone system .by changes in the sodium metab
olism. Administration of the converting enzyme 
inhibitor captopril may reveal the significance of 
the renin-angiotensin system by decreasing the 
blood pressure [20]. Care must be taken in the 
case of a single kidney because of the possibility 
of acute renal failure. Only in exceptional cases 
should the decision to operate be based on the 
results of this test. 

IV. Diagnosis 

History and clinical examination will not reveal 
peculiarities in patients with renovascular hyper
tension. The only basis for a clear suspicion is 
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a reliable report of the sudden onset of hyperten
sion. An abdominal bruit may be of similar signifi
cance, but is open to several interpretations, 
especially in patients with arteriosclerosis. 

The intravenous pyelogram, so often used in 
the diagnosis of hypertension, is very useful as a 
screening test. A unilateral small kidney of smooth 
configuration with delayed, but concentrated ex
cretion and with visible indentations of the renal 
pelvis and the ureter as a result of collateral circu
lation may suggest unilateral or unilaterally pro
nounced renal artery stenosis [14]. In the future, 
digital subtraction angiography may be used as 
a screening test [15], while all other procedures, 
including isotope renography, show nonspecific ef
fects. Precise angiography is an indispensable pre
requisite in deciding whether surgery is indicated. 
When percutaneous angioplasty [16] is indicated, 
the Seldinger procedure should be used (see 
p. 121). 

Angiography usually reveals the underlying eti
ology of the stenosis. For all practical purposes, 
a distinct poststenotic dilatation proves that the 
stenosis is hemodynamically significant. 

V. Operative Indications 

The indication for surgical treatment of renovas
cular hypertension primarily depends on local and 
general factors. When considering the local situa
tion, the indication for renal artery revasculariza
tion is always given if there are clear signs of a 
functionally effective stenosis (poststenotic dilata
tion, collateral circulation, and possibly a unilater
al increase of renin concentration in the renal ve
nous blood), and if percutaneous transfemoral an
gioplasty has failed or is not suitable. Absolute 
indications for an operative procedure are com
plete renal artery occlusion, an unfavorable course 
of the vessel, extreme poststenotic dilatation with 
risk of perforation, or suspicion of a primary aneu
rysm. It should be mentioned here that when a 
kidney transplant is performed, any existing steno
sis of the renal artery should be corrected in the 
primary operation as there can in this case be no 
development of collateral circulation. 

Where there is danger that kidney function will 
be lost, surgery is contraindicated only by life
threatening diseases. But, with regard to the cor
rection of hypertension, the indication for surgery 
as well as for angioplasty will be subject to certain 
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limitations imposed by the general condition of 
the patient. When considering whether angioplasty 
is indicated, one should always bear in mind that 
in a small percentage of cases this procedure even
tuates in an emergency operation. Therefore; the 
general contraindications for an operation also ap
ply to angioplasty (see p. 121). 

In patients under 40 years of age with hyperten
sion an operation is practically always indicated. 
With increasing age and in generalized arterio
sclerosis, one should hesitate because the operative 
mortality beyond 50 years of age increases signifi
cantly and the long-term results do not measure 
up to expectations. Coronary artery disease, dia
betes, and cerebral vascular disease must also be 
included among the risk factors. 

Due to very effective medical antihypertensive 
therapy, the problem of patient selection has be
come more the problem of maintaining the func
tion of the diseased kidney, especially in older pa
tients. This is especially true for patients with one 
kidney or only one functional kidney. 

C. General Surgical Aspects 

I. Tolerable Ischemic Time 

The ischemic time tolerated by the kidney must 
be considered under three headings, namely: 

1. Normal preoperative renal blood flow on both 
sides and unilateral operation, i.e., temporary 
acute renal failure on one side without conse
quences 

2. Necessity of interrupting blood flow on both 
sides in cases of preoperative normal blood flow 
or of a single kidney, i.e., absolute necessity 
of avoiding acute renal failure 

3. Operation on a renal artery because of gradual 
impairment of renal blood flow or complete oc
clusion, where collateral circulation has already 
developed 

1. When a unilateral operation is undertaken and 
it has been demonstrated that the contralateral 
side is functioning adequately, the ischemic time 
may be extended beyond 45 min because postoper
ative acute renal failure on the side of the opera
tion and its sequelae for the whole organism 
should be compensated by the "healthy" kidney. 
Under these circumstances, interruption of blood 
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flow up to 1.5 h seems to be possible. Operations 
on renal arteries requiring this much time are al
most unknown; only in the case of a difficult aneu
rysm would an operation of this length be neces
sary. 

2. When attempting immediate restoration of kid
ney function following the vascular procedure, the 
interruption of the blood flow at body temperature 
should not exceed 45 min. Such a long clamping 
time is only safe if circulatory parameters before 
and after interruption of blood flow are normal. 
The induction of diuresis by furosemide or osmoti
cally by 20% mannitol prior to the ischemia is 
recommended [1]. 

When the interruption of the blood flow is pro
jected to last longer than 1 h, the sequelae of isch
emia can be ameliorated by decreasing the temper
ature in the organ by means of hypothermic perfu
sion. However, continuous cooling requires addi
tional drainage of the renal vein. Superficial cool
ing using special bags requires complete mobiliza
tion of the kidney with the sacrifice of possible 
collaterals. Therefore, this procedure is not recom
mended. 

3. The major indication for renal artery surgery 
is chronic occlusive disease due to lesions of the 
major renal arteries. Practically speaking, there are 
no time limits, provided there is no peripheral 
thrombosis, because under such conditions, the 
collllteral circulation has sufficiently developed to 
supply the basic metabolism, and sometimes even 
part of the stress metabolism. Peripheral thrombo
sis may be avoided by local heparinization and 
periodic checks of retrograde flow. 

II. Preoperative Management 

Hypertension is usually present and should be 
carefully controlled. In contrast to earlier views, 
perioperative management at normal blood pres
sure is now preferred. Electrolyte disturbances 
should be corrected; this is especially necessary 
in the case of hypokalemia, which is often caused 
by the use of diuretics. Digitalis should be admin
istered in accordance with the cardiac situation. 
When there is severe impairment of renal function, 
the situation should be normalized as far as possi
ble by carefully monitoring the fluid balance. 

The general statement that obesity is a risk fac
tor for major procedures is particularly true in 

P.W. EIGLER and H.D. JAKUBOWSKI 

cases of renal reconstruction. Since there is usually 
no great urgency involved in scheduling the opera
tion, obese patients should be put on a consistent 
weight reduction program. This is also recom
mended when "only" a percutaneous angioplasty 
is contemplated; for, in the event of a complication 
- admittedly rare with this procedure - obesity 
poses an especially high risk. And finally, weight 
reduction not only facilitates anatomic dissection, 
but may also help to alleviate hypertension. 

ill. Intraoperative Management 

Intraoperative circulatory fluctuations, especially 
in patients with arteriosclerotic stenoses, should 
be avoided since there are, or are likely to be, 
similar lesions in other vascular regions. We rec
ommend cross-clamping the origin of the renal ar
tery, and not complete occlusion of the aorta, 
whenever possible. However, current techniques of 
intra-arterial measurement of blood pressure and 
the Swan-Ganz catheter provide immediate correc
tion of significant alterations of the blood pressure 
by intravenous administration of antihypertensive 
drugs in cases of hypertension, or administration 
of fluid in cases of a fall in blood pressure (see 
p.197). 

In any case, prior to cross-clamping the renal 
artery intraoperatively, diuresis using 20% manni
tol or, if there is a risk of cardiac overloading, 
furosemide should be ensured in order to keep the 
renal ischemic sequelae to a minimum [1]. 

When there is a stenosis close to the ostium, 
care is taken to identify other causative lesions 
close to the origin of the renal arteries. If these 
renal artery stenoses are of arteriosclerotic origin, 
a tendinous band is often found directly adjacent 
to the aorta, consisting of a deep portion of the 
diaphragm. The renal artery may lie across it, and 
the continuing pulsations against the band can re
sult in arteriosclerosis at this site. We recommend 
division of this tendinous band under vision, at 
least in cases where no bypass is considered. Mod
erate bleeding can easily be stopped by electroco
agulation. 

Following extensive exposure of the renal artery 
origin and prior to any further measures, there 
is a final opportunity to verify the hemodynamic 
effectiveness of the stenosis. Flow measurement 
by means of an electromagnetic probe, in combi
nation with the determination of blood pressure 
by direct puncture of the aorta and poststenotic 
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dilatation, is ideal. A pressure gradient exceeding 
15 mmHg is considered to be significant where 
there is proven flow through the artery. If flow 
has almost ceased, one has to remember that the 
pressure behind the stenosis is equal to the pres
sure in the aorta, independent of the degree of 
stenosis. 

IV. Postoperative Management 

Following operations on the renal arteries, gener
ally intensive monitoring has to be assured. Fluc
tuations in blood pressure are not rare and require 
immediate correction. Especially in patients with 
hypertension of arteriosclerotic origin, significant 
deviations from a systolic pressure of 150 mmHg 
and a diastolic pressure of 90 mmHg should be 
corrected either by antihypertensive drugs or, in 
case of hypotension, by fluid therapy. Simulta
neously, urine output has to be recorded contin
uously. A urine output of 100 ml/h should be 
achieved. With enforced diuresis there is the risk 
of hypokalemia and in cases of oliguria the risk 
of hyperkalemia. Also, a slight increase of serum 
sodium may result in higher blood pressure. There
fore, several measurements of electrolytes should 
be made within the first 24 h. 

An abrupt decrease in urine output with a si
multaneous increase of blood pressure is indicative 
of renal artery reocclusion. In cases of acute renal 
failure, the intravenous urogram and scintigram 
may fail; if so, angiography (digital subtraction 
angiography, whenever possible) should be per
formed without delay to corroborate the diagno
sis. If the findings are positive (hematoma, arterial 
thrombosis), immediate reoperation is indicated. 

D. Operative Approach 

For the operation, the patient is placed in a supine 
position. The ventral approach to the renal arteries 
through the abdomen is performed either by a 
midline incision, extending upward as high as pos
sible, or a transverse, supraumbilical abdominal 
incision (Fig. 23.1). While a longitudinal incision 
is of greater advantage where the epigastric angle 
is acute, the transverse supraumbilical abdominal 
incision is better in case of a very wide angle. How
ever, one should consider that the renal arteries 
originate relatively high up on the aorta, at the 
level of the intervertebral disk between the first 
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Fig. 23.1. Location of skin incision for renal artery expo
sure. Generally, the approach to the renal arteries is 
possible by medial longitudinal abdominal incision or 
transverse supraumbilical abdominal incision. When 
placing the incision, the relatively high origin of the renal 
arteries from the aorta have to be considered 

and second lumbar vertebra. For exposure of the 
renal artery itself, there is the choice of an infracol
ic approach through the mesocolon or a supracolic 
approach following dissection of the left or the 
right flexure of the colon, depending on the dis
eased renal artery. The procedure depends on 
whether there. are lesions close to the aorta and 
whether the patient is obese. If the lesions are lo
cated close to the aorta and there is an intra-ab
dominal mass of fat, the direct infracolic approach 
is preferred. 

I. Infracolic Approach (Fig. 23.2a, b) 

For the infracolic approach, the transverse colon, 
together with the greater omentum is drawn up
ward, the small bowel is retracted to the right, 
and the peritoneum is excised over the aorta by 
dissecting the duodenojejunal flexure. One first en
counters the left renal vein, which crosses the aor
ta. A tape is placed around it. If the left renal 
artery originates somewhat above the vein, the su
prarenal vein is divided between ligatures just be
fore it joins the renal vein. Suture ligation is rec
ommended, at least at the junction of the veins, 
as a safeguard against the bleeding that would re-
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a 

Fig. 23.2a, b. Infracolic approach to the renal arteries. 
a Exposure of the left renal artery. Following dissection 
of the duodenojejunal flexure and the mesentery, longi
tudinal incision of the retroperitoneum over the aorta 
and dissection of the left renal vein away from the fatty 
tissue. Tributary veins, such as the suprarenal, ovarian, 
or spermatic vein, are ligated and divided to achieve 
better mobilization. Usually, the origin of the renal ar
tery is exposed directly at the crossing of the left renal 
vein and the border of the aorta. b For exposure of the 
origin of the right renal artery, the venous intersection 
(vena cava and both renal veins) must be dissected and 
retracted to the right 
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suIt if a ligature would slip off during dissection. 
When the artery is located more distal to the renal 
vein, the ovarian or spermatic vein is divided fol
lowing ligation to facilitate retraction of the renal 
vein (Fig. 23.2a). When there is doubt as to the 
location of the renal artery, the vein is initially 
retracted upward using a vein hook and the dissec
tion is carried on stepwise toward the arterial wall. 
The palpating finger can then easily detect the re
nal artery at the lateral origin by its pulsations. 
If the artery is occluded, it can at least be palpated 
as a band. Very often in cases of arteriosclerotic 
renal artery lesions, many adhesions to lymph ves
sels and lymph nodes are found. Sometimes, one 
may get the impression that the renal artery is 
compressed by this tissue. When this suspicion ex
ists, blood pressure in the aorta and in the periph
eral renal artery should be measured as soon as 
possible in order to confirm a pressure gradient. 
Only when a proven pressure gradient disappears 
following dissection of the vessel it is justifiable 
to assume a stenosis by exogenous compression 
and not to open the renal artery itself. In cases 
of adhesions, the dissection must be carried out 
by small steps as the adventitia of the aorta and 
the renal artery are otherwise easily injured. It may 
be helpful to begin by passing a tape around the 
aorta. 

When both origins of the renal arteries, or pre
dominantly the right one, have to be dissected, 
the procedure is performed as described. Then, the 
junction of the renal vein with the inferior vena 
cava is dissected to expose at least the left side 
of the vena cava. Although the origin of the right 
renal artery is located directly below the junction 
of the left renal vein with the inferior vena cava, 
one should be careful when dissecting and placing 
tapes around the vena cava. If peripheral segments 
of the right renal artery must also be exposed, 
the right renal vein will have to be dissected. Suffi
cient mobilization can be achieved by dissecting 
along the vena cava, dividing the lumbar veins 
if necessary. Adequate visualization of the origin 
of the right renal artery is obtained by placing 
a vein hook in the angle of junction of the left 
renal vein (Fig. 23.2 b). If the lesions extend into 
the periphery, the right side of the vena cava must 
be retracted to the left in order to carryon the 
dissection. While performing this maneuver, care 
is taken of renal vein tributaries joining the vena 
cava relatively centrally. Tearing may cause trou
blesome bleeding. Stopping the bleeding may be 
difficult when these veins join the renal vein at 
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Fig. 23.3a-c. Supracolic approach to the renal arteries. 
a, b Exposure of the left renal artery. After the gastrocol
ic ligament is divided and the left colon flexure is dis
sected free of adhesions to the posterior abdominal wall, 
the flexure, together with its mesocolon, is retracted me
dially and the renal vein dissected free; the left renal 
artery can then be found beneath the vein. c Exposure 
of the right renal artery. Following incision of the retro
peritoneum around the duodenum and the right colon 
flexure, both bowel segments are dissected off the peri
renal fatty tissue and the capsule, and retracted medially. 
The origin of the right renal artery is located directly 
under the point where the inferior vena cava and both 
renal veins cross 

the posterior circumference. However, hemostasis 
may be achieved by careful exposure of the' poste
rior wall and suture ligation with atraumatic 5-0 
or ~ sutures. 

ll. Supracolic Approach (Fig. 23.3) 

When the lesions extend very far peripherally or 
can only be located there, the supracolic approach 
must be chosen either additionally or primarily. 

On the left side (Fig. 23.3a), the adhesions of 
the left colon flexure to the spleen have to be di
vided and the flexure mobilized to the right until 
the left renal vein is exposed (Fig. 23.3 b). Depend
ing on the situation, the ovarian or spermatic vein 
and the suprarenal vein, which always joins the 
renal vein, is divided following ligation. By retract
ing the renal vein with an appropriate hook (see 
p. 616), exposure of the renal artery origin at the 
aorta is achieved without difficulty. 
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On the right side (Fig. 23.3c) the hepatic colon 
flexure, together with the duodenum, are mobi
lized according to KOCHER and dissected away 
from the renal capsule and the perirenal fatty tis
sue. Identification of the renal vein is relatively 
easy. Because of its large diameter, it is readily 
distinguished from other veins, especially mesen
teric veins. If the right suprarenal vein joins the 
renal vein, it is advisable to divide it between liga
tures in order to create enough space to retract 
the renal vein for renal artery exposure. 
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Generally, it should be emphasized that good 
exposure of the renal artery beyond the diseased 
segment is essential for secure cross-clamping and 
later revision. With the infracolic approach, the 
retroperitoneum should be closed by interrupted 
sutures or continuous suture following completion 
of the operation on the renal arteries. Fixation 
of the colon flexures is usually not required; it 
is sufficient to return the bowel to its normal posi
tion. Drainage is rarely necessary. 

E. Operative Procedures 

Special instruments. For renal artery operations, 
the standard vascular instruments are usually suf
ficient. However, long instruments should be avail
able because of the depth of the operative field. 
For retracting the veins and the vena cava, we 
use a special vein hook. In cases of peripheral dys
plasia, coronary surgery instruments may also be 
used. For dilation of renal artery branches, thin 
plastic dilators are especially suitable. 

The suture material for the aorta is a 5-0 mono
filament, nonabsorbable, atraumatic suture. For 
the renal artery, a 6-0 or 7- 0 suture is used, de
pending on the caliber (close to the aorta or very 
peripherally). 

I. Endarterectomy 

It is essential for direct endarterectomy [11] to 
cross-clamp a sufficiently large aortic segment at 
the ostium of the renal artery because the lesions 
usually extend farther into the aorta than sug
gested from outside or by angiogram (Fig. 23.4). 

By means of a curved clamp (Cooley clamp, 
or sometimes a Satin sky clamp), this may be 
achieved quite well. Depending on the degree of 
stenosis, the vessel is incised longitudinally over 
the stenosed segment. A ciamp is also placed pe
ripherally because of the massive retrograde flow 
that is to be expected. The plaque is then dissected 
in the normal way (Fig. 23.4a). Usually, its end 
point will leave a smooth transition zone not re
quiring fixation of the intima. The situation in the 
aorta may cause more problems due to significant 
arteriosclerotic lesions of the aortic wall . This seg
ment of the aortic wall has to be examined to avoid 
residual stenoses or even postoperative thrombo
sis. Ifit is reasonably clear that the original arterial 
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Fig. 23.4 a-e. Endarterectomy of an arteriosclerotic renal 
artery stenosis close to the aorta. a-e Direct endarterec
tomy of a unilateral stenosis. Longitudinal arteriotomy 
of the renal artery following cross-clamping at its origin 
on the aorta and dissection of the constricting intimal 
lesion (a). Usually, the plaque separates, leaving a 
smooth distal transition zone. Otherwise, the intima 
must be fixed from inside. The arteriotomy is then closed 
with a vein patch using a continuous 6-0 suture (c). 
If the lumen of the segment following endarterectomy 
is greater than normal, a direct continuous suture may 
be feasible (b). In the region of the aortic wall, 5-0 inter
rupted sutures are used. The renal artery may be closed 
by a 6-0 continuous suture. However, it must be ensured 
that there are no stenotic strands located posteriorly. 
If there are any, they will have to be divided. d, e Trans
aortic direct endarterectomy of the ostia of both renal 
arteries through a transverse aortotomy. Following 
proximal and distal cross-clamping of the aorta, the inci
sion is made transversely over the ostia of both renal 
arteries. The procedure is especially recommended where 
the major lesions are limited to the origin. Following 
endarterectomy, it is advisable to suture a venous or 
prosthetic patch into the arteriotomy 
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Fig. 23.5a-d. Indirect transaortic endarterectomy of 
both renal arteries following longitudinal incision. After 
proximal and distal cross-clamping, the aorta is incised 
longitudinally on the anterior wall (a) and the plaque 
dissected off the intima (b). Ideally, one may succeed 
in removing the specimen as a complete cylinder (c). 
The intima must be torn off at the proximal and distal 
clamps. After ensuring that a smooth transition zone 
is left at the distal intima, the aorta is then closed by 
a continuous 5-0 suture (d) 
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lumen can be preserved after plaque removal and 
closure, we prefer to close the artery by direct su
ture rather than with a venous patch graft 
(Fig. 23.4b). This way, it is possible to achieve a 
result that is indistinguishable from a normal renal 
artery. For the arteriotomy, we use 5--0 interrupted 
sutures in the region of the junction with the aorta. 
The renal artery itself is closed by a continuous 
suture using 6-0 nonabsorbable monofilament 
synthetic material. This procedure cannot succeed, 
of course, unless the arterial wall is sufficiently 
strong to ensure a secure suture following endar
terectomy. 

Otherwise, patch graft angioplasty, using au
togenous venous material, is the safer technique 
(Fig. 23.4c). Here, the critical point is the juncture 
of the renal artery with the aorta. The initial su
tures should be placed opposite one another on 
both sides of the juncture in order to prevent dis
tortion. Flushing is especially important before re
lease of the blood flow. Especially in cases of bilat
eral stenosis, it is advisable to incise the aorta 
transversely (Fig. 23.4d) or longitudinally 
(Fig. 23.5a-d) in the osteal region and to perform 
an endarterectomy of the ostium coming from in
side. The advantage of this procedure is the possi
bility of rapid closure following completion of the 
endarterectomy [24]. A significant disadvantage of 
the longitudinal incision is that the peripheral end, 
which can be of essential importance for the suc
cess of the procedure, may not be visualized. With 
the transverse aortotomy (Fig. 23.4d, e), however, 
the incision can be extended into the renal arteries 
and later closed with a venous or Dacron patch. 

II. Resection and Renorenal End-to-End 
Anastomosis (Fig. 23.6a-d) 

In short stenoses of fibrodysplastic ongm -
especially of the rare constricting fibromuscular 
type - resection of the diseased segment may be 
considered (Fig. 23.6a). The corresponding vessel 
ends should be beveled to achieve the widest possi
ble anastomosis (Fig. 23 .6b). Depending on the 
diameter of the vessel, the anastomosis is per
formed either partially or completely using a con
tinuous suture (Fig. 23.6c). If there is doubt, a 
patch graft should be considered (Fig. 23.6d). For 
a lesion of the arterial segment extending over a 
longer distance, an end-to-end anastomosis may 
be achieved if there is a mobile kidney, which is 
often the case in fibrodysplastic disease. By ap-
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Fig. 23.6a~. Resection of the stenosis and renorenal 
end-to-end anastomosis. When the stenosis is located 
in the middle of the renal artery, resection of a diseased 
segment following cross-clamping may be the simplest 
procedure (a). Great care should be taken to bevel the 
ends to be anastomosed (b, c). If the artery is of very 
small caliber, interrupted sutures are preferred, or a vein 
patch is used to enlarge the anastomosis (d). e Resection 
of the stenosis and renorenal graft interposition. Follow
ing resection of the stenosis, a vein graft is sutured be
tween the proximal stump at the aorta and the peripheral 
renal artery. This approach has the advantage of main
taining the original renal artery ostium at the aorta. 
However, it has the disadvantage that both anastomoses 
are performed while the renal artery is cross-clamped. 
Usually, the aortorenal vein graft is preferred 

proximation of the kidney, the two renal artery 
stumps can be brought together and anastomosed 
without tension. 

III. Resection and Renorenal Graft Interposition 
(Fig. 23.6e) 

In long resections, prosthesis or vein graft interpo
sition should be performed, based on the assump
tion that surgical restoration of normal renal ar
tery ostia is possible only in exceptional cases. The 
disadvantage of such a procedure is the prolonged 
ischemic time, as two anastomoses have to be su
tured while the renal artery is cross-clamped. 
Therefore, this procedure has largely been replaced 
by aortorenal graft interposition. 
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Fig. 23.7. a, b Division of the renal artery close to the 
aorta, endarterectomy of the ostium of the renal artery, 
and reimplantation of the vessel at its aortic origin. This 
procedure may be used when coiling of the artery has 
occurred in the region of the stenosis (a). Following divi
sion of the renal artery relatively close to the aorta and 
endarterectomy of the renal artery, a careful endarterec
tomy is performed at the ostium. The incision on the 
anterior wall of the renal artery is extended to the aorta 
(a). Following endarterectomy, the renal artery is su
tured again to its origin at the aorta, using a continuous 
suture (b). By incising the posterior wall of the renal 
artery and matching it to the incised origin, a wide anas
tomosis is achieved. c Aortic reimplantation of the renal 
artery. When the condition of the ostial renal artery 
is too unfavorable, and if there is only a very short steno
sis, the renal artery may be directly reimplanted into 
the aorta. Care is taken to create a sufficiently wide 
new ostium and to perform a sufficient endarterectomy 
of the aortic wall in the appropriate region. Continuous 
sutures with two interruptions as well as interrupted su
tures are possible 

IV. Resection and Renorenal End-to-End 
Anastomosis at the Ostium of the Renal Artery 
(Fig. 23.7a, b) 

When there are renal artery lesions of arterioscle
rotic origin, elongation of the vessel and kinking 
in the region of the stenosis are often encountered 
(Fig. 23.7 a). It may be of advantage to divide the 
renal artery approximately 1 cm beyond its origin 
at the aorta. An endarterectomy of the renal artery 
and the renal artery ostium is performed, and the 
renal stumps are reconnected (Fig. 23.7b). The 
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posterior wall may be sutured continuously; how
ever, the anterior wall should be closed by inter
rupted sutures. The ends to be anastomosed 
should be beveled as much as possible to achieve 
a wide anastomosis. In cases of arteriosclerosis of 
the aorta, this procedure is preferable to reimplan
tation because the original conditions of the renal 
artery ostium may be reconstructed or maintained. 

V. Reimplantation of the Renal Artery 
into the Aorta (Fig. 23.7c) 

For lesions close to the aorta, an especially unfa
vorable location, the simplest procedure is to ligate 
and divide the renal artery at its origin and reim
plant it at a selected site on the aorta [23]. Care 
must be taken to ensure that a sufficiently large 
ostium is excised at the new takeoff site and that 
the aorta is properly endarterectomized in this re
gion. When the aorta is only partially cross
clamped, one must be sure that the true lumen 
has been opened; for in cases of intimal thicken
ing, the intima may be pushed inside, thus simulat
ing a lumen. As a result of endarterectomy, the 
aortic wall may be thinner at the origin of the 
renal artery; this ameliorates the disadvantage of 
anastomosing a relatively thick wall (aorta) to the 
often very thin wall of the poststenotically dilated 
renal artery. 

VI. Aortorenal Graft Interposition 
(Fig. 23.8 a--c) 

Graft interposition from the aorta to the peripher
al arterial end following resection of short or long 
stenoses may be used [10] in practically all situa
tions. The aorta is completely or partially cross
clamped distal to the origin of the renal artery 
at a readily accessible site. At the lateral aortic 
wall, an orifice is created matching the caliber of 
the renal artery. The prepared vein graft is sutured 
in place. V AN DONGEN advises making the anasto
mosis as wide as possible, either by means of a 
bifurcated segment of great saphenous vein whose 
branches are slit longitudinally, thus allowing the 
edges to be sewn together to form a large single 
orifice, or by means of a patch at the orifice of 
the vein graft (Fig. 23.8c). During this maneuver, 
blood flow in the kidney is normally maintained. 
Following completion of the anastomosis and test-
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Fig. 23.8a-c. Aortorenal graft L.,i-nt:-e-rp-o-s"'"'"it"'""io-n-. -O;OI.,.-lt is pre
sumed that venous grafting material can be harvested 
from the patient. In principle, prosthetic material can 
also be used; however, in the case of the renal arteries 
it has the disadvantage of low elasticity. VAN DONGEN 
recommends that one achieves an especially wide anasto
mosis at the aorta, either tailoring the vein at a bifurca
tion or using an additional vein patch to achieve a 
greater circumference (c). In this way, one should be 
able to avoid vein dilatations, which have been variously 
described and which can be interpreted as poststenotic 
dilatation. For anastomosis with the peripheral renal ar
tery the graft is passed in front of the vena cava; this 
facilitates the anastomosis, which should be beveled for 
greater longitudinal diameter 

ing it for tightness, the renal artery is divided, fol
lowing proximal ligation. Then the anastomosis 
of the vein is performed end-to-end to the healthy 
or poststenotic segment. The end-to-side anasto
mosis in the periphery is no longer performed, for 
hemodynamic reasons. 

VII. Aortobirenal Graft (Double End Bypass) 
(Fig. 23.9) 

In cases of bilateral renal artery lesions, the vein 
graft is anastomosed to the aortic wall side-to-side. 
Then, each vein end is again anastomosed end-to
end to the appropriate peripheral end of the renal 
artery. Essentials to this procedure, suggested by 
VAN DONGEN [7] are a good primary anastomosis 
of the aorta to the graft and resection of the vein 
valves. 
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Fig. 23.9. Aortobirenal graft interposition. In cases of 
bilateral renal artery stenoses, a double-end bypass graft 
may also be used. A sufficiently long vein graft is anasto
mosed to the anterior wall of the aorta side-to-side. Then 
the renal arteries were anastomosed one after the other 
to the ends of the bypass graft 

VITI. Extra-anatomic Reconstructions 

Under special circumstances, other bypass proce
dures may be used. For a time, the most common 
procedure consisted of dissecting the splenic ar
tery, dividing it peripherally, and then anastomos
ing it end-to-side or end-to-end to the poststenotic 
dilatation of the renal artery [4] (Fig. 23.10). Ob
jections are based on the fact that the splenic ar
tery is usually the first abdominal vessel affected 
by arteriosclerosis, a circumstance which rather 
seriously limits its long-term potential as a vascu
lar graft. An interposition graft between the supe
rior mesenteric, the hepatic [18], or the gastroduo
denal artery and one of the renal arteries is, practi
cally speaking, no longer indicated (Fig. 23.11 a, 
b). In contrast, iliacorenal interposition may be 
an alternative under special circumstances 
(Fig. 23.11 c). The procedure is the same as for 
aortorenal vein graft interposition; however, one 
should be aware that the region of the iliac vessels 
is a prime location for arteriosclerotic lesions, even 
when there are no lesions in the distal aorta. 

IX. Autotransplantation (Fig. 23.12a-c) 

Under certain circumstances, when vascular le
sions are located very peripherally, renal au
totransplantation, analogous to renal homotrans
plantation, has been suggested as a way of facili
tating the treatment. This procedure is not indicat
ed when the lesions are of arteriosclerotic origin, 
i.e., close to the aorta, because it requires down-
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Fig. 23.10. Splenorenal end-to-end anastomosis to the 
left renal artery. The advantage of this procedure is that 
it requires only one peripheral anastomosis. However, 
there is the disadvantage that the splenic artery is af
fected very early by arteriosclerotic lesions 

c 

Fig. 23.11 a-c. Special types of extra-anatomic recon
structions. In rare cases, especially for reoperations, it 
may be necessary to interpose a vein graft from the he
patic artery to the right renal artery (a), from the superi
or mesenteric artery to the left renal artery (b), or from 
the common iliac artery to the peripheral renal artery 
(c). In normal practice, however, these procedures are 
of little or no significance 
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Fig. 23.12a--c. Autotransplantation of the kidney. The 
continuity of the ureter may be maintained by moving 
the upper pole of the kidney downward (b) or total auto
transplantation may be necessary following complete re
moval and hypothermic perfusion of the kidney and ex 
situ reconstruction of stenotic branches, e.g., with a V
shaped patch of greater saphenous vein (c) 

ward displacement of the kidney into the minor 
pelvis and anastomosis of the renal vessels to the 
iliac vessels, in which extensive arteriosclerotic le
sions may also be present. Moreover, all renal col
laterals will be destroyed. In cases of very peripher
al lesions, however, one should consider a com
plete autotransplantation, involving ex situ 
"workbench" surgery [2]. Simple autotransplan
tation, however, is more often used in cases of 
long ureteral defects to locate the kidney as close 
to the bladder as possible. The details of simple 
autotransplantation are the same as for organ har
vesting from a living donor (Fig. 23.12c). In the 
meantime a perfusion with a hypothermic solution 
is recommended (see PICHLMAYR, Organtransplan
tation, vol. III, Allg. u. spez. Operationslehre). 

x. Ex Situ" Workbench" Surgery, 
Total Autotransplantation [2] 
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In this procedure, the kidney is completely re
moved, as in homotransplantation. Special care 
must be taken of the vascular supply to the ureter 
within the surrounding fatty tissue. Following hy
pothermic pulsatile perfusion, peripheral vessels 
can be reconstructed under the microscope. After 
its connection to the iliac vessels in the minor pel
vis (preferably by end-to-side anastomosis), the 
ureter is implanted into the bladder, as in homo
transplantation (Fig. 23.12c). 

F. Special Situations in Children 

Even in infants, renal artery lesions may cause hy
pertension [21] . When correcting these lesions, one 
has to consider that the organism is still growing 
and that continuous sutures must therefore be 
avoided. Often, one may use 7- 0 suture material 
for the very small vessels. Usually, the diseased 
or changed segment is resected, and either an end
to-end anastomosis or a reimplantation of the ar
tery is performed. Of course, other reconstructive 
procedures may be considered, but prosthetic ma
terial should not be used. 

G. Arterial Occlusion Based on a 
Preexisting Renal Artery Constriction 

Often, primary medical treatment of renovascular 
hypertension may result in progression of the ste
nosis and finally in complete occlusion, especially 
with lesions of arteriosclerotic origin. Similar 
problems are present in cases of renal artery occlu
sion following percutaneous transluminal angio
plasty. This special situation, as compared with 
an acute arterial occlusion, is usually characterized 
by well-developed collaterals [12, 25] . Therefore, 
even urine output, or in any case sufficient blood 
flow for the basic metabolism, can be maintained. 
Typically, the kidney behind such an occlusion is 
small and shows a smooth outline. An operation 
is indicated for maintenance of renal function if 
the patient is otherwise in good general condition. 
Nephrectomy should be performed only in cases 
of proven atrophy of pyelonephritic origin. Of 
course, the indication is urgent in cases of a single 
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kidney or of bilateral occlusion. Owing to the spe
cial pathophysiology, the time of operation de
pends on the urgency of the situation. The opera
tive approach corresponds to that for arterioscle
rotic lesions of the renal artery. The prognosis is 
always favorable if a good retrograde flow is 
achieved. 

A rare indication may also be given in patients 
already presenting with chronic renal insufficiency, 
where hypertension is hard to control and renal 
function worsens because of a renal artery stenosis. 
In rare cases, the time of first dialysis may be sig
nificantly delayed through revascularization [25]. 

H. Renovascular Hypertension Following 
Renal Transplantation 

Following renal transplantation, hypertension 
may also be caused by a renal artery stenosis [5]. 
The data in the literature report up to 10%. Three 
reasons are given: 

1. Unfavorable location of the anastomosis or sec
ondary shrinking of the anastomosis 

2. Intimal lesion of the renal artery resulting from 
cannulation for hypothermic perfusion 

3. Immunologic phenomena of the intima relating 
to graft rejection 

In such cases, it is difficult to determine whether 
the patient's own remaining kidney could be the 
cause of the hypertension or the transplanted func
tioning kidney. When the hypertension is difficult 
to control and renal function worsens, angiogra
phy should be performed to verify the diagnosis. 

For reconstruction several especially important 
points must be considered: 

A transperitoneal approach should be used. For 
the usual end-to-side or end-to-end anastomosis 
of the renal artery to the iliac artery, exposure 
of these vessels is much easier by this approach 
than by the extraperitoneal one, where the artery 
is reached by dissecting through the graft bed. Pro
ceeding from the proximal anastomotic region, 
one can achieve good exposure of the anastomosis 
itself as well as distal vascular segment. While dis
secting, one should bear in mind that the renal 
graft does not show any collaterals, in contrast 
to the case where there is gradual development 
of a stenosis in the patient's own kidney in its 
normal position. Accordingly, one must assume 
that the ischemic time that can be tolerated with-
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out acute renal failure is much shorter. The fastest 
procedure must therefore be chosen if one wishes 
to avoid conservation by perfusion. If the stenosis 
is located at the anastomosis, the site can usually 
be incised and a vein patch employed to achieve 
widening. In certain cases, and especially for end
to-end anastomoses, resection of the anastomosis 
followed by reanastomosis may be of greater ad
vantage. If these principles are observed, the loss 
of the graft should be avoidable. On the basis of 
our own experience, we believe that surgical cor
rection is preferable to percutaneous transluminal 
angioplasty (see p. 120). In the event of a compli
cation, especially arterial thrombosis during angio
plasty, quick action is the only way to save the 
kidney, since collateral circulation is lacking. 

I. Acute Occlusion of an Originally Normal 
Renal Artery [19] 

Acute occlusions of a renal artery which did not 
previously show any changes are caused either by 
embolism, trauma, or, in exceptional cases, by a 
spontaneous thrombosis. The acute occlusion of 
a vessel which was not previously stenosed should 
always be considered as an emergency because the 
sequelae of ischemia are bound to be more severe 
after 1 h due to the lack of collateral circulation. 
Therefore, in order to avoid permanent dialysis, 
the operation should always be performed as 
quickly as possible, especially when there is only 
a single kidney or when bilateral lesions are pres
ent. It is not possible to say with certainty how 
long an occlusion may persist and still allow par
tial function of the kidney since the degree to 
which collateral circulation has developed will ob
viously vary greatly from case to case. In cases 
where the time of ischemia is relatively long, there 
is the risk of massive postoperative urinary bleed
ing, due to tissue necrosis. This may eventually 
lead to secondary nephrectomy. While in cases of 
trauma the symptoms may be more or less clear, 
embolism can be accompanied by an acute pain 
attack. In any event, the presence of nearly com
plete anuria strongly suggests total occlusion of 
the renal artery, and appropriate diagnostic mea
sures are urgently indicated. In these situations, 
digital subtraction angiography may well be the 
diagnostic procedure of choice [15]. Indirect meth
ods, e.g., isotope nephrogram or intravenous py
elogram, may fail. When in doubt, angiography 
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Fig. 23.13. Renal artery embolism. The embolus is re
moved with a Fogarty catheter inserted through a longi
tudinal arteriotomy on the aorta. Afterward, the 
arteriotomy is closed with a short continuous suture. 
Alternatively, the procedure shown in Fig. 23.14 may 
be used 

c 

Fig. 23.14a-i:. Renal artery trauma with intimal dissec
tion and subsequent thrombotic renal artery occlusion. 
Thrombectomy is performed through a longitudinal ar
teriotomy (a). Intimal defects are fixed by transluminal 
sutures (b). Since the lumen of the renal artery is of 
normal width in this situation, the arteriotomy should 
be closed with a vein patch (c) 
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should be used. If the diagnosis is certain and there 
are no contraindications, one should operate im
mediately. Following dissection and placement of 
tapes around the diseased artery, transverse inci
sion of the vessel approximately 1 em distal to the 
ostium is convenient, given an otherwise normal 
vascular situation. When there is a risk of stenosis, 
an incision may be made in the partially clamped 
aortic wall at the takeoff of the renal artery 
(Fig. 23.13). If an embolus is found here, it is easily 
removed following incision of the artery. The pre
pared clamp is immediately placed on the aorta 
and residuals of embolic or secondary thrombi are 
removed from the periphery by means of a Fogarty 
catheter. In every case, retrograde flow should be 
achieved. Following flushing with heparinized 
Ringer's solution, the arteriotomy is closed with 
6-0 interrupted sutures. If there is suspicion of 
simultaneous arteriosclerotic lesions, a longitudi
nal incision of the artery with subsequent enlarge
ment using a vein patch as described for chronic 
lesions is more favorable. When the acute occlu
sion has been caused by trauma, involvement of 
the intima must almost always be assumed 
(Fig. 23.14a). Even if the artery exhibits only mi
nor changes externally, a longitudinal incision is 
necessary, both for good exposure of the trauma
tized area and for fixation of the peripheral end 
of the intima (Fig. 23.14b). The incision is then 
closed using a vein patch (Fig. 23.14c). 

K. Additional Procedures 
in Renovascular Hypertension 

Fibrodysplastic renal artery lesions are often asso
ciated with a floating kidney. If the kidney is clear
ly hypermobile, nephropexy should be performed 
in addition to shortening the renal artery. This 
may be achieved by means of sutures passing 
around the lowest rib and crossing the upper pole 
of the kidney. If the renal artery branches are not 
to be revascularized, resection of the appropriate 
renal parenchyma should be considered. To define 
the border of the appropriate parenchyma it is 
advisable to inject indigocarmine into the renal 
segment. Following resection of the diseased par
enchymatous segment, the remaining parenchyma 
is closed by continuous suture of the capsule. 
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L. Complications and Reoperations 
of the Renal Arteries [8] 

Reoperations may become necessary for postoper
ative complications such as bleeding or early reoc
clusion, or later for restenosis, gradual occlusion, 
or development of an aneurysm. In the event of 
abrupt changes in blood pressure or renal func
tion, postoperative rebleeding or rethrombosis 
have to be excluded. If the changes are serious, 
this should be done by angiography as soon as 
possible. If reintervention becomes necessary, one 
should quickly gain access to the appropriate renal 
vessels, as in the first operation. It is urgently rec
ommended that the vessels are reexposed and that 
loops are placed around them again. 

In case of rebleeding from incisions or anasto
moses, brief cross-clamping cannot be avoided. If 
there is a rethrombosis, it is absolutely essential 
that the reconstruction has to be checked for possi
ble technical errors as these are usually the princi
pal reasons for rethrombosis. A vein patch may 
have to be sutured into an occluded segment, or 
it may even be necessary to implant a venous inter
position graft. 

Late reoperations due to restenosing or develop
ment of aneurysms at the suture line or graft may 
be difficult, especially the dissection. The region 
not previously exposed should now be exposed 
first; dissection is then continued in the direction 
of the diseased artery, which usually lies amid 
dense adhesions. If the lesions are too serious, vein 
interposition may offer the best means of bypass
ing the diseased area. However, as long as one 
can detect renal parenchyma capable of recovery, 
nephrectomy should be avoided in favor of revas
cularization. 
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Sympathectomy is performed for permanent sym
pathetic denervation of the lower, and less often 
the upper extremity; it serves as an indirect means 
of increasing blood flow or as a supplement to 
vascular reconstruction. 

Fig. 24. 1. la-c. Thoracic sympathectomy. a Skin inci
sion. b Exposure of the sympathetic chain. c Resection 

a 

A. Thoracic Sympathectomy 

I. Indications 

Indications are Raynaud's disease, Raynaud's phe
nomenon, peripheral embolism, or thrombosis, 
thromboangitis (rarely), and finally, excessive hy
perhidrosis of the hands. Usually the therapeutic 
effect on the sudomotor fibers is definitive; how
ever, 1-2 years after the operation an increasing 
regeneration of vasoconstrictive fibers may occur. 
Therefore, it is indispensable to obtain appropriate 
informed consent of the patient. 

II. Operative Technique 

The patient is in the lateral position. The approach 
is through a small axillary thoracotomy at the up
per edge of the third rib. A curvilinear skin incision 
is made along the course of the third rib, between 
the dorsal edge of the pectoralis muscle and the 
anterior edge of the latissimus dorsi muscle 

/Panet81 pleura 
Third thoracIc sympatMtlC gang han 
Sympathellc chain 
Four thoracIc sympathetic ganglion 

/..---------, 

c 
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(Fig. 24.1.1 a). The serratus muscle is split in the 
direction of its fibers, and the thorax is opened 
at the upper edge of the third rib. The upper lobe 
is retracted laterally and caudally. The thoracic 
sympathetic chain, located paravertebrally is visi
ble through the parietal pleura which is divided 
longitudinally (Fig. 24.1.1 b). The stellate ganglion 
is identified. The sympathetic chain between the 
third and fourth thoracic ganglia is drawn up with 
a clamp or a nerve hook. The chain is divided 
and resected as far as the caudal portion of the 
stellate ganglion (Fig. 24.1.1 b). Injury to the gan
glion must be avoided at all costs as a Homer 
syndrome will otherwise result. The thorax is 
closed with three or four pericostal interrupted su
tures. Placement of a chest tube may be abandoned 
if the continuous suture of the serratus muscle is 
pulled tight when the lung is inflated. Complete 
lung extension, however, must be confirmed by 
X-ray prior to extubation. It is safer to drain the 
region for 24 h, using a small-caliber chest tube 
(16-20 Charriere) attached to a water-seal drain
age system. 

B. Lumbar Sympathectomy 

I. Indications 

The indication for lumbar sympathectomy alone 
is still controversial. However, lumbar sympathec
tomy as a supplementary procedure to increase 
the blood supply to the crural region is performed 
more often [1, 2, 3,4,6,7]. Removal of the ganglia 
L2 to L4 results in an interruption of the vasocon
strictive fibers to all peripheral lower extremity 
vessels of the skin as well as of the muscles. This 
causes an increase in blood flow to the cutaneous 
vessels and also to most of the arteriovenous 
shunts of the extremities, which serve as tempera
ture regulators. Recently, there have been clinical 
as well as experimental results showing an increase 
in muscle blood supply, at least for a short time 
[2, 6]. If lumbar sympathectomy alone is planned, 
without vascular reconstruction, there must be a 
certain minimal perfusion pressure of the arteries 
in the region of the ankle (about 50 mmHg), as 
lumbar sympathectomy usually causes an addi
tional decrease in the peripheral pressure. Unmea
surable peripheral pressures are a contraindication 
for lumbar sympathectomy in all cases. In a given 
case, the effect of lumbar sympathectomy on the 
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nutritive cutaneous perfusion as well as on the 
thermoregulatory arteriovenous shunts may be ac
curately estimated preoperatively by peridural an
esthesia and determination of transcutaneous oxy
gen pressure at the wrist, as well as by skin temper
ature measurement using a thermocamera [6]. This 
method permits preoperative identification of par
adoxical ischemia following sympathectomy. 

ll. Operative Technique 

For lumbar sympathectomy, the approach is retro
peritoneal. The skin incision may be either para
rectal or in the flank area (Fig. 24. 1.2 a). We prefer 
a relatively cranial, almost transverse incision in 
the direction of the fibers of the transversus mus
cle, the latter being split over its whole length. 
The transversalis fascia is carefully retracted later
ally or the peritoneum bluntly pushed medially, 
using the hand, until the lateroventral edge of the 
iliopsoas muscle is palpated. From there, the plane 
is developed medially to the vertebral column 
(Fig. 24. 1.2 b). The muscles and the peritoneum 
are retracted with two broad hooks. The sympa
thetic chain between the vertebral column and the 
medial edge of the iliopsoas muscle can now be 
identified; a clamp is passed underneath it, and 
it is divided (Fig. 24.1.2 c). Dissection of both seg
ments is continued caudally (L3/L4) and cranially 
as far as possible, in order to be able to remove 
ganglion L2 for denervation of the thigh as well, 
if desired. Afterwards, the operative field is briefly 
compressed with two hot sponges, and bleeding 
from lumbar veins is controlled. Placement of a 
drain is usually not required. The wound is closed 
by continuous suture of the transversus muscle 
and interrupted sutures of the fascia. 

The sympathetic chain segment being resected 
should always be identified histologically, as in 
thoracic sympathectomy. 
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Except for emergencies, the goal of lower extremi
ty amputation is to restore the patient to ambula
tory status, even though this usually entails a cer
tain impairment of physical capability. In any indi
vidual case, the vascular situation is of decisive 
importance. One should no longer accept the long
held opinion that lower extremity ischemia of vas
cular origin is best treated by an above-knee ampu
tation. In elderly patients who are to receive a 
prosthesis, more distal levels of amputation have 
considerable practical advantages over above-knee 
amputation and should therefore be selected 
whenever feasible [1]. 

A. Indications for Operation 

The pathophysiologic indication for operation is 
given when the perfusion of a limb or limb segment 
falls below the minimum required to maintain me
tabolism and correction by operative or conserva
tive measures is not possible. 

Characteristically, the clinical symptoms are in
tractable pain and progressive infection. Local 
mummification per se is no indication for amputa
tion. 

The general condition of the patient and the 
risk factors must be evaluated prior to any ampu
tation. Metabolic deviations as well as cardiac, 
pulmonary, and renal disturbances must be treated 
[6]. Prior to the amputation one should also ascer
tain by angiography whether reconstructive vascu
lar procedures may still be possible, if this has 
not already been done prior to a previous vascular 
procedure. 

Exceptions are emergency amputations of a 
nonvital extremity in acute life-threatening situa
tions. 

Preexisting active infections endanger the result 
of amputation. Therefore, infection should be con
trolled prior to amputation whenever possible. 
This may be achieved, for example, by local drain
age procedures such as removal or fenestration of 
necrotic skin areas with subsequent local antiseptic 
therapy. This is especially successful in the foot. 
When the infection cannot be controlled by these 
procedures, open amputation should usually be 
performed [11]. 

The parameter ultimately determining the level 
of amputation is perfusion, which must be evalu
ated intraoperatively by direct observation of the 
blood flow remaining at the selected level. Another 
parameter is the capability of the muscles to con
tract following transverse incision during the am
putation. 
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B. Selection of Amputation Levels 

I. Limited Amputation 

Clear demarcation may often be detected in dia
betic peripheral angiopathy, where macroangiop
athy is missing or not important, and also follow
ing successful arterial reconstruction. In both 
cases, one is able to achieve the most peripheral 
amputation level possible, removing only the ne
crotic segments of the member and preserving the 
defense mechanisms in the region of demarcation. 
Limited amputations are most often performed on 
the toe. However, they may also be performed in 
cases of segmental extension of necrosis to the fore
foot. 

ll. Forefoot 

Necroses involving the entire forefoot are usually 
not considered suitable for a limited amputation. 
In most cases, transmetatarsal amputation must 
be performed. The level of the metatarsal joint 
is generally considered to be the most proximal 
site for amputations of the forefoot. Parts of the 
base of the second metatarsal protruding proxi
mally are preserved in order to achieve a uniform 
amputation level. Disarticulations at Chopart's 
joint, without additional complicated stabiliza
tions, are not beneficial. Over longer periods of 
time, they will result in deformities of the equino
varus type, owing to a lack of symmetric muscle 
insertions; they therefore require either in the pri
mary or in a second operation complex corrections 
that cannot be recommended in ischemic extremi
ties. Most necroses are so extensive and the circu
lation so limited that only ankle disarticulation, 
i.e., the next higher level, is considered. 

Local pressure necrosis of the heel is a special 
case. Excision of the necrotic tissue, together with 
partial or complete amputation of the calcaneus, 
may be performed. Thus, primary wound closure 
is possible. Careful tailoring following partial am
putation of the calcaneus serves as prophylaxis 
against subsequent pressure damage [1]. 

ill. Ankle 

In the frequent femoral and popliteal artery occlu
sions, amputation between the metatarsals and the 
lower leg IS indicated only very seldom. In these 
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rare cases Syme's amputation may be considered 
as a simple procedure to achieve an end-weight
bearing stump. Two sessions may be necessary in 
cases of impaired circulation, especially when in
fections are present. During the primary session, 
only disarticulation is performed. Later, osteo
tomy of the ankle has to be carried out through 
small incisions. Usually, a patent third popliteal 
segment (trifurcation) is required for this amputa
tion level. In cases with sufficient collaterals of 
the profunda femoris artery, the superficial femo
ral artery may also be occluded. 

IV. Below Knee 

From the point of view of rehabilitation, below
knee amputation is preferred whenever there is 
macroangiopathy due to more proximal occlu
sions, and knee function is preserved. Usually, a 
well-perfused profunda femoris artery is necessary 
for this amputation level. Below-knee prostheses 
bear the weight on both femoral condyles or on 
the tibial head. Besides making it easier to put 
on and take off the prosthesis, this amputation 
level provides relatively safe, unimpaired ambula
tion. However, for this type of prosthesis, the 
stump of the tibia has to measure at least 6 cm. 
Tibial tuberosity must be preserved. 

v. Knee 

For a long time, amputation at the knee was 
looked upon with disfavor because of the difficul
ties it posed for prosthetic management. However, 
with the recent development of prostheses 
equipped with mechanical knee joints, this attitude 
is no longer justifiable [2, 7]. Knee disarticulation 
usually requires patent iliac arteries and a suffi
ciently perfused profunda femoris artery. 

Following knee disarticulation the stump ulti
mately bears the weight, in contrast to the above
knee amputation. This facilitates ambulation with 
the prosthesis, especially in patients of reduced 
physical capability. The amputation does not im
pose great stress on the patient as there is only 
very minor soft tissue trauma, owing to the lack 
of muscles. 
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VI. Thigh and Hip 

If tissue perfusion in the region of the knee is insuf
ficient, above-knee amputation must be per
formed. The adductor muscles in particular show 
reduced perfusion, so that often a relatively high 
amputation level is indicated. The trochanter ma
jor, however, must be preserved completely, be
cause its amputation would mean that muscular 
guidance of the stump could no longer be guaran
teed. If perfusion is not sufficient at this level, am
putation at the hip is preferable. It may be possible 
to preserve the head of the femur and parts of 
the femoral neck. 

VD. Upper Extremities 

Upper extremity amputations due to vascular dis
ease are rare and are therefore discussed only in 
general terms. For the most part, these procedures 
are necessitated either by distal end necroses of 
an extremity in cases of thromboangitis obliterans 
or by a peripheral embolism. In such cases, one 
should try to keep the amputation level as periph
eral as possible by vascular reconstructions or by 
simultaneous medical angiologic therapy. The ex
tremity should be preserved as long as possible, 
especially the fingers, which are most often af
fected. However, this should not be done at the 
price of closing a wound under tension, because 
perfusion will never be sufficient to supply the skin 
flap. Flaps are likewise unsuitable for closure of 
the stump in this situation, although they are wide
ly used elsewhere. . 

C. Operative Technique 

I. General Approach 

Amputations are performed in tissues of greatly 
reduced vitality. Therefore, the operative tech
nique must be as atraumatic as possible. Compres
sion trauma, careless handling with hooks, and 
tensile stress on the suture line may quickly result 
in tissue necrosis. The use of electric coagulation 
should be completely avoided. 

Placement of a tourniquet is out of the question 
in patients undergoing amputation. Skin flaps with 
an unfavorable length-breadth ratio often result 
in distal end necrosis. Additional trauma during 
osteotomy must also be avoided. Therefore, clean-
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cut edges should be achieved. When using electri
cal saws, the bone must be cooled by water. 

Approximating antagonistic muscle groups of 
the stump (myoplasty) or suturing them to the 
bone (myodesis) gives the best functional results 
[5]. However, as a rule, this procedure cannot be 
used in patients suffering from vascular diseases 
as muscle perfusion is often liInited. 

D. Toe Amputation (Fig. 24.2.1) 

In the region of the toes, as well as in cases of 
partial forefoot demarcation, limited amputation 
is possible. The tissue is divided transversely just 
distal to the demarcation zone. The stump should 
always be left completely open; it will be closed 
by wound contraction and epithelial growth from 
the margins. For the complete and final amputa
tion of a toe, disarticulation at the metatarsopha
langeal joint, with preservation of the head of the 
metatarsal, should be the objective. The brady
trophic tendons are resected at a higher level when
ever possible. 

Fig. 24.2.la-d. Toe amputation. a Partial necrosis of 
the first toe. b In cases of clear demarcation the toe 
is divided just distal to the demarcation. Closure of the 
wound is not required. c When there is no clear demarca
tion, a metatarsophalangeal disarticulation is per
formed, preserving the head of the first metatarsal. 
d Following disarticulation, the wound is closed by a 
plantar soft-tissue flap 
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ill. Forefoot Amputation (Fig. 24.2.2) 

In cases of clear demarcation not involving the 
entire forefoot, limited amputation may also be 
performed. In extensive necrosis, transmetatarsal 
amputation at the level of the proximal third of 
the metatarsal is indicated. A soft tissue flap is 
created on the plantar side and turned dorsally. 
The small foot muscles may be severed first to 
achieve better trimming of the skin flap for wound 
closure. The metatarsals are divided in the spongy 
proximal region at such an angle as to achieve 
a "sled runner" effect as a safeguard against pres
sure sites. Disarticulation at the metatarsotarsal 
joint should not be performed in an undulating 
plane; one should take care to achieve a level am
putation plane. This may be accomplished by pre
serving part of the second metatarsal head. 

IV. Ankle Disarticulation (Fig. 24.2.3) 

Ankle disarticulation according to Syme, with pri
mary or secondary osteotomy at the outer and 
inner ankle, provides an end-weight-bearing 
stump. The patient walks on the skin of the heel, 
which is preserved. The skin is incised transversely 
on the anterior surface of the ankle. The incision 
extends distally at a right angle in front of the 
ankle. In this way, the skin of the entire heel is 
preserved. The extensor muscles are divided and 
the joint is opened. The talus and calcaneus are 
resected, together with the metatarsals and fore
foot. Care has to be taken that the skin flap 
around the ankle is not too thin. A transverse os
teotomy of the fibula and the tibia is made primar
ily, or better, secondarily, in the ankle region, 
especially if an infection is present. Two large Re-
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Fig. 24.2.2a--c. Forefoot amputation. a The forefoot is 
incised approximately at the level of the proximal third 
of the metatarsals, and a long plantar flap is created. 
The metatarsals are tailored to achieve a curvilinear sled
runner shape as a safeguard against pressure damage. 
b The flexor tendons and the small flexors of the toe 
are amputated for better approximation of the plantar 
flap . The dorsalis pedis artery and vein are ligated sepa
rately. c For wound closure, the plantar flap is turned 
dorsally. The walking surface is free of scar tissue 

Fig. 24.2.3a--c. Ankle disarticulation according to SYME. 
a The curved incision before the ankle joint is extended 
downward perpendicularly, preserving the skin of the 
heel. In cases of infection, an osteotomy in the region 
of the malleoli should not be performed primarily. 
b Disarticulation is performed at the ankle joint. c The 
preserved skin flap of the heel is turned to the volar 
surface, achieving a good end-weight-bearing stump 

c 
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don drains are placed. The skin flap is turned ven
trally, and the wound is closed. 

v. Below-Knee Amputation (Fig. 24.2.4) 

In most below-knee amputations for vascular oc
clusions, a dorsal flap according to BURGESS is suit
able [3, 4]. Also, two lateral flaps according to 
PERSSON [10] are recommended for lower leg isch
emia. The dorsal flap must be relatively long (13-
15 cm). The soleus muscle may be resected to 
achieve a slim stump. Resection of the muscles 
at the junction to the subcutaneous tissue should 
be avoided as it may result in disturbed perfusion 
of the flap. Prior to the osteotomy of the tibia, 
the periost can be incised and pulled up beyond 
the suggested site of the osteotomy. Following os
teotomy, the periost is then be pulled back over 
the site of resection and sutured. Thus, the physio
logically increased pressure within the bone cavity 
is preserved. The osteotomy of the tibia must al
ways be performed distal to the tibial tuberosity, 
because otherwise the stump cannot be guided fol
lowing resection of the tendon of the quadriceps 
femoris muscle. 

As a rule, the stump of the tibia should measure 
at least 6 cm. The optimal length of the tibia is 
about 12 cm. The end of the tibia should be care
fully filed smooth to avoid later pressure sites by 
the prosthesis. Furthermore, the ventral crest 
should be beveled. Removal of the bone marrow 
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Fig. 24.2.4a-e. Below-knee amputation. a A circular in
cision is placed so as to provide a flap approximately 
13-15 cm long. The tibia has to be divided distal to the 
tubercle of the tibia. The bone is beveled on its ventral 
surface to avoid pressure damage. The fibula is divided 
approximately 1 cm above this. b The soleus muscle is 
resected to achieve a better stump shape. The vessels 
are ligated at the amputation level, the nerves being di
vided approximately 3 cm proximally. c Following place
ment of drains, the stump is closed using the dorsal 
flap 

should be avoided, because ring-shaped sequestra 
may result. 

The fibula is divided approximately 0.5-1 cm 
proximal to the tibia. A very small fibular end 
should be resected completely. The vessels are li
gated separately at the amputation level whenever 
possible. The nerves should be divided approxi
mately 3 cm higher up, so that the developing neu
roma does not lie within the soft tissue covering 
the stump. 

VI. Knee Disarticulation (Fig. 24.2.5) 

For knee disarticulation also, the patient can be 
placed in a supine position. The skin incision be
gins below the tibial tuberosity and continues as 
two bilateral curved incisions down to the popli
teal fossa, forming two lateral flaps . Thus, the su
ture line will lie between the condyles outside the 
pressure zones. The patellar ligament is divided 
just above the tibial tuberosity. Later, it can be 
fixed to those portions of the cruciate ligaments 
that are left over. Traction by the retinacula, how
ever, will keep the patella in place, so that this 
additional fixation may be abandoned. In fact, the 
shape of the stump is even more suitable for a 
prosthesis if the patella is slightly retracted cranial-
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ly. The knee joint ligaments are divided cranially 
and the menisci resected. Following division of the 
posterior capsule, the vessels are exposed and may 
be isolated and ligated. In this case, too, the nerves 
must be divided approximately 3-5 cm proximal 
to the amputation level. The heads of the gastroc
nemius muscles are resected as well. Following 
placement of a large caliber drain, simple wound 
closure is sufficient. 

Fig. 24.2.5a-c. Knee disarticulation. a Below the knee 
joint, two lateral flaps are formed. The patellar ligament 
is divided at the tibial tuberosity, and all structures with
in the knee joint are resected, except the insertions of 
the cruciate ligaments. b Following division of the dorsal 
capsule, the structures within the popliteal fossa may 
be ligated even when the patient is in a supine position. 
c Because of the two lateral flaps, the sutures are located 
within the intercondylar space, outside the weight-bear
ing area 

Fig. 24.2.6a-c. Above-knee amputation. a The skin inci
sion with a fishmouth configuration provides a longer 
dorsal flap. b Following osteotomy and smoothing of 
the bony edges, the vessels are ligated at the amputation 
level, the nerves 3 cm above it. The muscles are sutured 
together loosely, combining agonists and antagonists. 
c Following placement of large caliber drains, a short~r 
volar flap is sutured to the longer dorsal flap 
\l 

a 

b 

a 

Superflclallemoral a and v 

Profunda femons a and v 

635 



636 

YD. Above-Knee Amputation (Fig. 24.2.6) 

At the thigh, an anterior and posterior flap are 
usually provided. In most cases, a larger dorsal 
flap is recommended because of better blood sup
ply to the flexor muscles. The femur may be di
vided just below the greater trochanter. The op
posing muscles are sutured loosely in front of the 
bone, which is filed smooth. The vessels are ligated 
at the amputation level, the nerves approximately 
3 cm proximally. Large drains are placed to 
achieve sufficient drainage of the secretions. 

vm. Hip Disarticulation (Fig. 24.2.7) 

A dorsal flap is normally used to cover the wound. 
The ventral muscles are divided below the inguinal 
ligament. It is not always necessary to remove the fe
mur within the hip joint; often, resection of the neck 
of the femur is sufficient. The dorsal skin flap re
mains attached to the gluteus maximus muscle. 

Fig. 24.2.7 a--e. Modified hip disarticulation. a Following 
division of the soft tissues below the inguinal ligament, 
a dorsal skin-muscle flap is provided. The osteotomy 
is made at the neck of the femur. b The vessels are 
ligated at the inguinal ligament and the nerves divided 
above it. c Following placement of large caliber drains, 
the wound is closed by turning the dorsal flap ventrally 
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IX. Upper Extremity Amputations 

Fingers are amputated depending on the extent 
of the necrosis. Whenever possible, a longer pal
mar flap should be provided to avoid a scar in 
the region of the gripping surface. In thromboangi
tis obliterans, a finger often has to be resected 
completely or only a short segment of the proximal 
phalanx remains. Suturing the tendons of the ex
tensor muscles to those of the flexor muscles must 
be avoided because the gliding of adjacent tendons 
would be impaired. In the case of higher amputa
tions, the stump should be as long as the local 
blood supply will allow, since the longer the 
stump, the less complex the problems of prosthetic 
management. In disarticulations of the wrist or 
elbow, the condyles should be preserved as this 
is more favorable for a self-bearing prosthesis. 
Again, one must take care to ligate the vessels 
at the amputation level and to divide the nerves 
more proximally [8]. 

D. Fundamentals of Postoperative 
Management 

It is necessary to distinguish between immediate 
and early postoperative fitting of the prosthesis. 
In the former case, a temporary cast is applied 
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while the patient is still on the operating table. 
In the latter case, the stump is first wrapped with 
an elastic bandage, which is never circular and 
constrictive, and wound healing is checked at short 
intervals. When healing is complete, usually within 
about 14 days, an initial prosthesis is applied. In 
our experience, early postoperative fitting is usual
ly called for in patients suffering from vascular 
disease because detection of impaired wound heal
ing has priority. However, good results have also 
been reported in patients who underwent immedi
ate fitting [5, 9]. 

Postoperatively, flexion, perhaps from cushions 
under the joints, must be carefully prevented. Ab
duction of a femoral stump and placement of cush
ions under the lumbar vertebrae should be avoided 
as well. Also, prolonged sitting may result in joint 
contractures. 

Physiotherapy should prevent contractures and 
achieve full motility, as well as increasing muscle 
function of the stump. In addition, the patient has 
to be prepared for the stress of ambulation train
ing. In elderly patients, special attention must be 
paid to strengthening the muscles of the arm, e.g., 
by use of a chest expander, in order to facilitate 
walking on crutches. However, it should also be 
noted that many patients over 75 years of age find 
it impossible to get about either with a prosthesis 
or on crutches. We believe it is best to accustom 
these patients as soon as possible to the use of 
a more feasible aid, such as a wheelchair. 
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Some of the muscle compartments of the upper 
and lower extremities are completely separated by 
fasciae. The intracompartmental pressure is usual
ly only a few mmHg. For various reasons, an in
crease in pressure may occur in such a compart
ment which can only be treated by complete divi
sion of the fascia. If an increased pressure above 
the capillary perfusion pressure (approximately 
30 mmHg) persists over several hours, irreversible 
muscle necrosis, with subsequent scarred contrac
ture, will result. Although the final etiology and 
pathogenetic mechanism ofthe increased compart
ment pressure, up to 90 mmHg, has not yet been 
clearly established [3, 4], it is generally accepted 
that there is only one therapeutic possibility: im
mediate longitudinal division of the fascia. 

B. Causes and Indications 

The most frequent cause of increased pressure is 
massive arterial bleeding within a compartment 
following direct vascuclar injury. The bleeding will 
sometimes stop by self-tamponade, but not until 

intracompartmental pressure approaches the arte
rial blood pressure. The second major cause is in
terstitial postischemic muscle edema resulting 
from increased permeability of the capillary walls 
following hypoxia. This type of edema occurs 
especially following reperfusion after distal circu
lation has been interrupted for several hours, or 
following late embolectomy, or when a tourniquet 
for hemostasis has been applied too long. Particu
larly extreme situations are encountered when 
both causes are present: direct arterial bleeding 
from a vascular injury and subsequent tissue hy
poxia from a tourniquet applied for several hours 
to achieve temporary hemostasis. If the vascular 
bed is reperfused after 2-4 h in such a situation, 
a compartment syndrome will result in 100% of 
cases, with consequent neuroparalysis and muscle 
necrosis, unless fasciotomy is performed. 

The relation between increased intracompart
mental pressure and subsequent muscle necrosis 
or irreversible impairment of nerve conduction is 
characterized by hypoxia of ischemic origin; owing 
to the high hydrostatic pressure within the intersti
tial tissue, the postcapillary venules are first com
pressed, and later the capillaries and precapillary 
arterioles as well [1, 2, 5]. The initial capillary out
flow block results not only in capillary stasis with 
subsequent tissue hypoxia, but also in an increase 
of the transcapillary filtration pressure and in
creased transcapillary filtration, with tissue edema. 

Hypoxia causes an increased permeability of the 
capillary endothelium, resulting in a further in
crease of the edema, despite a sometimes enor
mously increased interstitial pressure. 

Owing to interrupted capillary perfusion, tissue 
oxygen pressure also decreases to almost 0 mmHg 
within a short time. Anaerobic glycolysis produces 
lactate, resulting in severe local acidosis [6]. 

The compartment syndrome is therefore char
acterized by tissue edema, necrosis, and irrevers
ible hypoxic nerve damage [2, 5]. Following de
compression, hemodynamic changes such as those 
associated with tourniquet shock may result from 
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reperfusion: metabolic acidosis, fall in blood pres
sure, hyperkalemia, and renal failure due to myo
globin deposits. As in all hypoxic states, only time 
will tell whether hypoxic damage of myoneural 
structures will be irreversible or not. The only ther
apeutic approach, therefore, is decompression as 
early as possible by dividing the investing fascia 
over its entire length. 

C. Operative Technique 

In cases of a localized compartment syndrome in
volving only one isolated compartment, e.g., the 
anterior tibial compartment, decompression is 
usually achieved by simple fasciotomy and closure 
of the skin incision. However, when all compart
ments of the extensor and flexor muscles are in
volved, complete decompression can be achieved 
only by a simultaneous extensive skin incision, 
which is not closed at first. 

Fig. 24.3.1 a-d. Lower leg fasciotomy. a, b Isolated open
ing of the anterior tibial compartment. Direction and 
extent of the fasciotomy and division are indicated by 
the broken line. c Transverse section of the lower leg. 
The arrows mark the sites of fasciotomy : 1, anterior 
tibial compartment; 2, peroneal compartment; 3, dorsal 
compartment. d Location of skin incisions for severe 
compartment syndrome with additional division of skin 
and subcutaneous tissue 

a 
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I. Limited Fasciotomy 

Limited fasciotomy means decompression of the 
anterior tibial compartment. The fact that this 
compartment is most frequently involved can be 
explained on anatomic grounds. It is a completely 
enclosed space, bounded medially by the tibia, 
dorsally by the interosseous membrane, ventrally 
by the deep fascia of the tibialis anterior muscle, 
and laterally by the intermuscular septum. It con
tains four muscles, the tibialis anterior muscle, the 
extensor digitorum longus muscle, the extensor 
hallucis longus muscle, and the peroneus tertius 
muscle (Fig. 24.3.1 a). The motor innervation of 
all four muscles is provided by the anterior tibial 
nerve, passing obliquely through the compart
ment. Damage to the anterior tibial nerve and 
muscle necrosis are especially common because the 
compartment is closed absolutely tight. The sur
face of the fascia is exposed by one or two small 
lateral longitudinal skin incisions, and is incised 
longitudinally over several centimeters. Then the 
fascia is split downward as far as the lateral mal
leolus using long blunt scissors opened only a few 
millimeters (Fig. 24.3.1 b). Division of the fascia 
is extended cranially to the knee joint, special care 
being taken to preserve the anterior tibial nerve 
at the level of the head of the fibula. 

Injury to the nerves, vessels, and muscle fibers 
can be avoided if the scissors, which are opened 
only a few millimeters, are simply pushed forward, 

3 
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with no snipping action. When the edematous 
muscle fibers protrude over the skin level, the inci
sion is left open for 5-7 days and is secondarily 
approximated by interrupted sutures or strips. 

ll. Extensive Fasciotomy 

The limited skin incision and fasciotomy of the 
anterior tibial compartment are not usually suffi
cient in cases of hard edema of the entire lower 
leg, e.g., following injury of the popliteal artery, 
following delayed embolectomy and complete 
ischemic syndrome, or following application of a 
tourniquet for several hours. In such cases, the 
lateral longitudinal skin incision starts just distal 
to the head of the fibula and terminates a few 
centimeters proximal and ventral to the lateral 
malleolus (Fig. 24.3.1 c, d). A second skin incision 
is made on the flexor side, somewhat lateral to 
the midline, and the compartments of the gastroc
nemius and the soleus muscle are opened by exten
sive fasciotomy. After the gastrocnemius and so
leus muscles are retracted laterally, the flexor digi
torum muscles, the flexor hallucis longus muscles, 
and the posterior tibial muscle lying underneath 
are exposed and inspected. Wet sterile dressings 
are placed on the skin incisions for 5-7 days. The 
skin will be closed later by means of dressings that 
effect an approximation of the edges. The extremi
ty is placed on a splint elevated by about 20° to 
reduce the transcapillary pressure and to accelerate 
absorption of the edema. Of course, constricting 
circular dressings are contraindicated. Detumes
cence may be accelerated by administering drugs 
such as diuretics, with simultaneous administra
tion of heparin as a safeguard against thrombosis. 

D. Upper Extremity Fasciotomy 

Vascular injuries, tourniquet, and postischemic 
syndromes following embolectomy of the upper 
extremity are rare. Fasciotomy must be consid
ered, especially following injury of the axillary or 
the brachial artery, where perfusion is restored 
only after several hours. Fasciotomy should also 
be considered when peripheral nerve damage oc
curs which is not a result of injury to the plexus 
or when an initially palpable pulse disappears ow
ing to increasing swelling of the extremity. The 
postischemic syndrome following replantation of 
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an extremity almost always requires fasciotomy in 
the upper and lower arm. In the lower arm, inci
sions may be required on the volar as well as the 
dorsal side, originating proximal to the wrist and 
terminating distal to the elbow. The fasciae are 
opened selectively and the muscle compartments 
carefully retracted. In this case also, the skin is 
usually left open before approximation is achieved 
by dressings after 5-7 days. 
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Even today, extracorporeal hemodialysis still rep
resents the only chance of survival for many pa
tients suffering from renal insufficiency. For this 
therapy, which is sometimes lifelong, the individ
ual must be connected to an "artificial kidney" 
one to three times per week. An appropriate an
gioaccess is absolutely necessary for hemodialysis. 
In patients undergoing long-term hemodialysis an 
arteriovenous fistula must be established. In the 
Federal Republic of Germany today, about 18000 
patients undergo hemodialysis. Each year there 
will be approximately 3500 new patients. These 
figures indicate the significance of circulatory ac
cess for hemodialysis. 

The creation of arteriovenous fistulas is there
fore an important and significant field for the vas
cular surgeon. Shunt surgery represents a peculiar-

ity because it is not performed for the sake of 
the blood vessel itself, but in order to change the 
original anatomic situation so that an appropriate 
vascular segment may withstand repeated punc
tures. Careful preparation and examination of the 
patient is a precondition for the successful creation 
of fistulas. Usually no invasive measures such as 
angiograms are required. It is necessary to preserve 
the superficial veins of the arms prior to hemodial
ysis as these veins will be so important for the 
shunt. It is also necessary to search carefully for 
alternatives to the venous outflow by manual ex
amination prior to the operation. Only where 
problems arise, e.g., in reoperations, is it normally 
justified to perform invasive preoperative diagnos
tics to evaluate the operative indication for the 
appropriate fistula. 

ll. Possible Angioaccesses and Their Assessment 

In order to perform maintenance hemodialysis, the 
shunt vessels must be easily accessed, and there 
must be sufficient blood flow, i.e., about 150-
250 ml/min laminar flow. The dialysis may be 
venovenous, arteriovenous, or arterioarterial. 

1. Arteriovenous Dialysis 

For arteriovenous dialysis, a direct connection be
tween the arterial high pressure system and the 
venous low pressure system is constructed. This 
short circuit utilizes the physiologic pressure gra
dient. The appropriate flow rate (150-250 ml/min) 
is practically always provided and may be ex
ceeded significantly in many cases. The pump of 
the dialysis machine supports the flow during 
treatment. Four types of arteriovenous shunts may 
be constructed to perform arteriovenous hemodia
lysis: 

a) Puncture of an Artery and a Vein. An easily 
accessible artery (e.g., the superficial femoral ar-
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tety) is punctured percutaneously with a metal 
cannula. The blood is returned to the venous sys
tem following passage through the dialyzer. 

b) External Shunt. In this procedure, Teflon can
nulas are inserted into the vessels, and a short cir
cuit is established by means of two silastic limbs. 

c) Subcutaneous Arteriovenous Fistula. An artery 
and a vein are connected together directly or by 
graft interposition. All parts of the fistula are un
derneath the skin. For each treatment, 1-2 punc
tures are performed with large caliber cannulas 
that are connected to the dialyzer by plastic tub
ing. 

d) Biocarbone Valve. This is a new shunt connect
ing an artery and a vein by a prosthetic graft. 
A biocarbone valve arises from the graft (through 
the skin) which is connected to the dialyzer by 
tubing. 

2. Venovenous Dialysis 

With this technique, the blood is taken from a 
large caliber vein by percutaneous cannulation. 
Following passage through the machine, it is re
turned to the same or another suitable vein. A 
blood pump is always required to achieve suffi
cient flow. 

3. Arterioarterial Dialysis 

Another possibility for hemodialysis is the arte
rioarterial technique. This requires arterioarterial 
cannulation, which of course takes a lot of effort. 
However, it is feasible to displace an artery subcu
taneously (e.g., the superficial femoral artery), and 
then to cannulate it. Furthermore, it is possible 
to implant an arterioarterial bypass subcutaneous
ly and then to cannulate it. 

4. Assessment of the Various Shunts, 
Differential Indications 

When the internist recommends hemodialysis, the 
surgeon has to decide which type of shunt will 
offer the patient the most favorable angioaccess 
for hemodialysis. 

Here, one has to distinguish between urgent an
gioaccess for hemodialysis (e.g., acute renal fail
ure, intoxication) and routine maintenance. 

Acute hemodialysis requires immediate an
gioaccess, e.g., direct major vein cannulation per-
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formed by the nephrologist. However, when larger 
shunt volumes are required (e.g., in intoxication) 
a surgeon may consider an external fistula (e.g., 
a Quinton-Scribner shunt) for acute hemodialysis. 
Today, the indication for an external Quinton
Scribner shunt is limited largely to acute angioac
cess. The relatively short life of this fistula, togeth
er with the fact that there is simultaneous destruc
tion of an important vascular region, has lead to 
great reservations regarding the indication. How
ever, when the shunt is necessary, it should be 
placed in the lower leg whenever possible, thus 
preserving the arm for a subcutaneous fistula that 
may eventually become necessary. If acute renal 
failure turns into chronic renal failure and a Quin
ton-Scribner fistula is present in the arm, the exter
nal fistula should be converted into a subcutane
ous arteriovenous fistula. 

In all types of chronic renal failure, early con
struction of a subcutaneous arteriovenous fistula 
is recommended, especially to provide time for the 
veins to become sufficiently dilated and arterial
ized. As all subcutaneous fistulas wear out from 
frequent cannulations, it is essential that a periph
eral fistula be established first, and preferably a 
Brescia-Cimino fistula [4] between the cephalic 
vein of the forearm and the radial artery proximal 
to the wrist, consideration being given to which 
hand is the dominant one. When there are prob
lems, one has to search further proximally. It de
pends on the local situation whether the operation 
is performed on the ipsilateral arm or whether the 
peripheral vessels of the contralateral lower arm 
are used. 
, Today, subcutaneous fistulas of the elbow are 

also of special significance. Although in this case 
the segment formed for cannulation is shorter, it 
is nevertheless adequate for dialysis if the "single 
needle" technique is used. 

In view of the availability of prosthetic material 
for fistula construction, it is doubtful whether re
positioning of the major subcutaneous veins (e.g., 
basilic, saphenous vein) is still necessary, especially 
when one considers that the subcutaneous venous 
retrograde flow will be disturbed significantly and 
suitable sites for connection of prosthetic grafts 
may be lost. 

Subcutaneous fistulas utilizing prosthetic grafts 
should also be viewed with suspicion because of 
the risk of infection (when implanting and cannu
lating). It should be noted that cannulation of this 
fistula should be started 3 weeks postoperatively 
at the earliest, in order to allow the large wound 
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to heal and the graft to settle, thus avoiding the 
riks of early complications, hematomas from the 
cannulation, and infections. 

With every subcutaneous fistula, all possibilities 
for reintervention should be fully exhausted in 
order to make the most effective possible use of 
the superficial veins, which are of such limited 
availability. 

B. Construction of External Fistulas 
(Quinton-Scribner Shunt) [16] 

Permanent external shunts were first described by 
QUINTON, DILLARD, and SCRIBNER in 1960. This 
technique began a new chapter in the treatment 
of patients requiring maintenance hemodialysis. 
Here, only the most important types of external 
shunts are described since nowadays other fistulas 
have largely replaced this procedure. 

I. Placement of a Shunt in the Lower Leg 
Betweeu the Posterior Tibial Artery 
and the Greater Saphenous Vein 

1. Anatomy 

The sensibility of the medial side of the lower leg 
is provided by the rami cutanei cruris mediales 
of the saphenous nerve. The skin veins represent 
a large network which is the source of the great 
saphenous vein on the medial side and of the small 
saphenous vein on the lateral side. The great sa
phenous vein passes upward in a slight curve in 
front of the inner malleolus, receiving several trib
utaries in this segment. It continues on rather 
straight and in a proximal direction to the posteri
or aspect of the medial femoral condyle. The vein 
is accompanied by the saphenous nerve. In the 
distal two thirds of the lower leg, the nerve, being 
a sensory subcutaneous end branch of the femoral 
nerve, usually passes in front of the vein. In the 
proximal third, it passes behind the vein. The pos
terior tibial artery and its veins as well as the tibial 
nerve represent the medial neurovascular bundle 
of the lower leg. This bundle descends from the 
popliteal fossa down into the deep compartment 
of the flexor muscles, remaining underneath the 
tendinous arch of the soleus muscle; hence, togeth
er with the posterior tibial muscle, which can serve 
as a guideline, it continues its descent, remaining 
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underneath the lamina profunda fasciae cruris. 
Along the way, the posterior tibial vessels course 
closer and closer to the medial side. Finally, they 
emerge from beneath the soleus muscle at the junc
tion of the middle and distal third of the lower 
leg (behind the flexor digitorum longus muscle). 
Here, the neurovascular bundle is located directly 
underneath the fascia; it finally passes through the 
third tendon compartment of the flexor retinacu
lum down to the foot. In the operative field, the 
tibial nerve is located behind the vessels. Some
times, it divides here into its two end branches, 
the medial and lateral plantar nerve, the latter 
crossing underneath the posterior tibial artery and 
its concomitant veins. The dorsal artery of the foot 
and the anterior tibial nerve reach the foot below 
the inferior extensor retinaculum. They can be ex
posed lateral to the tendon of the extensor hallucis 
longus muscle, which usually protrudes signifi
cantly. 

2. Positioning 

Because the posterior tibial artery must be ligated, 
one must be certain prior to the operation that 
the anterior tibial artery is functioning properly. 
When the shunt is to be constructed in the lower 
leg, the patient is placed in the supine position. 
Slight flexion, abduction and external rotation at 
the hip is advantageous as well as a 45° flexion 
of the knee. 

3. Operative Approach (Fig. 25.1. a) 

The approach is through two separate longitudinal 
skin incisions about 5 em long. Care must be taken 
to ensure that the ankle joint and the shunt do 
not impair each other in their respective functions. 
The skin incision over the great saphenous vein 
should be performed at a proximal level to achieve 
sufficient soft tissue to cover the prosthetic materi
al above the inner malleolus. The incision over 
the posterior tibial artery, however, should be 
placed further distally, over the site where the ves
sel emerges from beneath the deeper layers of fas
ciae and muscle; an incision here will facilitate 
dissection of the artery. If both vessels are rather 
close to each other, a single longitudinal incision 
between the posterior tibial artery and the great 
saphenous vein is possible. 
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Fig. 25.1 a-k. External fistula according to QUINTON and 
SCRIBNER [16] in the lower leg. a Operative approach 
to the great saphenous vein and the posterior tibial ar
tery through two separate skin incisions, each about 
5 cm long. b The great saphenous vein is exposed, ligated 
distally and a suture is placed around it proximally. T
shaped incision of the vein. c Creating a subcutaneous 
pocket for the silastic tubing. d Insertion of the tip of 
the Teflon cannula (" vessel tip") into the saphenous 
vein, the tip being comlected to the silastic tubing. e, 
f The vein is fixed to the vessel tip and secured by tying 
the ligatures over the Silastic tubing and the vein. g The 
silastic tubing is pulled through the skin through a sepa
rate incision. b Exposure of the posterior tibial artery 
and insertion of the vessel tip into the artery. i External 
fistula in the lower leg according to QUINTON and 
SCRIBNER [16]. The two silastic limbs are short-circuited 
by means of a Teflon connector. j Modified external 
shunt ("winged-in-line shunt") according to RAMIREZ 

[17] (in the lower leg). Two stabilizing wings are con
nected to the limbs to achieve better fixation. k Instead 
of a simple connector, aT-shaped Teflon connector may 
be used, allowing flushing of the fistula with heparinized 
solution through the side arm 
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4. Surgical Technique 

First, the saphenous vein is exposed and dissected 
free of the subcutaneous tissue over a length of 
at least 2 cm; two sutures are placed around it. 
The vein is then ligated, using the distal stay su
ture. Once tied, the suture should not be cut since 
it will be used later for fixation of the silastic tub
ing (Fig. 25.1 b). The vessel is incised transversely, 
using a scalpel or scissors, so that half of the cir
cumference is open. The venotomy may also be 
T -shaped to facilitate subsequent cannulation. Im
mediately afterward, the lumen is flushed and 
filled with heparinized saline solution, using a 
bulb-headed cannula to avoid intraoperative for
mation of thrombi and at the same time to verify 
venous outflow. If necessary, the vein may also 
be gently dilated by the flushing. Dilation of the 
vein with probes or a Fogarty catheter is not rec
ommended, owing to the likelihood of intimal in
jury. 
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Prior to cannulation, a tunnel is formed to ac
comodate the subcutaneous portion of the Silas tic 
tubing (Fig. 25.1 c). 

The graft segment lying underneath the skin 
serves to fix the system. The dimensions and 
course of the subcutaneous pocket must therefore 
correspond precisely to those of the tubing. The 
tubing is to be inserted under the skin without 
kinking or twisting, and once in place, it must 
be completely immobile, so that kinks cannot sub
sequently develop. The already assembled venous 
limb of the shunt, consisting of the Teflon tip and 
the Silastic tube, can be used as a guide for crea
tion of the pocket and also, once the hooks have 
been removed, for marking the site where the tube 
will pass through the skin (cf. Fig. 25.1 g). 

To cannulate the blood vessels, the Silastic tub
ing is mounted on the tip of the Teflon cannula. 
The connection may be reinforced by a suture tied 
around the tube (Fig. 25.1.d). Choosing the right 
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Teflon cannula is of great importance for the func
tion of the shunt. The diameter of the tip should 
approximately match the inner diameter of the 
vessel. When the caliber of the cannula is too large, 
atraumatic insertion and fixation within the vein 
is impossible. The rigid vessel tip scrapes along 
the vessel wall, inevitably injuring the endothe
lium, and thereby creating a predisposition to 
thrombosis. If the cannula is too small, it will not 
be adequately fixed within the vascular lumen, and 
its movement will likewise cause intimal lesions. 
Moreover, the difference in caliber causes turbu
lence in the blood flow and stagnation of the blood 
between the vessel wall and the cannula, thereby 
adding to the risk of thrombosis. 

The Teflon tip of the venous limb is now filled 
with heparinized saline solution and then inserted 
carefully into the vascular lumen (Fig. 25.1. a). The 
vessel tip is then tied to the vein to achieve fixation 
and is also tied to the stay suture on the saphenous 
vein (Fig. 25.1.e, f). Prior to the final placement 
of the Silastic tubing, it is necessary to create an 
opening for the passage to the surface. The wound 
hooks are removed, and the skin is brought back 
to its original position. The incision must be placed 
so that a tight connection with the tubing is 
achieved without narrowing the tubing significant
ly. The Silastic tubing is then pulled out through 
the skin using a small clamp after the curved limb 
of the shunt has been placed within the subcutane
ous tissue (Fig. 25.1 g). 
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The arterial limb of the shunt is fixed in place 
using essentially the same procedure. A second 
longitudinal incision is made somewhat distally 
(Fig. 25.1 a). Afterwards the fascia cruris is split 
and the posterior tibial artery exposed underneath 
the soleus muscle. Two tapes are placed around 
it and the exposure is extended, matching the 
length of the cannula (Fig. 25.1 h). A much more 
extensive proximal exposure of the artery, as com
pared with the vein, is required so that the Teflon 
tip can be inserted without interference from the 
clamp that is to be used later for temporary inter
ruption of the blood flow. The artery is ligated 
distally using the stay suture. Care should be taken 
to fill the occluded vessel with heparinized saline 
solution and to dilate it carefully. Fixation of the 
vessel tip is accomplished in the same manner as 
with the venous limb. 

The arterial Silastic tubing is then passed 
through the skin. Both limbs of the shunt are con
nected together by a small tube. Prior to the con
nection the air is removed from the Silas tic tubing 
(Fig. 25.1 i). Instead of a simple straight Teflon 
connector, aT-shaped connector with a side arm 
may be used, allowing continuous administration 
of heparin (Fig. 25.1 k). 

Among the numerous types of external shunts 
reported in the literature only one modification 
the so-called winged-in-line shunt according to 
RAMIREZ [16] is mentioned here (Fig. 25.1j). In 
this type the 1800 Silastic tubing segments are 
omitted. The fixation is provided by two wings 
connected to the Silastic tubing in the subcutane
ous tissue, providing better fixation of the whole 
system. The operative approach is largely identical 
to that of the Silastic Teflon Quinton-Scribner 
shunts. 

II. Placement of a Shunt in the Lower Arm 

A Quinton-Scribner shunt can be placed in the 
lower arm, utilizing the radial artery or the ulnar 
artery as the arterial limb and the cephalic or basil
ic vein as the venous limb. It should be emphasized 
once again that an external shunt in the lower arm 
traumatizes a vascular region that is important for 
maintenance hemodialysis and may eventually 
render it unusable. Therefore, this procedure 
should be used only in exceptional cases. 

For details of anatomy, positioning, and opera
tive approach see pp. 647-649. 
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1. Surgical Technique 

Because of the close proximity of the radial artery 
to the cephalic vein of the forearm, only one inci
sion about 4-5 cm long is required. Following dis
section, the vein is ligated distally again, incised 
transversely or "T -like," flushed with heparin, 
and filled with saline solution. A subcutaneous 
tunnel is created. Again, one must match the ex
tent of the subcutaneous pocket to the length and 
position of the tubing. Insertion of the vessel tips 
and of the Silastic tubing is performed in the same 
way as described for the foot (Fig. 25.2a). In the 
arm, the so-called Ramirez winged-in-line shunt 
may be used as an alternative [17]. 

ill. Postoperative Complications 

With external fistulas the risk of infection is high 
because the prosthetic graft passes through the 
skin. Therefore, a daily sterile change of wound 
dressings is important. In cases of infection in the 
operative field, the prosthetic material has to be 
removed and the vessels ligated. 

The major complication of this fistula, how
ever, is thrombosis of the vein or the artery at 
the junction of the vessel tip and the intima; this 
explains the relatively short life of these fistulas. 
Today, early local fibrinolysis is a means of throm
bus removal and recanalization. Reinterventions 
using a small balloon catheter may also be success
ful. Especially after the fistula has been function
ing for a long time, chronic vessel damage by inti
mal hyperplasia has to be expected. Here, one may 
try to reinsert the tubing system proximal to the 
old site of implantation. In many cases, however, 
the Quinton-Scribner fistula has to be reconstruct
ed, with the renewed risk of definitive injury to 
other vascular regions which are important for 
maintenance hemodialysis. Therefore, subcutane
ous fistulas are preferred because they remain 
functional for a longer period of time and offer 
a good possibility for successful reintervention. 

c. Subcutaneous Arteriovenous Fistulas 

I. Fistulas Utilizing Autogenous Vessels 

In subcutaneous fistulas created using autogenous 
vessels, the blood, following the path of least resis-
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tance, is short-circuited directly from the artery 
into the vein, bypassing the capillaries. This pro
duces changes in the wall structure of the arterial
ized vein. The thin-walled vein is usually dilated 
by the high intraluminal pressure and may often 
become visible along the entire course of the ap
propriate outflow. In addition to this dilatation, 
however, after a few days or weeks there is a pro
nounced hypertrophy of the media with augmenta
tion of the smooth muscle; as a result, the vessel 
wall becomes significantly thicker and more resis
tant. The most important subcutaneous arteriove
nous fistulas utilizing autogenous vessels are listed 
below. The sequence does not reflect a judgement, 
but is merely according to anatomic position. The 
most important anastomotic techniques are de
scribed in more detail in the section on the classical 
Brescia-Cimino fistula. 

1. The Arteriovenous Fistula Distal 
to the Wrist [10] 

For anatomy and positioning see below. 

a) Operative Approach. To construct an arteriove
nous fistula distal to the wrist, a longitudinal inci
sion about 3 em long is made in the tabatiere, i.e., 
between the tendon of the extensor pollicis longus 
muscle and the extensor pollicis brevis muscle. 

b) Surgical Technique. First, the cephalic vein of 
the forearm is exposed entirely over a length of 
2-3 em, avoiding injury to the superficial branch 
of the radial nerve. Following division of the fascia 
manus, the radial artery is dissected over the same 
length. The gap in the fascia should not compress 
the vessel. For the anastomotic technique see the 
following section. 

2. Arteriovenous Fistula Proximal to the 
Wrist Between the Radial Artery and the 
Cephalic Vein (Brescia-Cimino Fistula) [4] 

a) Anatomy. The skin of the forearm is elastic 
and mobile. On the extensor side, the skin is 
stronger than on the flexor and radial side. Senso
ry function is provided by the musculocutaneous 
nerve on the flexor and radial side, by the anterior 
branch and the ulnar branch of the musculocuta
neous nerve on the flexor and ulnar side. The su
perficial branch of the radial nerve perforates the 
fascia in the distal third of the lower arm and pro
vides the sensory function of the radial dorsum 
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of the hand and the extensor side of the proximal 
phalanx of the thumb, the index finger, and part 
of the middle finger. 

The coarse-mesh venous network of the back 
of the hand is the source of both great skin veins 
of the lower arm, the cephalic and the basilic veins. 
Both pass over to the extensor side in a screwlike 
fashion, usually in the distal third of the forearm. 
On the flexor side they pass upward to the elbow, 
being connected to each other by several tributar
ies. The cephalic vein exhibits an oblique course 
and is relatively straight when looked upon from 
the radial side. A few centimeters proximal to the 
processus styloideus radii (in the operative field) 
one often finds a pronounced bifurcation where 
it is joined by a separate dorsal vein of the hand 
or a tributary connecting with the basilic vein on 
the extensor side. 

After branching off from the brachial artery 
in the middle of the bend of the elbow, the radial 
artery passes straight to the processus styloideus 
radii (mostly distal to the joint cavity). The vessel, 
together with both its concomitant veins and the 
superficial branch of the radial nerve, is located 
superficially along its entire length in the forearm 
and may be exposed in the proximal third between 
the pronator teres muscle and the brachioradialis 
muscle (serving as a guideline) and the distal two 
thirds between the brachioradialis muscle and the 
flexor carpi radialis muscle (Fig. 25.2c). In the re
gion of the wrist, a superficial palmar branch, usu
ally thin, leaves the radial artery and passes to 
the superficial palmar arch. The radial artery then 
passes under the extensor retinaculum to the taba
tiere, crossing the tendons of the abductor pollicis 
longus muscle and the extensor pollicis brevis mus
cle. Finally, it crosses under the extensor pollicis 
longus muscle and, after perforating the interos
seus muscle I, it forms the deep palmar arch. 

The ulnar artery first passes downward on the 
deep flexors of the forearm, crossing under the 
median nerve. Only in the distal third is it located 
more superficially, together with the ulnar nerve 
and its concomitant veins, between the flexor digi
to rum superficialis muscle and the flexor carpi ul
naris muscle. 

Both arteries of the lower arm are connected 
through several anastomoses in the region of the 
hand, so that one vessel is usually sufficient to 
provide adequate blood supply to the hand. Prior 
to the operation, however, it must be demon
strated that both arteries are functioning (Allen 
test). 
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Fig. 25.2a-i. External fistula in the lower arm, between 
the radial artery and the cephalic vein according to 
QUINTON and SCRIBNER [16]. a Defined situs. b Opera
tive approach for construction of a subcutaneous Bres
cia-Cimino fistula in the lower arm, between the radial 
artery and the cephalic vein. c Brescia-Cimino fistula 
in the lower arm, between the cephalic vein and the 
radial artery. The fascia of the forearm has been divided. 
d Beginning the side-to-side anastomosis with two dou
ble corner sutures. The vein is occluded by two suture 
tourniquets, the radial artery by fine clamps. e Insertion 
of the needle into the distal posterior wall of the artery. 
f Continuous suture of the posterior wall of the vein 
and the artery from inside. g Passing the suture out of 
the vein from within, and tying the proximal corner su
ture. h, i The anterior wall may be sutured continuously, 
from both ends, so that the knot is placed in the middle 
of the anastomosis 
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b) Positioning. Placement of an arteriovenous 
fistula in an upper extremity is always done with 
the patient in a supine position and the arm ab
ducted 900 and extended. The hand is in an inter
mediate position between pronation and supina
tion. For operative procedures on the ulnar artery, 
it may be necessary to change the position of the 
arm. 

c) Operative Approach. The approach is through 
a longitudinal incision 4-5 em long, proximal to 
the processus styloideus radii, between the radial 
artery and the cephalic vein (Fig. 25.2b). To con
struct the curvilinear fistulas two incisions may 
be made adjacent to each other or over both ves
sels (see below; Fig. 25.4). 

d) Surgical Technique 

(I.) Side-to-Side Anastomosis. One should always 
expose the cephalic vein first and check the condi
tion of its wall intraoperatively. Often the vein 
will have been damaged to some extent or may 
show hitherto undetected strictures, as this region 
also represents one of the most important sites 
of puncture. 

The vein is dissected over a length of 4-6 cm, 
according to the distance between the vein and 
artery. Tapes are placed around it. The course of 
the superficial branch of the radial nerve must be 
carefully noted. Tributaries are ligated and di
vided, thereby making it possible to achieve an 
anastomosis free of tension and a concentrated 
retrograde flow through just one vein. 

Following division of the lower arm fa ia, the 
radial artery is exposed between the tendons of 
the brachioradial muscle and of the flexor carpi 
radialis muscle (Fig. 25.2c). The vascular compart
ment should be dissected free upward and down
ward as far as possible to avoid later kinking or 
constriction in this region. The artery is dissected 
free of the surrounding tissue and its concomitant 
veins over a length of about 4 cm. Smaller side 
branches are ligated and divided. These ligatures 
must be performed. They must not become the 
cause of postoperative bleeding or later stenoses 
due to a hematoma of the arterial wall. The ce
phalic vein is closed distally, using a suture tourni
quet or a small bulldog clamp. The incision is 
made with a scalpel and extended, using fine 
scissors, to achieve a maximal opening of 1 cm 
(Fig. 25.2c). The vein is then flushed with heparin
ized saline'solution through a bulb-headed cannu-
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lao The vein may also be carefully dilated by this 
flushing, and sufficient patency should be ascer
tained. Dilation of the veins with a balloon cathe
ter or bougienage should be avoided whenever 
possible (intimal lesions). 

The radial artery is carefully occluded proxi
mally and distally using fine vascular clamps. An 
incision is made in the artery, corresponding to 
the position and length of the venotomy. Heparin
ized saline solution is injected into the artery as 
well. Dilation of the vessel using probes or cathe
ters is not recommended. 

The radial artery and cephalic vein are placed 
side to side so that the incisions match exactly. 
There should be no tension or kinking (Fig. 
25.2d). 

The anastomosis is performed with a continu
ous suture of 6-0 or 7-0 absorbable or nonabsorb
able suture material (Fig. 25.2e-i). Two double 
corner sutures are passed through the vein and 
artery from inside and tied. It is recommended 
that the posterior wall be sutured continuously 
from inside, proceeding as follows: the distal 
corner suture is first inserted into the posterior 
wall of the artery or the vein, depending on the 
situation of the vessels at that end of the anasto
mosis (25.2e). Upon completion of the continuous 
suture of the posterior wall, the suture must be 
passed from the inside outward before being tied 
to the suture already in place at the proximal 
corner (Fig. 25.2f, g). The anterior anastomotic 
wall is then completed, either starting at the proxi
mal end and proceeding to the distal end or start
ing from both ends and completing the suture in 
the center (Fig. 25.2h, i). When the vessels are 
small, it is best to place 3-5 interrupted sutures 
at the proximal corner in order to avoid stenoses 
(periarterial tissue). 

This procedure was described by BRESCIA and 
CIMINO [4] in 1966. It may be changed into a func
tional end-to-side anastomosis by ligation of the 
cephalic vein distal to the fistula or into a function
al end-to-end anastomosis by distal ligation of 
both vessels, to drain the entire arterial blood vol
ume into the central vein. 

P) End-to-Side Anastomosis. Following exposure 
of the blood vessels, the mobilized cephalic vein 
is ligated distally. Prior to the ligation, the end 
is beveled, matching the incision of the artery. The 
radial artery is again incised up to 1 em on the 
side facing the vein (Fig. 25.3 a). The beveled vein 
end may now be incised longitudinally at the prox-
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<J Fig. 25.3a-g. End-to-side anastomosis of the cephalic 
vein to the radial artery, the vein entering at an acute 
angle. a-g Following dissection, one first divides the vein 
transversely. Then, a longitudinal incision is made in 
the artery on the side facing the vein. Completion of 
the end-to-side anastomosis by continuous suture of the 
posterior wall from inside, the anterior wall being re
tracted carefully by two stay sutures. After completion 
of the posterior suture, the anterior wall is sutured con
tinuously, as in the side-to-side anastomosis 

imal corner to match the length of the anastomosis 
with the arteriotomy. The beveled end enters at 
an acute angle, avoiding kinking as far as possible. 
Approximation of the vessels is provided by a con
tinuous suture, as with the side-to-side anastomo
sis (Fig. 25.3 b-g, f). Also in this case, interrupted 
sutures may be placed in the proximal corner of 
the anastomosis to avoid a stenosis. 

Fig. 25.4. Curved end-to-side anastomosis of the cephal
ic vein to the radial artery in the distal lower arm. The 
operative approach is through two staggered longitudi
nal incisions made alongside (or over) each vessel. These 
incisions make it possible to mobilize a vein segment 
that is long enough to form a curve ; they also allow 
for an anastomosis free of tension and twisting 
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Fig. 25.5a-d. End-to-side anastomosis of the cephalic [> 

vein to the radial artery utilizing a vein branch (natural 
patch graft angioplasty). The cephalic vein often has 
large bifurcations. They are ligated approximately 5 cm 
distal to the dichotomy, (a) divided transversely and tai
lored like a patch (b). Afterward the vein thus prepared 
is anastomosed end-to-side to the radial artery as de- a 
scribed before (c, d) 

Another technique for maintammg laminar 
blood flow in the fistula is the so-called smooth 
loop anastomosis. Here, the vein forms an arch 
which provides for nearly turbulence-free blood 
flow. A drawback, however, is the increased risk 
of kinking (Fig. 25.4). If the cephalic vein is bifur
cated at the anastomotic site, it can be incised and 
tailored in such a way as to increase the diameter 
of the anastomosis (Fig. 25.5 a-d). c d ______ ---.; 

y) End-to-End Anastomosis. Here, as with the side
to-end anastomosis, there are essentially two pos
sibilities. The" tennis racket" fistula, distinguished 
by its acute angle (Fig. 25.6), will be discussed first. 
Following dissection, both vessel ends are beveled 
and brought together, creating a V-shaped connec
tion. A continuous suture can be used, as with 
a side-to-side or side-to-end anastomosis. At the 
corners, interrupted sutures may help to avoid 
stenosis. With sufficient dissection, it is possible 
to suture the posterior wall from outside. In con
structing this type of anastomosis, however, it is 
more convenient to connect the vein to the artery 
end-to-side and then to ligate the artery distally, 
thereby creating a functional end-to-end anasto
mosis. 

Another possibility for an end-to-end anasto
mosis is the so-called loop of the radial artery as 
shown in Fig. 25.7. As a rule, the vein may be 
used for the arch as well. In 1975, while investigat
ing the various procedures, GERLACH and LYMBER

OPOULOS pointed out that the V-shaped end-to-end 
anastomosis is the only one that provides an al
most laminar flow. Furthermore, the regions of 
stagnation and turbulence are smallest when the 
end-to-end anastomosis to the arterial arch is con
structed in a straight line. Other authors [12] place 
the anastomosis exactly at the apex of the loop. 
Concerning the anastomotic technique, one should 
always use interrupted sutures for an end-to-end 
anastomosis. With vessels of especially small cali
ber, the anastomosis may be facilitated by pre
vious contralateral longitudinal incisions of the 

Fig. 25.6. "Tennis racket" fistula. End-to-end anasto
mosis of the radial artery to the cephalic vein in the 
distal forearm, the radial artery entering at an acute 
angle. Following dissection, both vessels are divided 
transversely and the ends beveled. The anastomosis is 
performed by the usual technique 

r--t+r-H -t- Il ·r-

-------------~- -
Fig. 25.7. Completed end-to-end anastomosis, producing 
an arterial vascular arch. In this case, too, the approach 
is made through two displaced longitudinal incisions 
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vascular ends. However, it should be pointed out 
that the end-to-end anastomosis described may 
kink much more easily, especially after a long peri
od of time, when the fistula has become dilated 
and stretched by the shunt. 

3. Arteriovenous Fistula Proximal to the 
Wrist Between the Ulnar Artery and the 
Basilic Vein (Ulnar Shunt) 

For details of anatomy and positioning see 
pp. 647, 649. 

a) Operative Approach. The operative approach 
is through a longitudinal incision about 3-5 cm 
long, between the ulnar artery and the basilic vein, 
2 cm proximal to the ulnar head. When using the 
curved type of fistula as described above, it may 
be helpful to have two separate incisions. 

b) Surgical Technique. Following exposure and 
mobilization of the basilic vein of the forearm, 
which is often less straight and passes further from 
the appropriate artery than the cephalic vein, the 
fascia is divided and the ulnar artery exposed be
tween the tendons of the flexor carpi ulnaris mus
cle and the flexor digitorum superficialis muscle. 
Concerning the anastomotic technique see Sect. 
C1.2. (p. 647). 

4. Basilic Vein Repositioning in the Forearm 

For details of anatomy and positioning see 
pp. 647, 652, 653. 

a) Operative Approach. With this procedure the 
basilic vein is exposed through several skin inci
sions. In the region of the elbow, a transverse inci
sion is made according to the anatomic situation 
(Fig. 25.13a). 

b) Surgical Technique. Following dissection of the 
basilic vein, the tributaries joining the vein are li
gated and divided. The vessel is then ligated at 
the level of the wrist, and the end is beveled. Also 
in this case the occluded vessel is filled with hepa
rinized saline solution during venous stasis. The 
further steps in the procedure are shown in 
Fig. 25.13 b-d. Using an appropriate tunneling in
strument, a subcutaneous tunnel is formed, leading 
to the radial artery. The vein is pulled through 
the tunnel to the artery, care being taken not to 
twist the vein. Care must also be taken to ensure 
that the vein lies just beneath the skin in order 
to facilitate cannulation. 
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The anastomotic technique is the same as that 
described on pp. 649-650. 

5. Arteriovenous Fistula in the Elbow 

Given the ever-increasing number of patients on 
maintenance dialysis, there are correspondingly 
more cases in which arteriovenous fistulas in the 
periphery of the arm have led to complications. 
As a result, the elbow has begun to assume greater 
importance as an alternative site for fistula con
struction [7] . All too often, a prosthetic graft is 
used for management of such complications. But 
because it is possible nowadays, using the single 
needle technique, to get by with only a relatively 
short shunt, a functional fistula at the elbow, uti
lizing the cephalic or the basilic vein, will normally 
be sufficient for effective hemodialysis [15]. 

a) Anatomy. The sensory innervation of the thin 
elastic skin of the anterior and medial side of the 
upper arm and elbow is provided by the medial 
cutaneous nerve of the arm (Fig. 25.8). The medial 
cutaneous nerve of the forearm, which lies on the 
brachial artery in the medial bicipital groove, 
reaches the subcutaneous tissue approximately in 
the middle of the upper arm, usually together with 
the basilic vein, through a gap in the fascia having 
the same name. Often, it has already divided to 
form its two major branches (anterior ramus, ra
mus ulnaris nervi cutanei antebrachii medialis) 
(Fig. 25.8). 
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Fig. 25.8. Operative approach and anatomy of the elbow 
region 
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They pass through the elbow in a manner simi
lar to that in which the lateral cutaneous nerve 
of the forearm perforates the fascia in the distal 
one third of the upper arm. The sensory innerva
tion of the lower arm, except for the extensor side, 
is provided by all three nerves together. 

The skin veins in the region of the elbow (and 
of the forearm) are extremely variable. Essentially 
two patterns can be distinguished: 

- The cephalic vein and the basilic vein are con
nected by a median cubital vein passing from 
radial-distal to ulnar-proximal. In this case, the 
median vein of the forearm is often underdevel
oped or absent. 

- There may be a third large skin vein of the fore
arm, the median vein of the forearm, branching 
V -shaped into the median basilic and the medi
an cephalic vein in the elbow. After a short dis
tance, these veins join the major cutaneous veins 
of the arm having the same names (Fig. 25.8). 

The superficial veins of the elbow are almost al
ways connected to the deep veins by a perforating 
branch. The cephalic vein continues through the 
flat lateral bicipital groove, often almost ventrally 
across the biceps muscle, to the shoulder, and then 
through the sulcus deltoideopectoralis to Mohren
heim's fossa. 

The larger basilic vein usually passes in the me
dial bicipital groove above the fascia. Somewhat 
distal to the middle of the arm, it passes through 
the basilic hiatus into the deep region and soon 
joins the brachial vein; indeed, it might be seen 
as the continuation of the latter (Fig. 25.14a). 

The brachial artery has a large branch, the pro
funda brachii artery, originating in the proximal 
third of the upper arm, passing over to the exten
sor side together with the radial nerve between 
the long and the medial head of the triceps muscle. 
In the middle of the upper arm, the neurovascular 
bundle still consists of the brachial artery with its 
two or three concomitant nerves, the ulner nerve 
accompanying it medially, the median nerve run
ning lateral and ventral to it, and the medial cuta
neous nerve of the forearm. The ulnar nerve soon 
perforates the septum intermusculare brachii me
dialis and passes medially to the extensor side 
(Fig. 25.14b, c). In contrast, the brachial artery 
and the median nerve approach the elbow. There, 
the median nerve lies on the ulnar side of the artery 
(Fig. 25.8). Both pass underneath the aponeurosis 
of the biceps muscle within connective and fatty 
tissue. The brachial artery then branches off into 
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its two end arteries: the radial and ulnar artery 
(usually somewhat distal to the joint cavity). The 
radial artery crosses the tendon of the biceps mus
cle and the pronator teres muscle and may be easi
ly approached throughout its entire length. The 
ulnar artery, together with the median nerve, dis
appears under the flexor antebrachii superficiales 
muscles and passes later to the ulnar flexor side 
of the wrist, accompanied by the ulnar nerve. 

b) Operative Approach. For all fistulas a trans
verse, perhaps also S-shaped incision about 4 cm 
long is made just below the elbow (Fig. 25.8). The 
length and the position of the incision may be 
changed according to the individual vascular situa
tion and the suggested type of anastomosis. How
ever, the remaining scar should neither shorten the 
segment for cannulation, nor impair the mobility 
of the arm at the elbow. 

c) Surgical Technique. The following points must 
be considered when constructing a fistula in the 
elbow: 

1. The fistula should be constructed as a "proxi
mal" forearm fistula, distal to the joint cavity 
whenever possible in order to avoid compression 
and kinking of the fistula when the joint is flexed. 
This also has the advantage of a longer segment 
of shunt vein for cannulation. 

2. Whenever possible, the proximal radial artery 
should be utilized for anastomosis because that 
way only the radial artery is endangered in the 
event of complications or reintervention. How
ever, the ulnar artery will still guarantee blood 
flow to the forearm. 

3. In the region of the elbow, only side-to-side 
or end-to-side anastomoses of the vein to the ar
tery are recommended because end-to-end anasto
moses may endanger the blood flow to the hand. 

4. In most arteriovenous fistulas in the region 
of the wri.st, it is only flow in the proximal direc
tion that is intended and of significance for cannu
lation. However, fistulas in the elbow may develop 
a flow in proximal or distal directions, indepen
dent of the type of anastomosis. 

IX) Side-to-Side Anastomosis. In the elbow region, 
for purely topographic reasons, the chosen subcu
taneous vein is dissected first. The next step is to 
divide the fascia and, if necessary, part of the apo
neurosis of the biceps muscle as well. The radial 
artery is then exposed over the long tendon of 
the biceps muscle, between the ulnar flexors and 
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Fig. 25.9a, b. Anastomosis of the vessels in the elbow. 
a Following division of the fascia and the aponeurosis 
of the biceps muscle, the radial artery is brought up 
and cross-clamped just distal to its origin at the brachial 
artery. The artery and vein must lie next to each other 
without tension. Following corresponding longitudinal 
incisions, the vessels are approximated by means of two 
comer sutures and by continuous suture of the posterior 
and the anterior wall. b Completed side-to-side anasto
mosis distal to the elbow fold (proximal forearm fistula) 

the brachioradial muscle, and a tape is placed 
around it. It may also be necessary to expose the 
brachial artery and the ulnar artery and to place 
tapes around them in order to achieve a better 
view. Because the distance between the two vessels 
is greater in the region of the elbow, one must 
be especially careful not to create tension at the 
anastomosis. The anastomotic technique is the 
same as for the side-to-side anastomosis in the case 
of the Brescia-Cimino fistula (Fig. 25.9a, b; see 
also pp. 648-649). An example of a side-to-side 
anastomosis of the cephalic vein to the brachial 
artery is shown in Fig. 25.11. Other side-to-side 
fistulas not shown may be performed between any 
suitable adjacent vein and either the brachial or 
the radial artery. 

f3) End-to-Side Anastomosis. An end-to-side anas
tomosis to the radial artery or brachial artery may 
be required when vessel branching is suitable or 
when the vessels are occluded peripherally, as 
shown in Figs. 25.10a, band 25.12. 

The anatomic variety of veins in the elbow 
offers 'numerous possibilities for the construction 
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Fig. 25.10. a Schematic drawing of the veins showing 
a strongly developed median cubital vein. b Completed 
end-to-side anastomosis of the median cubital vein to 
the radial artery 

-------~-~ 
Fig. 25.11. Side-to-side fistula of the brachial artery to 
the cephalic vein 

Fig. 25.12. End-to-side fistula of the median vein of the 
forearm to the brachial artery 
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Fig. 25.13a-d. Basilic vein repositioning in the forearm. 
a Operative approach and schematic drawing of the sub
cutaneous veins. b Dissected basilic vein showing its 
length. c The basilic vein is pulled through a preformed 
subcutaneous tunnel to the radial artery. d End-to-side 
anastomosis of the basilic vein to the radial artery 

of fistulas. The basic principles of shunt surgery, 
i.e., to construct as long an angioaccess as possible 
without destroying many vessels, is of special im
portance in this area. 

6. Basilic Vein Repositioning in the Upper Arm 

Special anatomy see pp. 652-653. 

a) Positioning. For basilic vein repositioning, the 
patient is placed in a supine position with the arm 
abducted 90°, extended, and supinated. 

b) Operative Approach. The approach is either 
through a skin incision, about 12- 15 cm long, 
somewhat curved distally and extending from the 
axillary fossa to the elbow, or through two or three 
separate incisions over the vein. 

c) Surgical Technique. The basilic vein is exposed 
and dissected from the basilic hiatus down to the 
elbow, preserving the medial cutaneous nerve of 
the forearm and its branches. Sufficient mobiliza
tion must be ensured distally to achieve a sufficient 
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length of vein for subsequent lateroconvex reposi
tioning. 

The brachial fascia is divided longitudinally 
from the hiatus to the axillary fossa, to achieve 
further exposure of the vessels. The basilic vein 
joins a deep concomitant vein, usually a few centi
meters proximal to the point where it perforates 
the fascia. Proximal to this site, the brachial vein 
is displaced (see Fig. 2S.14a--c). 

One must be careful of the three large nerves 
of the arm, which course here in very close proxim
ity to one another. 

Furthermore, one has to consider that the wall 
of the basilic vein becomes thinner proximally and 
may be injured more easily. Secure ligation of all 
tributaries plays an especially important role in 
this procedure, as insecure ligatures may cause sig
nificant bleeding. 

Short broad stumps of the vein may be better 
closed using a continuous suture. Following dissec
tion of the vein, the fascia is closed again under
neath, providing a sufficiently large gap. A subcu
taneous tunnel is created by means of a forceps, 
and the vein is passed through in a lateroconvex 
arch. As a result of this procedure, it will be possi
ble later to avoid the scar tissue when cannulating 
the vein. Finally, the vein is anastomosed end-to
side to the brachial artery. 

Considering the possibilities offered by synthet
ic grafts, the technique of repositioning the bra
chial vein in order to create a shunt should be 
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Fig. 25.14a-c. Basilic vein repositioning in the upper 
arm. a Operative field following incision of the skin and 
subcutaneous tissue, approach through a skin incision 
12-15 cm long and curved distally from the axillary fossa 
down to the elbow crease. The basilic vein is dissected 
up to the basilic hiatus, and a tape is placed around 
it. The brachial fascia is divided to bring up the vein, 
marked by the broken lines. b Suture of the brachial 
fascia following complete mobilization and distal divi
sion of the basilic vein. c The basilic vein, repositioned 
closer to the surface of the skin, is anastomosed to the 
brachial artery 

viewed with reserve; for, if the repositioned bra
chial vein ever becomes occluded, no further 
shunts can be constructed in that entire arm. 

7. Repositioning of the Greater Saphenous 
Vein in the Thigh 

For details of anatomy and positioning see below. 

a) Operative Approach. Local repositioning of the 
great saphenous vein in the thigh is done by bring
ing the vessel up and keeping it straight for anasto
mosis with the first segment of the popliteal artery. 
It is also possible, using three curved counterin
cisions on the lateral thigh, to place the vein direct
ly under the skin for anastomosis to the superficial 
femoral artery (Fig. 25.20c). 

One must be careful not to twist or kink the 
vein. Furthermore, the vessel must be placed just 
beneath the skin. For the operative mobilization 
technique and the possible anastomotic procedures 
see pp. 650, 658. 
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8. Saphenous Vein Transplantation 
to the Forearm 

For details of the technique of vein harvesting see 
p.397. 

Saphenous vein transplantation to the forearm 
is similar to the use of synthetic grafts for arterio
venous fistulas in this region (see pp. 659, 661). 
Care must be taken to place the vein segment so 
that the blood flow is anterograde, i.e., not counter 
to the action of the valves. Furthermore, kinking 
and twisting must be avoided. 

One should be cautious about utilizing the sa
phenous vein as a shunt because of its importance 
as a potential source of autogenous graft material 
for coronary surgery and bypass surgery of the 
peripheral arteries. Furthermore, it should be 
borne in mind that using the saphenous vein for 
graft material also means that it will no longer 
be available as a venous connection for the con
struction of arteriovenous fistulas in the thigh. 

9. Superficialization of the Superficial 
Femoral Artery 

a) Anatomy. The ventral thigh has firm skin as 
compared with other extremity regions. It also has 
the strongest muscles, as well as large caliber pe-
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Fig. 25.15a-d. Antepositioning of the superficial femoral 
artery. a Operative field following division of the skin 
and subcutaneous tissue. Approach through a slightly 
curved longitudinal incision on the anteromedial side 
of the thigh. Splitting of the fascia lata and division 
of the sartorius muscle as marked in the figure. b Split
ting of the fascia, medial and lateral to the sartorius 
muscle, the sartorius muscle divided transversely and 
drawn up. Dissection of the superficial femoral artery 
from the groin down to the hiatus tendineus, with open
ing of the sub sartorial canal. c Reconstruction of the 
sub sartorial canal by suturing the lamina vastoadducto
ria, leaving a gap in the fascia for the artery. d The 
sartorius muscle is drawn back to its original position 
and reanastomosed. The fascia lata is closed underneath 
the repositioned superficial femoral artery 

ripheral nerves and veins. The sensory innervation 
of the skin is mainly provided by the anterior cuta
neous rami of the femoral nerves (by the femoral 
branch of the genitofemoral nerve in the region 
of the saphenous hiatus). Further medially the in
nervation is provided through cutaneous branches 
of the obturator nerve (Fig. 25.15 a), while the lat-
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eral side is innervated by the lateral cutaneous 
nerve of the thigh. 

Coming from the lower leg, the major vein of 
the limb, the great saphenous vein reaches this re
gion behind the medial condyle of the femur and 
passes on the ventral and medial side of the thigh 
to the saphenous hiatus, receiving several 
branches. There, other major veins of the groin 
and the abdominal wall often join the greater sa
phenous vein (superficial epigastric vein, superfi
cial circumflex iliac vein, external pudendal veins) 
to form the venous junction. The great saphenous 
vein joins the femoral vein after perforating the 
lamina cribrosa fasciae latae (see p. 701). 

While the femoral artery and vein pass through 
the lacuna vasorum, located medial to the trigo
num femorale, the femoral nerve, together with 
the iliopsoas muscle, descends lateral to the 
iliopectineal arch. The cutaneous branches to the 
anterior femoral region arise a few centimeters be
low the inguinal ligament. Then it branches into 
several muscle rami (to the quadriceps femoris, 
the sartorius, and the pectineus muscles). Its final 
branch, the saphenous nerve, accompanies the 
great vessels (Fig. 25.15b). 

The femoral artery follows a straight course 
over the entire length of the thigh. The proximal 
one third of the artery lies superficially, directly 
underneath the strong fascia lata (here it is also 
called the common femoral artery). Approximate
ly 3-5 em distal to the inguinal ligament, the pro
funda femoris artery, which is of almost the same 
size, branches off. Usually, the medial circumflex 
artery and the lateral circumflex artery originate 
from the profunda femoris artery (see p. 22). At 
the junction of the proximal and middle third of 
the thigh, the femoral artery then disappears under 
the sartorius muscle in its own fascia. It then 
passes medial to the strong quadriceps femoris 
muscle into the subsartorial canal after giving off 
several branches to the muscles (Fig. 25.15b). The 
sub sartorial canal is bounded by the vastus media
lis muscle, the adductor longus muscle, and the 
lamina vastoadductoria connecting these two mus
cles. The vessels pass in this canal from the ventral 
side of the thigh down to the popliteal fossa. There 
the descending genicular artery, the last branch 
ofthe femoral artery, has its origin. The saphenous 
branch of the genicular artery perforates the la
mina vastoadductoria and accompanies the sa
phenous nerve. 

In the groin, the femoral vein is located farthest 
medially. The farther peripherally, the more nearly 
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it lies behind the artery; beyond the hiatus tendi
neus it becomes the popliteal vein and courses lat
eral to the artery. 

b) Positioning. The patient is placed in a supine 
position with the limb extended, abducted, and 
rotated externally. 

c) Operative Approach. A slightly curved longitu
dinal incision is made along the entire length of 
the thigh, originating about 5 cm below the middle 
of the inguinal ligament and extending downward 
to the medial condyle of the femur (Fig. 25.15a). 

d) Surgical Technique. Since the superficial femo
ral artery, over its entire length, is to be reposit
ioned in front of the fascia lata, it must first be 
dissected off the neurovascular bundle and freed 
of all tissue surrounding the sartorius muscle. 
Then, the fascia lata is split from the saphenous 
hiatus down nearly to the other end of the skin 
incision, medial to the sartorius muscle, and the 
sartorius muscle is divided above its insertion (pes 
anserinus). This division should not be performed 
too far distally, but should be distal to the subsar
torial canal. The muscle is now dissected, mobi
lized up to the groin, and drawn upward (Fig. 
25.15b). 

Next, the superficial femoral artery is dissected 
off the vascular sheath, and its branches are ligated 
and divided. It is also necessary to open the subsar
torial canal by splitting the lamina vastoadducto
ria down to the hiatus tendineus. 

Finally, the anatomic situation is restored inso
far as possible. First, the lamina vastoadductoria 
is sutured again. Then, the sartorius muscle is 
passed underneath the femoral artery and reat
tached to its insertion. One must be careful to 
achieve a large enough gap in the fascia to allow 
passage of the femoral artery (Fig. 25.15c, d). 

The artery is placed in the subcutaneous tissue, 
lateral to the resulting scar, so that subsequent can
nulation will be easy and safe. It is carefully fixed 
in this position by several subcutaneous sutures. 

This procedure is not without importance to
day, but is used only in rare cases, after all other 
arteriovenous fisttdas have been tried, or in the 
event of problems With the synthetic graft material. 
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II. Subcutaneous Arteriovenous Fistulas 
Utilizing a Prosthetic Graft 

In numerous instances, there are no autogenous 
vessels available for use in constructing a fistula, 
either because they simply do not exist or because 
the superficial vein system of the arm has been 
injured by multiple cannulations or intravenous 
infusions. Furthermore, the superficial veins are 
often so damaged by previous operations that 
they, too, are useless for creation of a fistula. In 
such cases, synthetic grafts can be used to con
struct a shunt for maintenance dialysis. The re
quirements for an ideal vascular graft serving as 
a shunt are: 

- Ease of cannulation 
- Easy to obtain and always available 
- Easy technical utilization 
- Immunologically inert 
- A wall structure as nearly natural as possible 
- Resistant to infections 
- Low cost 

According to our present knowledge, the following 
materials may be considered for use as vascular 
grafts for maintenance hemodialysis: 

a) Autogenous material: great saphenous vein 
b) Homologous material: denatured umbilical 

vein, denatured great saphenous vein 
c) Heterologous material: denatured calf or bo

vine carotid artery 
d) Alloplastic material: polytetrafluoroethylene 

(PTFE) prosthesis 

All grafts show certain advantages and disadvan
tages. The reader is referred to the appropriate 
chapters ofthisbook (see p. 175ff.). 

Today, the heated microporous poly tetra
fluoroethylene (PTFE) prostheses and the dena
tured homologous umbilical vein have the greatest 
significance in shunt surgery. Heterologous mate
rial, such as calf or bovine carotid arteries, are 
less often used because of the risk of aneurysm 
formation [9, 11, 14, 18]. 

An implanted prosthetic graft may be straight, 
U-shaped, or loop-shaped. When choosing the ap
propriate procedure, it is useful to consider the 
anatomic possibilities and always to select the pro
cedure which least impairs the blood flow of the 
extremity and would interfere least with further 
shunt operations that might be needed. 

1. Interposition Prosthetic Graft Fistulae 
in the Forearm 
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Sometimes, it can only be decided intraoperatively 
on the basis of the anatomic situation - especially 
the matter of venous outflow - which vessels can 
be connected to the graft; often, the patients have 
been previously operated on. Whenever superficial 
veins cannot be palpated or inspected, phlebogra
phy is useful for demonstrating deep venous flow 
in veins which could be utilized for the shunt. 

The anastomosis of a graft to the radial artery 
and the median vein of the forearm is described 
here as being representative of the numerous possi
bilities for creating dialysis fistulas using synthetic 
grafts. It may be performed in a loop or in a 
straight line (Figs. 25.16a-d, 25.17, 25.18, and 
25.19). 

a) Detailed Anatomy and Positioning (see pp. 647, 
649). 

b) Operative Approach. For this procedure, too, 
a transverse incision is made just below the elbow 
to expose the vessels. The incision may be modified 
to become somewhat S-shaped. Furthermore, two 
other counterincisions are made in the forearm to 
facilitate the implantation of the graft in a curve 
(Fig. 25.16). With a straight graft interposition, an 
incision is made over the appropriate vessel in the 
forearm. Dissection of the vessels to be connected 
in the elbow and in the region of the peripheral 
radial artery is performed as described on pp. 647, 
653-654. 

c) Surgical Technique 

IX) Curved Course of the Graft (Fig. 25.16a-d). 
When the graft is implanted in a curve, one should 
take care that it lies without tension in a subcuta
neous tunnel created by a forceps or a tunneling 
instrument and that the graft does not show any 
direct contact with the skin incisions (risk of infec
tion). The suture technique for the anastomosis 
is not significantly different from the techniques 
described earlier. However, one must use only non
absorbable suture material, e.g., 6-0, when work
ing with prosthetic material. 

f3) Straight Graft. This type of fistula should be 
considered when a radial artery is significantly di
lated by preexisting fistulas. Thus, there will be 
no great difference in caliber between the usual 
6 mm graft and the artery. For the implantation 
technique, see Figs. 25.17 and 25.18. The ulnar ar-
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Fig. 25.17. Implantation of a vascular graft in a straight 
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Fig. 25.16a-d. Implanting a curved vascular graft in the 
forearm from the radial artery to the median vein. 
a Transverse incision of the skin below the elbow fold 
with two counterincisions in the region of the medial 
(to distal) forearm to create a tunnel for the graft. 
b Exposure of the fully dissected vein and artery in the 
region of the elbow. The site of incision is marked on 
the vessel. c Anastomosis of the graft to the radial artery 
and subcutaneous pull-through in a curve in the pre
formed tunnel. d Situation in the elbow after completion 
of the arterial and venous anastomosis 
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Fig. 25.19. Graft implantation in the upper arm from 
the distal and brachial artery to the cephalic vein, and 
end-to-side anastomosis of the graft to the brachial ar
tery, which is curved to achieve good flow 

<J Fig. 25.18. In cases where the superficial veins are insuffi
cient, the brachial vein, which is usually well developed, 
may be used for the anastomosis 
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tery must be functioning well if one is utilizing 
the radial artery (Allen test). In the event of a 
difference in caliber, interrupted suturing of the 
anastomosis is beneficial. 

2. Interposition Graft Fistulas in the Upper Arm 

For details of anatomy and positioning see 
pp. 652, 653. 

a) Operative Approach. The approach is through 
two incisions about 3-4 em long over both vessels, 
placed in the region of the suggested anastomosis 
(Fig. 25.19). It may be necessary to make an addi
tional incision in the lateral portion of the middle 
upper arm in order to pull the graft through the 
tunnel and to achieve an advantageous curvilinear 
course for it in the subcutaneous tissue. 

b) Surgical Technique. Following division of the 
fascia, first the brachial artery is exposed over a 
short distance of about 2-3 cm. Then, the cephalic 
vein is exposed as well, but preferably not too far 
proximally (shoulder joint). It is advisable to im
plant the graft in the upper arm so that it is C
shaped to achieve favorable flow conditions 
(Fig. 25.19). 

3. Further Possible Arteriovenous Fistulas 
Utilizing Prosthetic Grafts 

Besides the standard procedures described, there 
are other possibilities for constructing arteriove
nous fistulas utilizing synthetic grafts. Included 
here in particular is the bridging of autogenous 
veins and arteries with prosthetic grafts for the 
ultimate purpose of using the autogenous vein for 
cannulation. Furthermore, there is the possibility 
of interposing synthetic grafts in old shunt veins 
so that these valuable vessels are still available for 
cannulation proximal and distal to the synthetic 
graft. If required, prosthetic grafts may also be 
used for crossing the elbow joint. In such regions, 
which carry the risk of kinking, reinforced pros
theses (ring or spiral type) are suitable. However, 
the segment to be cannulated should not be rein
forced. 

4. Interposition Graft Fistula in the Thigh 

Here, a graft is interposed from the superficial ar
tery to - whenever possible - the great saphenous 
vein. 9nly in special cases should the femoral vein 
be used. The graft may be curved or straight. 
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a) Detailed Anatomy (see pp. 656-658) 

b) Positioning. The patient is placed in a supine 
position with the arm extended and abducted. For 
an anastomosis within the subsartorial canal, addi
tional slight external rotation is recommended. 

c) Operative Approach. A skin incision about 6-
8 em long is made to expose the two vessels that 
are to be connected by a curved graft. The incision 
starts below the inguinal region at the level of the 
saphenous hiatus and extends downward, parallel 
to the neurovascular bundle (Fig. 25.20a). 

Three other incisions are necessary to place the 
graft as shown in Fig. 25.20b, c. 

When placing the graft in a straight position 
in the thigh, a small incision is made over the great 
saphenous vein at the site where it joins the femo
ral vein. Another incision is made medially and 
above the knee joint at the end of the subsartorial 
canal to allow dissection of the superficial femoral 
artery (Fig. 25.21). 

d) Surgical Technique 

IX) Curved Graft. First the great saphenous vein 
is exposed in the proximal thigh and a tape is 
placed around it. Following division of the fascia 
and starting from the saphenous hiatus, the super
ficial femoral artery is exposed a short distance 
beyond where it branches off from the common 
femoral artery. It is advisable to suture the beveled 
end of the graft end-to-side to the superficial femo
ral artery. One should fill the clamped vascular 
ends with heparinized saline solution. The graft 
is then passed through a preformed loop-shaped 
tunnel in the subcutaneous tissue so that its free 
end can be anastomosed end-to-side with the sa
phenous vein where the latter joins the femoral 
vein (Fig. 25.20a-c). Care must be taken not to 
kink the graft. Furthermore, the graft should not 
be in direct contact with the incisions. The saphe
nous vein should not be ligated distal to the anas
tomosis. 

P) Straight Graft. In this procedure, the graft is 
sutured to the superficial femoral artery in the re
gion of the subsartorial canal. It is passed subcuta
neously to the saphenous vein, to which its beveled 
end is then anastomosed end-to-side (Fig. 25.21). 
The anastomotic technique is similar to the proce
dures described earlier. 
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Fig. 25.20a-c. Curved placement of a vascular graft 
from the proximal superficial femoral artery to the great 
saphenous vein. a End-to-side anastomosis of the graft 
to the superficial femoral artery. b The graft is pulled 
through a preformed subcutaneous tunnel, first distally 
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Fig. 25.21. Straight graft from the distal superficial femo
ral artery to the great saphenous vein 
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and then laterally. Finally, it is pulled proximally in the 
direction of the junction of the great saphenous vein 
with the femoral vein. c Completed arteriovenous fistula 
between the femoral artery and the saphenous vein uti
lizing a graft 

" 

b 
Fig. 25.22a, b. Thrombotic occlusion of the venous limb 
of a shunt at the site of the puncture. a Transverse inci
sion of the vein. b Removal of the thrombus by,means 
of a Fogarty catheter 



25 Vascular Access for Hemodialysis 

a 

Fig. 25.23a, b. Stenosis due to a scar at the site of punc
ture of the shunt vein. a Incision of the stenosis. b Sutur
ing the patch graft (venous patch) to reconstruct the 
vessel 

ID. Complications of Subcutaneous 
Arteriovenous Fistulas and Their Treatment 
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When treating complications of subcutaneous ar
teriovenous fistulas, one's first concern should be 
to preserve or to restore the function of the old 
shunt so that the patient can be put back on rou
tine maintenance dialysis as soon as possible. 

Fig. 25.24. Occlusion of an old PTFE prosthesis by inti
mal hyperplasia and consequent thrombosis of the anas
tomosis. First, the thrombus is removed using a Fogarty 
catheter 

Fig. 25.25. If a sufficient lumen cannot be achieved in 
the anastomosis following thrombectomy, a patch graft 
is required. Fixation of the tailored patch by interrupted 
sutures. Continuous suture of the patch graft to the ves
sel wall. Completed patch graft angioplasties at the arte
rial and venous anastomoses of the graft 

Fig. 25.26. If the occluded anastomosis cannot be recon
structed (as is often the case with the venous anastomo
sis), the venous limb of the graft can be extended proxi
mally to reconstruct the old prosthetic shunt 
\7 
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1. Stenoses and Occlusions 

With fistulas constructed of autogenous material, 
stenoses and occlusions are observed in the region 
of the anastomosis and at the cannulation sites 
[13]. When a stenosis or occlusion occurs, it is 
advisable to reconnect to the - usually dilated -
arteries and veins at a new site above the old anas
tomosis, thereby avoiding an operation in scar tis
sue. At the same time, this removes the cause of 
the stenosis or occlusion. If a new anastomosis 
above the complication is not possible, thrombec
tomy may be tried (Fig. 25.22a, b). When there 
are constricting stenoses due to scars in the region 
of the cannulation sites, restoration of improved 
flow may be achieved by patch graft angioplasty 
(Fig. 25.23a, b). 

Especially where prosthetic implants are used 
for fistula construction, hyperplasia of the intima 
and, consequently, stenoses at the site of the anas
tomosis are observed. In such cases the prosthetic 
graft was implanted after multiple failures with 
autogenous material; the restoration of function 
is therefore especially urgent. Thromboendarterec
tomy of the stenosed or occluded anastomosis and 
widening it by means of patch graft angioplasty 
may restore flow. In many cases, however, exten
sive patch graft angioplasty following endarterec
tomy is required [3]. As a safety precaution to 
prevent tearing of the vessels during thromboend
arterectomy, stay sutures are placed at the corners 
of the incisions in the graft, the shunt artery, and 
the vein (see Fig. 25.24). Furthermore, it is benefi
cial to widen the arterial or venous anastomoses 
using a patch graft (see Fig. 25.25). If the restora
tion of the venous anastomosis fails, extension of 
the shunt and anastomosis to the vein further 
proximally is often possible (Fig. 25.26). 

2. Aneurysms 

Aneurysms are another relatively frequent compli
cation of all arteriovenous fistulas. They develop 
in the anastomosis as well as at the site of cannula
tion [13]. 

When anastomotic aneurysms develop, they 
should be removed because they can be expected 
to grow, and they are often symptomatic. With 
this complication it is also advisable to resect the 
aneurysm and to create a new arteriovenous fistula 
proximally, utilizing the same vessels in order to 
preserve the old cannulation sites. 
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Fig. 25.27. Large aneurysms of a vascular graft may 
be restored by graft interposition 

Aneurysms of subcutaneous arteriovenous 
fistulas involving autogenous veins, where the le
sion is a result of multiple cannulations, constitute 
a special case. It is recommended that one wait, 
especially if there are other possible cannulation 
sites. However, it this is not the case, the aneurysm 
can be resected and the fistula preserved by inter
posing a vascular graft. 

Aneurysms are observed especially often in 
fistulas utilizing synthetic grafts. In this case also, 
it is beneficial to resect the aneurysm and to inter
pose a new graft in order to preserve the old shunt 
(Fig. 25.27). 
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3. Infections 

Infections of fistulas are often life threatening and 
should be treated immediately as the short circuit 
between the artery and the vein may bring the 
bacteria directly into the vascular bed of the lungs, 
causing sepsis. 

a) Early Infections. When infections occur postop
eratively in a subcutaneous arteriovenous fistula 
utilizing autogenous vessels (e.g., infected hemato
ma), one may in exceptional cases try to preserve 
the fistula if there are no symptoms of sepsis. 
When there are early postoperative infections fol
lowing implantation of a prosthetic graft, the graft 
should be removed immediately and the old vascu
lar bed restored [1, 2, 5]. 

b) Late Infections. Whether the fistula in question 
was constructed using autogenous vessels or pros
thetic material, late infections are for the most part 
infections of suture canals. For fistulas that utilize 
autogenous vessels, it is recommended that one 
ligate the infected area and perform another anas
tomosis above the infection. However, it is also 
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possible to resect the infected area and to perform 
an end-to-end anastomosis of the shunt vein. Af
terwards, thorough drainage of the operative field 
is necessary. 

It also makes sense to try to preserve infected 
fistulas constructed of synthetic material, especial
ly if other methods of shunt creation present diffi
culties. However, an essential prerequisite is that 
only an isolated area is infected. The infected seg
ment of the graft is then resected and the remain
ing graft ligated. When the operative field has 
healed, it is possible, after thrombectomy of the 
old prosthesis, to interpose a new prosthetic seg
ment - or, if necessary, to bypass the area of infec
tion. However, this procedure is recommended 
only when the conditions for a new shunt are ex
tremely unfavorable (Fig. 25.28a, b). 

4. Rare Complications 

Rare complications are the so-called steal phenom
enon, following construction of an arteriovenous 
fistula in the forearm [6] and cardiac overload with 
enlargement of the heart due to an excessively 
large shunt volume. In both complications, it is 
possible to narrow the fistula by means of incom
plete ligation in order to reduce the shunt volume. 
In the case of a steal phenomenon with ischemic 
symptoms of the hand, it is also possible to inter
rupt the steal mechanism of peripheral fistulas by 
ligating the appropriate artery (usually the radial 
artery). Before this is attempted, though, it must be 
demonstrated that the other artery is functional. 

Fig. 25.28a, b. Old vascular graft with l,?cal infection 
(due to cannulation). a Excision of the mf~cted gr.aft 
segment. b Interposition of a new ~raft followm~ heahng 
of the infection, or bypassing the mfected area, If neces
sary 

b ~ ____ -= ________ ~ 
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In advanced stages of cancer the operative proce
dure may remove the primary lesion, but may not 
significantly influence the further course of the dis
ease. In such cases, additional chemotherapy is be
coming increasingly important. Systemic therapy, 
however, has two restrictions: an unfavorable rela
tion between the dose and the side effects and lim
ited effectiveness against solid tumor masses. 
However, the therapeutic synergism of surgery for 
removal, or at least reduction of the tumor and 
systemic chemotherapy for certain types of tu
mors, e.g., osteosarcoma, has improved the thera
peutic results. 

Intra-arterial administration of cytostatic drugs 
for inoperable primary tumors or for localized me
tastases seems to be a rational procedure since the 
effectiveness of cytotoxic drugs also depends on 
their concentration at the site of reaction. In 1950, 
KLOPP reported for the first time on favorable re
sults following infusion of nitrogen mustard into 
the artery supplying the tumor. With this method 
significantly higher local concentrations are 
achieved than with systemic treatment. Therefore, 
a greater toxic effect on the tumor (growth inhibi
tion, tumor reduction, in some cases local tumor 
destruction) can be achieved without aggravation 
of the side effects. 

B. Intra-arterial Infusion 

I. Infusion Utilizing an Angiography Catheter 

As a rule, the vascular supply of each body region 
can be reached by a catheter used for selective 
angiography. Once the catheter has been posi
tioned under X-ray supervision, arterial infusion 
of the diseased organ with cytostatic drugs can 
begin. If the catheter is to be left in situ for several 
days, prophylactic measures are required in order 
to avoid thrombosis (heparin prophylaxis) and dis
location of the catheter tip (bed rest). 

1. Approach from the Femoral Artery 

Puncture of the femoral artery is performed with 
the patient in a supine position, under local anes
thesia. The palpable artery is punctured below the 
inguinal ligament, the arteriography catheter is in
serted using the Se1dinger technique, and the tip 
of the catheter is placed as superselectively as pos
sible into the artery supplying the tumor. It is ad
visable to push the catheter 2-3 em forward into 
the appropriate artery in order to avoid later dislo
cation. If the major artery is short, one may be 
obliged to place the catheter in a segmental artery 
to avoid dislocation. The catheter should be fixed 
to the skin with a suture to prevent it slipping 
off. 

Prophylaxis against thrombosis is urgently re
quired (low dose prophylaxis with 50001.V. he
parin Li.d.). Furthermore, following each infusion 
of cytostatic drugs the catheter in the femoral ar
tery is flushed with heparinized solution (1 ml he
parin dissolved in 9 ml physiologic saline solution) 
before being closed. During a series of treatments, 
which may last 2-6 days, depending on the type 
of tumor, the patient must stay in bed to prevent 
dislocation of the catheter. 

Local infection with the risk of septic thrombo
sis and bacteremia represents a severe complica
tion, requiring removal of the catheter. However, 



668 

because such difficulties are very rare, prophylaxis 
using antibiotics is, in our opinion, unnecessary. 
Of course, it is recommended in cases where, due 
to technical difficulties, the introduction of the 
catheter takes a long time, thereby increasing the 
risk of infection. 

a) Hepatic Artery Infusion. The main indication 
for the infusion of cytostatic drugs into liver arter
ies are liver metastases of colorectal carcinoma, 
embryonic tumors, sarcomas, and also primary 
liver-cell carcinomas in cases where resection is im
possible or must be supplemented by cytostatic 
treatment. Anatomic variants of the vascular sup
ply occasionally impair selective regional chemo
therapy. A relatively common anomaly is the gas
troduodenal artery arising from the right hepatic 
artery (in 10%-15%). In such cases, only one lobe 
of the liver may be perfused by placing the tip 
of the catheter far into the left or right liver artery. 

If the catheter were placed in the proper hepatic 
artery in such a situation, the gastroduodenal ar
tery would also be perfused, resulting in general 
(nausea, vomiting) and local side effects (duodenal 
ulcers). 

When angiography shows that the right liver 
lobe is supplied by the superior mesenteric artery, 
only one half of the liver can be perfused. In this 
case, either a second catheter must be inserted via 
the contralateral femoral artery or the treatment 
of the other liver lobe is postponed until a second 
session. 

b) Stomach. The indication for intra-arterial infu
sion of the stomach is very rare and limited exclu
sively to cases of inoperable stomach cancer where 
it can be used in an attempt to inhibit tumor 
growth. In rare cases, reduction of the tumor can 
be achieved by regional chemotherapy, allowing 
later resection [15]. Because the gastric arteries are 
not end arteries suitable for isolated perfusion, the 
dose of the drug must be lower than for the liver. 
The tip of the catheter is placed selectively into 
the celiac axis [13], superselectively into the left 
gastric artery or into the gastroduodenal artery. 

c) Extremities. Intra-arterial infusion is indicated 
mainly for melanomas and soft tissue sarcomas, 
either as adjuvant chemotherapy following pro
phylactic resection against recurrence or as pallia
tive treatment for relief of severe symptoms caused 
by tumor invasion of vessels and nerves. 

K. SCHWEMMLE and K. AIGNER 

Technical approach: in the leg, puncture is al
ways performed in the contralateral groin. The 
catheter is pushed beyond the aortic bifurcation 
into the diseased extremity. For treatment of upper 
extremity neoplasia, the catheter is introduced se
lectively into the axillary or brachial artery via 
the femoral artery or, even better, it is pushed into 
the artery predominantly supplying the tumor. 

d) Internal Iliac Artery. For tumors in the small 
pelvis, especially invasive gynecologic tumors [9, 
11], or for tumors originating from the rectosig
moid colon, a catheter is again inserted in the con
tralateral femoral artery and pushed beyond the 
aortic bifurcation into the internal iliac artery. The 
most important indication for this procedure is 
pain that is resistant to other therapies [5, 9]. 

e) Other Tumors. In cases of breast cancer, the 
indication for regional chemotherapy is given in 
advanced stage III with invasion of the thoracic 
wall and/or the skin. The catheter is either pushed 
through the brachial and the internal thoracic ar
tery or through the superior epigastric artery [14, 
15]. 

In the ENT region, access to tumors may be 
achieved by means of a catheter inserted directly 

. into the external carotid artery or transfemorally. 
In many cases, however, it is advisable to expose 
the vessel surgically and cannulate it under vision 
[8]. 

2. Approach Through the Brachial Artery 

The brachial artery can also be used for virtually 
all of the indications mentioned earlier, in particu
lar for infusion of the liver artery [10]. The punc
ture is made on the inner side of the upper arm. 
While the approach to the selected organ artery 
may be shorter, it also has more curves, so that 
it may be difficult to push the catheter forward 
and to place it correctly. Moreover, with this ap
proach complications occur more frequently - oc
casionally even cerebral embolism. In our own 
practice, we use the brachial artery only if we fail 
to position the catheter via the femoral route. 
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II. Operative Implantation of a Catheter 

This is indicated when the intra-arterial infusion 
is expected to be repeated several times or to be 
performed over a longer period. The advantages 
of surgical placement under vision are the dimin
ished risk of catheter dislocation and the possibili
ty of mobilizing the patient very quickly. In cases 
of repeated therapeutic cycles, the treatment can 
sometimes be performed as an outpatient proce
dure. In principle, a catheter may be inserted oper
atively into any major artery. The most common 
sites of application are the liver arteries via the 
gastroduodenal arteries and the major peripheral 
arteries (iliac artery, femoral artery, axillary ar
tery). 

1. Approach Through the Gastroduodenal Artery 

Following a median supraumbilical longitudinal 
laparotomy, extending from the xiphoid to the 
umbilicus, the liver artery is dissected within the 
hepatoduodenal ligament, usually located above 
the bile duct and well palpable. One must ascertain 
by palpation whether there is a separate right he
patic artery supplying the right lobe of the liver; 
in most cases, it originates from the superior mes
enteric artery. The common hepatic artery is dis
sected free in the vicinity of the duodenum and 
the upper border of the head of pancreas; this 
also involves ligation and division of the smaller 
arteries and veins supplying the stomach and the 
duodenum. The gastroduodenal artery, which 
passes downward and to the left in the direction 
of the duodenum, is exposed, then ligated as close 
as possible to the duodenum, and finally closed 
at its takeoff from the hepatic artery by means 
of a crocodile clamp. 

Close to the ligature, approximately 6-10 mm 
away from the liver artery, the gastroduodenal ar
tery is incised transversely, and an Implantofix 
catheter (Braun, Melsungen) is inserted and 
pushed forward so that the tip of the catheter bare
ly projects into the hepatic artery. The catheter 
is fixed in place by means of two ligatures of non
absorbable suture material just behind the fixation 
ring (Fig. 26.1.1). The catheter should not be 
pushed too far into the liver artery, so as not to 
provoke thrombosis. However, it should not be 
placed too far peripherally either, owing to the 
risk of thrombosis in the stump of the gastroduo
denal artery and a resulting loss of catheter func
tion. The Implantofix catheter we use is equipped 
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Fig. 26.1.1. Hepatic artery Implantofix catheter in situ. 
The gastroduodenal artery is ligated at the duodenum. 
The tip of the catheter projects 1- 2 mm into the hepatic 
artery and is fixed with two ligatures of nonabsorbable 
suture material. The reservoir of the catheter is placed 
into a subcutaneous pocket beside the wound and may 
be fixed to the fascia by sutures 

with a valve mechanism at the tip which prevents 
retrograde blood flow into the catheter and there
by acts as a safeguard against thrombosis. Cathe
ters with an open end have to be flushed once 
a week with heparinized saline solution (5000 LV. 
heparin in 9 ml saline solution) for prophylaxis 
against thrombosis. The injection device at the end 
of the catheter (a small reservoir equipped with 
a puncturable membrane) is placed in a subcutane
ous pocket [4] . 

The same technical approach is recommended 
for implantation of an infusion pump (lnfusaid, 
Fresenius, Bad Homburg). The catheter is not in
serted directly into the hepatic artery, but through 
a branch, preferably the gastroduodenal artery. 
The pump itself may be placed in a subcutaneous 
pocket of sufficient size. In cachectic patients it 
may also be placed underneath the aponeurosis 
of the external abdominal muscle or in the rectus 
sheath. 
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2. Approach Through Peripheral Arteries 

Implantation of an arterial catheter in peripheral 
arteries using the same technique may be consid
ered when repeated cycles of local intra-arterial 
therapy are planned. Major indications are metas
tasizing malignant melanomas, soft tissue sarco
mas, and osteosarcomas. 

a) Femoral Artery. The femoral artery is exposed 
by a longitudinal incision perpendicular to the in
guinalligament. Vision may be improved by par
tial incision of the inguinal ligament. Approxi
mately at the level where the femoral artery crosses 
under the inguinal ligament a branch of the artery 
is located, mobilized, and ligated peripherally. The 
tip of the Implantofix catheter is inserted into the 
vascular stump, as described for the gastroduoden
al artery, and fixed by ligatures. The reservoir is 
placed either in the proximal and lateral region 
of the thigh or above the inguinal ligament in the 
subcutaneous tissue of the lateral lower abdomen. 

b) Axillary Artery. The neurovascular bundle 
within the axilla is exposed through an incision 
along the anterior fold of the axilla or via a trans
verse incision below the axilla. The axillary artery 
is identified and sparingly mobilized. The subscap
ular artery is then dissected and ligated approxi
mately 1 cm peripheral to the origin of the axillary 
artery and the Implantofix catheter is inserted 
through a transverse incision so that its tip just 
projects into the axillary artery. The catheter is 
fixed with two ligatures of nonabsorbable suture 
material and passed around the border of the pec
toralis muscle. The injection devi~e is placed in
fraclavicularly in a subcutaneous pocket in the sul
cus deltoideopectoralis. 

3. Regional Perfusion 

The principle of regional or isolated perfusion con
sists of in situ isolation of a body region from 
the circulation by cannulation of afferent and ef
ferent vessels and their connection to an extracor
poreal circulation consisting of oxygenator, heat 
exchanger, and blood pump. Within this system, 
it is possible not only to adjust the temperature 
of the blood, and therefore also of the tissue, but 
also to administer cytostatic drugs. The dose de
pends on the maximal tissue tolerance without sys
temic side effects. A better toxic effect on the tu
mor may be expected as a result of the very high 
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local temperature and the additional hyperther
mia. Perfusion of the extremities was first de
scribed by CREECH and KREMENTZ in 1957 [7] and 
is most often used for the treatment of melanoma. 
Isolated perfusion of the liver is indicated in metas
tases of colorectal tumors, including carcinoid tu
mors, as well as in hepatocellular carcinoma, pro
vided that there are no distant metastases. 

a) Lower Extremity. The limb can be perfused ei
ther by an iliac, femoral, or a popliteal approach. 
We prefer an approach as high as possible in the 
iliac or the upper femoral region not only for pri
mary perfusion, but also for repeated perfusions, 
in order to keep the perfused region as large as 
possible. 

Iliac Perfusion. A pararectal incision is made 
starting approximately two fingerbreadths medial 
and cranial to the superior anterior iliac spine and 
extending over the femoral artery which is palp
able below the inguinal ligament. Following divi
sion of the aponeurosis of the external oblique 
and the internal oblique muscles, of the fascia of 
the transversus abdominis muscle, and after me
dial retraction of the peritoneal sac, the external 
iliac vessels are exposed at the level of the origin 
of the internal iliac artery and vein. The fatty tissue 
containing the parailiac lymph nodes is resected 
for histologic staging, as is the lymphatic chain 
on the lateral wall of the pelvis, extending to the 
obturator foramen. Care must be taken not to in
jure the obturator nerve, which passes through the 
foramen. The obturator vein, passing below and 
somewhat lateral to the nerve, is closed with a 
clip to avoid later leakage between extracorporeal 
and body circulation. For the same reason, arterial 
and venous collateral vessels must be ligated and 
divided above the inguinal ligament. Vision is sig
nificantly improved by dividing the inguinal liga
ment. 

After heparinization the usual surgical tech
nique is as follows: first, the external iliac artery 
is cannulated through a transverse incision. Care 
must be taken to place the tip of the arterial cathe
ter above the origin of the profunda femoris ar
tery; otherwise, the vascular bed supplied by this 
artery will not be perfused. The external iliac vein 
is cannulated through a longitudinal incision. If 
vein valves impede the forward movement of the 
tube, this resistance can be overcome rather easily 
by using rotating movements. Prior to the initia
tion of extracorporeal circulation, the blood ves
sels within the soft tissue must be compressed by 
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Fig. 26.1.2. Iliac cannulation for extremity perfusion. 
The external iliac artery and vein are occluded by croco
dile clamps. The catheters used for cannulation are in
serted through a transverse incision of the artery, or 
preferably through a longitudinal incision of the vein, 
and held in place by a tourniquet. The tip of the arterial 
catheter lies just ahead of the origin of the profunda 
femoris artery; the obturator vein is occluded by a clip. 
A Steinmann pin is driven into the superior anterior 
iliac spine to keep the rubber tourniquet from slipping 
off 

a rubber band tourniquet held securely in place 
by means of a Steinmann pin driven into the iliac 
crest (Fig. 26.1.2). Heat loss is reduced by wrap
ping the extremity in metal foil or by placing it 
on a mattress perfused with warm water. 

After the air is removed from the catheters, they 
are connected to the heart-lung machine and the 
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perfusion begins, first at a blood temperature of 
38° C, which is quickly increased to 41.5°-42° C, 
measured within the perfusion circulation. A tissue 
temperature of 40° C can be expected. This is con
tinuously recorded by four needle probes in the 
thigh and lower leg. The probes are placed as fol
lows: 

1. In the proximal vastus lateralis muscle 
2. In the lower portion of the vastus intermedius 

muscle, close to the knee joint and as close to 
the bone as possible 

3. In the upper portion of the tibialis anterior 
muscle 

4. Subcutaneously in the distal lower leg, as close 
to the tumor as possible if the primary tumor 
or the metastases are located in the lower third 
of the lower leg 

Only when the desired tissue temperature is 
achieved are cytotoxic drugs added. The flow rates 
during limb perfusion are between 300 and 600 mIl 
min. The cytostatic drug most often used to date 
is melphalan (Alkeran). Currently, we are using 
a combination of melphalan and cisplatin (Platin
ex, Cis-Platin Medac) for malignant melanoma. 

Following perfusion for 60 min the fluid is re
moved from the leg by disconnecting the venous 
catheter at the machine; the volume is replaced 
by 1 1 Ringer's solution through the arterial side 
of the heart-lung machine. Afterwards, the arterial 
side of the limb is filled using packed erythrocytes 
and 250 ml plasma protein solution until the veins 
on the wrist seem to be well filled. Only then can 
the vein be decannulated and the vessel closed by 
continuous suture. Following the release of the 
physiologic venous blood flow the rest of the oxy
genator blood may be added. Following decannu
lation, the artery is also closed using a continuous 
suture, and the operative wound is sutured layer 
by layer. In advanced tumor stages, the trigonum 
scarpae is dissected free. Prior to perfusion, dissec
tion in the groin should be avoided at all costs; 
otherwise, an unnecessary blood loss from the op
erative field during perfusion can be expected (he
parinization !). 

Femoral Perfusion. For a second perfusion a 
femoral approach is recommended, as secondary 
iliac perfusion requires a significantly more diffi
cult dissection with the risk of complications such 
as bleeding. The approach below the inguinalliga
ment, however, often allows only selective perfu
sion of the superficial femoral or the profunda 
femoris artery. Therefore, we recommend separate 
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Fig. 26.1.3. Arterial double cannulation for multiple per
fusions. Just proximal to the origin of the profunda fe
moris artery, both catheters are inserted through a trans
verse incision and fixed by tourniquets. The cannulation 
of the vein is performed at the level of the former junc
tion with the great saphenous vein 

cannulation (Fig. 26.1.3) of both arteries of the 
thigh [3]. 

This allows perfusion of the thigh and the lower 
leg. The skin incision originates 1-2 cm above the 
groin and extends distally 7-8 cm, excising the scar 
of the previous incision. The easily palpated femo
ral artery and the initial segment of the profunda 
femoris artery are exposed; the femoral vein, 
which passes medially, is also exposed. Rubber 
bands are placed around the femoral and the pro
funda femoris arteries below the bifurcation. Next, 
the femoral artery is occluded with a vascular 
clamp and incised transversely, approximately 1-
1.5 cm proximal of the origin of the profunda fem
oris artery; through this arteriotomy a catheter 
is inserted into the profunda femoris artery and 
another into the superficial femoral artery. The 
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tourniquet is then pulled tight. A fixation ring be
hind the tips of the catheters prevents the catheters 
from slipping off (Braun, Melsungen). Both cathe
ters are connected to the oxygenator by a Y -adap
tor. Mterward, the venous catheter is also inserted. 
Following heating of the leg to the desired temper
ature, perfusion with cytostatic drugs can begin. 

b) Upper Extremity Perfusion. The patient is 
placed in a supine position with the arm abducted. 
The approach to the axilla is through a curved 
incision, starting at the border of the pectoralis 
muscle and continuing along the anterior fold of 
the axilla to the proximal upper arm. The proce
dure for perfusion of the arm contrasts with that 
used for the lower extremity. The fatty tissue, in
cluding the lymph nodes, is dissected as far as the 
axillary vein; the subscapular artery and vein are 
preserved. The nerves supplying the serratus ante
rior and the latissimus dorsi muscles must be ex
posed and preserved. Following careful separation 
of the fibers of the plexus, the axillary artery and 
the axillary vein are exposed and tapes are placed 
around them. The subscapular artery and vein are 
temporarily occluded by a suture loop. Cannula
tion of both axillary vessels may be performed fol
lowing longitudinal division and separation of the 
fibers of the pectoralis major muscle, or as shown 
in Fig. 26.1.4, after the border of the muscle has 
been firmly drawn up with a hook. Sometimes, 
it may be difficult to push the venous catheter 
forward, owing to the numerous venous valves. 
However, one usually succeeds in overcoming such 
resistance by rotating the catheter while pushing 
it back and forth. Here, as in the case of the lower 
extremity, a Steinmann pin serves as support for 
a strong rubber tourniquet that interrupts blood 
flow to the vessels of the skin and muscles. The 
pin is driven into the head of the humerus from 
lateral to medial through the deltoid muscle, the 
tendon of the long head to the biceps muscle being 
under digital control during this step. Following 
connection to the heart-lung machine and after 
the desired tissue temperature of about 39.5°-
40° C is achieved, perfusion with cytostatic drugs 
is carried out for 1 h, at a flow rate of 150-250 mIl 
min. Decannulation from the heart-lung machine 
is performed as described for leg perfusion: divi
sion of the venous catheters, flushing of the arm 
with 1 1 physiologic saline solution, refilling with 
packed erythrocytesin solution, decannulation, 
and suture, first of the vein and then of the artery. 
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Fig. 26.1.4. Isolated perfusion of the upper extremity. 
The axilla is dissected. The subscapular artery and vein 
are temporarily ligated, imd tapes are placed around 
the axillary artery and vein ; the artery is exposed by 
retracting the bundles of the arm plexus 

c) Isolated Regional Liver Perfusion. The liver is 
the first filter against the hematogenous spread 
of gastrointestinal carcinomas. The tumor cells in
filtrate through the portal vein, but soon come 
into contact with the arterial system as they con
tinue to grow [6]. Later, the metastases are sup
plied mainly by the artery. The application of cyto
toxic drugs via the hepatic artery is therefore logi
cal. Only at the margins of the tumor are there 
anastomoses between the arterial and the portal 
vein systems. 

Regional liver perfusion is indicated for prima
ry inoperable liver tumors and also for metastases 
where the primary tumor has been resected radi
cally and no other metastases have been found. 
These latter conditions are limited almost entirely 
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to colorectal cancer. In these cases, as with perfu
sion of the extremities, high concentrations of cy
tostatic drugs are combined with hyperthermia up 
to 40° C [1, 2, 12, 16]. 

Removing the venous blood from the liver is 
naturally more difficult than in the case of extremi
ty perfusion. It is performed by means of a special 
catheter (Perfufix II, Braun, Melsungen) inserted 
into the inferior vena cava. The arterialized blood 
passes through the hepatic artery and the portal 
vein to the liver, two separate roller pumps being 
used to achieve approximately physiologic pres
sures (mean arterial pressure 110 mmHg, portal 
pressure 20 mmHg). The flow rate in the hepatic 

liver 

'nletlor v cava 

Hemoiliter 

Roller PUll P 

Fig. 26.1.5. Schematic representation of isolated liver 
perfusion. The inferior vena cava is cannulated from 
below the renal veins with a double lumen catheter. The 
venous blood of the liver is selectively removed and oxy
genated by the heart-lung machine (HLM) and, after 
heating (42° C), is reperfused into the hepatic artery and 
the portal vein. Ammonia is removed through a hemo
filter interposed in the portocaval shunt, and the blood 
is returned to the double lumen perfusion catheter 
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artery is about 300 ml/min, in the portal vein 
about 150 ml/min. During perfusion, i.e., during 
that phase of the operation when the liver is iso
lated from the body circulation, the portal vein 
blood coming from the gastrointestinal tract is by
passed through a portocaval shunt (Fig. 26.1.5). 
A hemofilter interposed in this circulation (Plastik 
fiir die Medizin, Siirth/Koln) reduces the ammonia 
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Fig. 26.1.6. Vessels at the hilus of the liver with tapes 
placed around them. The right gastric artery is divided 
and tapes are placed around the hepatic and gastroduo
denal arteries. Double tapes are placed around the portal 
vein 

Fig. 26.1.7. Placement of a tape around the inferior vena [> 

cava within the pericardium. The liver is mobilized at 
the pars affixa, and the diaphragm as well as the pericar
dium are incised transversely, just above the point of 
passage of the inferior vena cava. A tourniquet is placed 
around the vena cava intrapericardially 
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concentration of the blood to normal values and 
probably also eliminates other toxic metabolic 
products. However, filtration may be omitted. 

Dissection Within the Hepatoduodenal Liga
ment. For the operative approach, we prefer a me
dian supra- and infraumbilical longitudinal 
laparatomy. An umbilical tape is placed around 
the hepatoduodenalligament. The gastroduodenal 
artery is located superficially and exposed in the 
direction of the duodenum, and a tape is placed 
around it. Proceeding from the origin of the gas
troduodenal artery, dissection continues along the 
common hepatic artery in the direction of the aor
ta and along the proper hepatic artery in the direc
tion of the liver. A tape is placed around the com
mon hepatic artery. On drawing it upward by the 
tape and retracting the bile duct caudally, access 
to the portal vein is achieved. The portal vein is 
exposed preferably over a length of 20 mm, but 
no less than 15 mm, between the duodenum and 
the hilus of the liver, and two tapes are placed 
around it (Fig. 26.1.6). Tributaries are ligated and 
divided. 

Dissection of the Inferior Vena Cava. Following 
division of the falciform ligament, the liver is re
tracted caudally and the pars affixa sharply dis
sected off the diaphragm until the anterior circum
ference of the vena cava is exposed. Some 2 cm 
lateral to the vena cava a transverse incision about 
5 cm long is made in the centrum tendineum of 
the diaphragm and in the adjacent pericardium. 

Infenor v cava 
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Fig. 26.1.S. Placement of tapes around the inferior vena 
cava. The spermatic or the ovarian vein is divided and 
ligated. One tape is placed around the inferior vena cava 
above the renal veins, and two tapes below 

Fig. 26.1.9. Insertion of the perfusion catheter into the I> 
inferior vena cava. The inferior vena cava is incised lon
gitudinally between the two lower tourniquets. The tip 
of the perfusion catheter lies above the renal veins. Lum
bar veins must never be left open. One must be able 
to inspect this segment of the vena cava in its entire 
circumference 

Within the pericardium, a strong clamp is carefully 
passed around the inferior vena cava just distal 
to where it joins the right atrium, and an umbilical 
tape is placed around it (Fig. 26.1.7). Slight, some
times pulsating bleeding at the incision of the dia
phragm must be stopped carefully. 

Access to the infrahepatic segment of the inferi
or vena cava is achieved through extensive mobili
zation of the duodenum according to KOCHER. 

The vena cava is dissected free over a length of 
8-10 cm, including the junction of the renal veins; 
during this step several lumbar veins must be ligat
ed and divided. The right spermatic or ovarian 
vein is also divided at the respective junction below 
the right renal vein. Three tourniquets are then 
placed around the mobilized inferior vena cava, 
one above and two below the junction with the 
renal veins (Fig. 26.1.8). 

Cannulation of the Inferior Vena Cava. Follow
ing systemic heparinization (200 I.D. heparin per 
kilogram body weight) the inferior vena cava is 
incised longitudinally. The incision begins 1 cm 
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distal to the right renal vein and extends over 3 cm. 
The perfusion catheter, closed by an internal rub
ber trocar, is inserted through this incision 
(Fig. 26.1.9). Once the two lateral openings receiv
ing renal venous blood are situated cranial to the 
middle tourniquet, this tourniquet is fixed, the tro
car is pulled out of the catheter, and the end of 
the catheter immediately clamped. The end is then 
completely immersed in the inferior vena cava. Be
fore the lowest of the three tourniquets - posi
tioned below the venotomy - is tightened, the cath
eter is pushed downward somewhat. When both 
of the two lower tourniquets have been properly 
tightened, the clamp can be removed, thereby re
leasing the blood flow through the catheter. The 
two catheters leading off toward the side, one of 
them to be connected to the heart-lung machine 
and the other to the portocaval shunt, remain 
closed at this time. The next step is to tighten the 
upper infrahepatic tourniquet so that the renal ve
nous blood will pass through the lateral openings 
of the perfusion catheter to reach the right atrium. 
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Arterial Cannulation and Connection to the Ex
tracorporeal Circulation. First, the portal vein is 
incised transversely between two crocodile clamps. 
A catheter is inserted toward the liver (arterial line) 
and another in the opposite direction (for the por
tocaval shunt); both are then fIxed in place by 
tightening previously positioned rubber bands. 
The portocaval shunt becomes functional when 
the portal vein catheter, remote from the liver, is 
connected via the hemofIlter to the appropriate 
side tube of the perfusion catheter. A roller pump 
provides suffIcient flow (600 ml/min). The fIltered 
fluid is replaced completely with Ringer's solution. 

Next, the central porto venous catheter and the 
venous retrograde flow tube from the perfusion 
catheter are connected to the heart-lung machine. 
By tightening the intrapericardial tourniquet, the 
normal retrograde flow of venous blood from the 
liver is interrupted. Simultaneously, the hepatic ar
tery is occluded with a bulldog clamp. The liver 
can then be perfused, at fIrst only through the 
portal vein as a partial bypass. The gastroduoden
al artery is ligated peripherally and incised trans
versely approximately 1 cm from its origin. 
Through the arteriotomy, a special catheter 
(Braun, Melsungen) is inserted and pushed for
ward into the proper hepatic artery (Fig. 26.1.10). 
This arterial catheter is also connected to the ex-

Fig. 26.1.10. Cannulated vessels at the hilus of the liver. 
The portal vein is incised transversely and cannulated 
proximally (arterial line) and distally (portocaval shunt), 
and the tubes are fixed by tourniquets. A bulldog clamp 
is placed on the common hepatic artery, and the vessel 
is cannulated through the gastroduodenal artery. The 
catheter is also fixed by means of a tourniquet. The 
direction of blood flow within the tubes is indicated by 
arrows' 
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tracorporeal circulation. The total bypass then be
gins, with the portal vein and the liver artery being 
supplied by separate roller pumps so as to achieve 
physiologic flow rates and pressures (Fig. 26.1.5). 
After ca. 10 min, when a tissue temperature of 39°-
39.5° C has been achieved in the liver, the cytostat
ic drug is administered through the liver artery 
catheter. To date, we have used mainly mitomycin 
C and 5-fluorouracil (Fluoroblastin Farmitalia, 5-
FU Roche). 

Decannulation. As with isolated perfusion of the 
extremities, the venous catheter is cut after 1 h of 
perfusion, the perfusate is then drained and the 
liver flushed with 1 I Ringer's solution. After the 
intrapericardial tourniquet has been loosened, the 
organ is refIlled with packed erythrocytes and 
250 m1 plasma solution. Further decannulation 
proceeds stepwise as follows: 

1. Removal of both tubes from the portal vein 
and closure of the portal vein using a continu
ous suture 

2. Removal of the hepatic artery catheter from 
the gastroduodenal artery and temporary oc
clusion of this vessel with a bulldog clamp 

3. Removal of the perfusion catheter from the in
ferior vena cava and continuous suture of the 
venotomy 

Finally, the ImplantofIx catheter is inserted into 
the gastroduodenal artery according to the tech
nique described in Sect. B.II.1. in order to continue 
intra-arterial infusion. Following placement of soft 
silicone drains beneath the liver and in the pericar
dium, the laparotomy is closed layer by layer, leav
ing the incision of the diaphragm and the pericar
dium open. 
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A. Pathomorphology 

I. Extravasal Tumors 
(Benign Tumors, Carcinoma, Sarcoma) 

Larger arteries and veins are usually resistant to 
tumor growth over a long period of time. Even 
malignant tumors exhibiting rapid expansive and 
infiltrating growth do not infiltrate the vessel wall 
in the majority of cases. 

It is primarily the veins that are affected by 
enveloping or invasive tumors, e.g., the superior 
vena cava in cases of mediastinal tumors, or the 
inferior vena cava or its branches in cases of renal 
or genital tumors (see below). 

Even in vessels completely surrounded by a tu
mor, invasion of the vascular lumen with the risk 
of life-threatening bleeding or tumor embolism is 
relatively rare. More often, adjacent veins are com
pletely compressed by the tumor. 

By contrast, an arterial wall usually undergoes 
only a more or less pronounced stenosis, thanks 
to the higher internal pressure. The stenosis may 

often be removed by annular dissection of the tu
mor. Frequently, vascular lesions may be encoun
tered. Radical resection is only seldom achieved 
[2]. 

Operative therapy in cases of carotid body tu
mor is of special surgical significance [17, 30, 31]. 

Embryologically, the normal carotid body, lo
cated in the adventitia of the carotid bifurcation, 
is a chemoreceptor (stimulation by pH, peo2, and 
p02), having the form of a 2 x 3 mm lentiform 
nodule. Enlargement of this nodule up to a diame
ter of 1 cm is often found in people living at alti
tudes greater than 4000 m above sea level (Andes, 
Tibet); the condition is also referred to as chemo
dectoma. A benignly or malignantly growing carot
id body contains proven neurotransmitters in up 
to 10% of cases, but is not endocrine active itself. 
Therefore, the condition is more correctly referred 
to as a paraganglioma of the carotid body, or, to 
use the clinical term, a carotid body tumor [16, 
26, 31]. The vascular supply of the normal carotid 
body arises from the vasa vasorum in the immedi
ate region of the carotid bifurcation. In cases 
where the carotid body has undergone tumorous 
enlargement, branches from the external carotid 
artery are usually found. 

1. Classification 

Based on clinical observations, three types of tu
mors are distinguished (Fig. 26.2.1). This classifi
cation is especially helpful with respect to the oper
ative approach. Since the tumor is benign in about 
90% of cases, the maintenance of continuity fol
lowing resection is also justified with types II and 
III. Microscopic examination of tumor tissues re
veals the predominant tendency of the tumor to 
imitate the normal structures of the carotid body, 
producing both chief cells and sustentacular cells 
[1]. They may vary from a type that is rich in 
vessels and similar to an angioma, to an adenoma
like type. According to the predominant feature 
three major types are distinguished: paraganglion-
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Type I Type II Type III 

Fig. 26.2.1. Clinical classification of carotid body tumors 
(according to F. LINDER) [17] 

ic, angiomatous, and adenomatous. This morpho
logical classification, however, is only of minor 
clinical significance as no conclusions concerning 
the malignancy may be drawn from it. With re
spect to carcinomatosis, one must distinguish be
tween locally infiltrating growth and the certain 
proof of actual carcinomatosis with metastases in 
local lymph nodes or, in rare cases, with distant 
metastases (in the lung and the bones). 

2. Diagnosis 

The differential diagnosis of lateral neck tumors 
deserves special mention, owing to the fact that 
80% of carotid body tumors are only partially re
sected, that is to say, the preoperative diagnosis 
is correct in only a few cases. Usually the diagnosis 
is either lateral cervical cyst or lymphoma. 

Carotid body tumors are mostly asymptomatic 
until the tumor diameter reaches 3 cm. After sever
al years, a hard, indolent mass develops, recogniz
able by a lateral protrusion on the neck. Larger 
tumors may cause symptoms in adjacent structures 
with lesions of the hypoglossus nerve and also of 
the vagus or recurrent nerve. Irritations of the ad
jacent sinus nerve with bradycardia and syncope 
are also observed. 

In case of clinical suspicion (signs of mobility, 
pulsation, localization; [31 D, arteriography is indi
cated, which usually reveals a typical separation 
of the carotid body and also of the tumor itself 
in the late phase. Computed tomography may be 
of help in judging the operability of larger tumors 
[10]. 

679 

II. Vascular Tumors 

Benign or malignant tumors originating from the 
vessel wall itself are extremely rare. 

These may include leiomyomas, leiomyosarco
mas, fibrosarcomas, hemangioendotheliomas, and 
hemangiopericytomas of the vena cava and its 
branches, the portal vein, the aorta, and also the 
iliac and leg arteries [3, 4, 7, 8, 14, 15, 18, 19, 
22,24,25]. 

Occasionally, in cases of untreated primary tu
mors, intra-arterial tumor emboli may require sur
gical intervention. 

B. Operative Indications 

In malignant tumors (carcinomas and sarcomas), 
the indication for an extended tumor operation with 
resection of larger arteries in continuity is relative
ly rare: the tumor already involving adjacent ves
sels are mostly inoperable for other reasons (dis
tant metastases, invasion of other adjacent struc
tures). Therefore, the indication for vascular resec
tion in tumor surgery is subject to strict criteria 
[23]. 

Also for malignant vascular tumors (leiomyo
sarcoma, fibrosarcoma) vascular resection with 
graft interposition is usually too late. 

An operative indication, however, is given in 
cases of: 

1. Benign and semimalignant tumors - elective, 
curative surgery 

2. Malignant tumors in cases of vascular complica
tions (bleeding, tumor embolism) - emergency, 
palliative procedure 

C. Techniques of Reconstruction 

I. Neck 

1. Combined Resection of the Carotid Artery 
in Neoplastic or Inflammatory Disease 

Sometimes, radical surgery for tuberculous lym
phomas of the neck and for pharyngeal and laryn
geal carcinomas is impossible without a carotid 
artery resection, with preservation of continuity 
[5,20]. 

Operative Technique. While the external carotid 
artery may usually be ligated without sequelae, re-
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construction of the internal carotid artery should 
always be attempted. In many cases the blood sup
ply to the brain can be restored by vein graft inter
position. It is advisable to use an intraluminal 
shunt to keep the interruption of the blood flow 
as brief as possible (see p. 471). 

2. Carotid Body Tumor 

The operative treatment of carotid body tumors 
requires knowledge of vascular surgery because of 
the carotid body's close contact with the carotid 
bifurcation; in one third of cases, reconstructive 
measures of the internal carotid artery become 
necessary (direct suture, patch graft angioplasty, 
transposition). 

Operative Technique. The aim of surgical thera
py is radical removal of the tumor, preserving or 
restoring the vascular system of the internal caro
tid artery [28, 29]. With the operative technique 
described below, i.e., a dissection method consisting 
of three steps, a reconstructive procedure is not 
necessary in over 60% of cases (Fig. 26.2.2a). 

The first step consists of common carotid artery 
exposure (central vascular control). 

In the second step, the initial segment of the 
external carotid artery is exposed. When the artery 
is completely surrounded by the tumor (type III), 
the tumor must be divided down to the arterial 
wall (Fig. 26.2.2 b). Ligation and division of the 
external carotid artery at its origin almost com
pletely interrupts the blood supply to the tumor 
(Fig. 26.2.2c). In the case of smaller tumors, the 
external carotid artery may be divided between lig
atures distal to the tumor. 

The third step consists of dissecting the tumor 
off the carotid bifurcation and sharply dissecting 
the internal carotid artery within the adventitial 
layer (Fig. 26.2.2d). There, the tumor is grasped 
with a clamp in the region of the external carotid 
artery stump and pulled ventrally. This maneuver 
provides exposure of the border of the internal 
carotid artery. If the internal carotid artery is com
pletely encircled by the tumor, the tumor must 
be divided down to the vascular wall. The tumor, 
including the interrupted segment of the external 
carotid artery, is mobilized by this approach in 
the direction of the base of the skull and dissected 
free, step by step, preserving the continuity of the 
internal carotid artery. Only in case of injury to 
the internal carotid artery is interruption of the 
blood flow with clamps required. If the leak can
not be closed by direct suture, an appropriate re-
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Fig. 26.2.2a-d. Operative technique. a Exposure of the 
common carotid artery. b Isolation, ligation, and divi
sion of the external carotid artery at its origin. c Ventral 
and cranial mobilization of the tumor to expose the ca
rotid bifurcation and the internal carotid artery, dissec
tion of the tumor in the wall of the internal carotid 
artery. d Complete removal of the tumor, preserving 
the continuity of the internal carotid artery 

Fig. 26.2.3a-d. Possible reconstructions. a Direct suture. 
b Patch graft angioplasty. c Interposition. d Transposi
tion with end-to-end anastomosis of the internal carotid 
artery to the external carotid artery 

construction must be performed by patch graft, 
graft interposition, or transposition of the internal 
carotid artery to the stump of the external carotid 
artery (see p. 268; Fig. 26.2.3). 
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II. Thorax 

1. Leiomyoma or Leiomyosarcoma 

Leiomyoma or leiomyosarcoma are the most com
mon vascular tumors of the superior vena cava. 
Congested upper veins, dyspnea, coughing, pain, 
and hoarseness are the most common clinical 
symptoms. Venography and computed tomogra
phy are absolutely necessary for the planning of 
the operation. 

The exploration of the tumor is performed 
through either a right-sided posterolateral thoracot
omy or a median sternotomy. 

The operative method of choice for benign tu
mors is local tumor excision with tangential suture. 

Malignant tumors are usually inoperable (infil
tration of the pericardium, pleura, lung, etc.; dis
tant metastases). However, radical tumor excision 
with sacrifice of the superior vena cava and subse
quent vascular transplantation may be possible [7, 
9]. 

Large caliber grafts with reinforced outer walls 
(e.g., ring-enforced PTFE prostheses) to avoid col-

Transverse cervical v 

Inlernallugular v 

I 
Supellor v cava Leflinnominate v 

Subclavian v Middle IhyrOld v 

Superficial C Mcal v 

Fig. 26.2.4a, b. Leiomyosarcoma of the superior vena 
cava. a Radical tumor excision, including the superior 
vena cava. b Restoration of continuity by interposition 
of the ring-reinforced expanded PTFE prosthesis 
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lapse of the vessel in the venous low pressure sys
tem (Fig. 26.2.4) are suitable for replacement of 
the vein. 

2. Malignant Vascular Tumors 
of the Thoracic Aorta 

These are extremely rare [14, 24] and are usually 
inoperable by the time they are diagnosed. Only 
cases of polyploid type of primary fibrosarcoma of 
the aorta have been reported in the world litera
ture as being successfully operated on [14]: The 
operative excision of the tumor is performed fol
lowing aortotomy by shelling out the intraluminal
ly growing tumor. 

3. Hemangiopericytoma of the Thoracic Aorta 

Hemangiopericytoma (facultatively malignant) of 
the thoracic aorta can usually be dissected off the 
vascular adventitia and the surrounding tissue 
without injuring the vessel [3, 8]. 

ill. Abdomen and Retroperitoneum 

1. Intestinal Tumors 

Intestinal tumors, operable only by resection of 
larger vessels, have a poor prognosis. This is 
shown, for instance, by the results of 840 pelvic 
exenterations, in 55 of which the iliac vessels (ar
tery, vein, or both) had also been resected. The 
5-year survival is only 20%. Among those patients 
who had undergone an extended tumor operation 
including the major iliac vessels, only four survived 
for 5 years (11 %; [2]). 

The 5-year survival rate is only 20%. Among 
those patients who had undergone an extended 
tumor operation including the major iliac vessels, 
only four survived for 5 years (11 %) [2]. 

In the case reported by MOORE in 1958, the 
recurrent tumor of a sigmoid carcinoma was radi
cally excised in two sessions, including the left ure
ter, the left kidney, and the aortic bifurcation. 
Some 51/ 2 years postoperatively, the patient was 
still healthy and free of recurrence [21]. 

In 1968 YOSHIDA et al. [33] reported on a pa
tient with a duodenal reticulosarcoma encircling the 
superior mesenteric artery which was curatively re
sected by duodenal and small bowel resection, left
sided nephrectomy, and division of the superior 
mesenteric artery. Restoration of continuity of the 
superior mesenteric artery was achieved by inter-
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pOsition of a vein graft (greater saphenous vein) 
from the central stump of the visceral artery to 
the ipsilateral internal iliac artery. 

b 

Fig. 26.2.5a, b. Retroperitoneal ganglioneuroma encir
cling the inferior vena cava and the infrarenal aorta. 
a Exposure of the tumor following medial supra- and 
infraumbilical laparotomy: dissecting the tumor off the 
aorta, stepwise mobilization, sacrificing the lumbar ar
teries and veins branching off dorsally, en bloc resection 
and resection in continuity of the inferior vena cava. 
b Replacing the vein defect by interposition of a ring
reinforced expanded PTFE prosthesis, construction of 
an arteriovenous fistula in the groin (see p. 462) 

Fig. 26.2.6a~. Hypernephroma plug in the inferior vena I> 
cava in a case of left-sided hypernephroma. a Median 
supra- and infraumbilical laparotomy, exposure of the 
inferior vena cava, the right and left renal vein, and 
the left kidney, central ligation of the renal vein, includ
ing the tumor plug. b Digital subdiaphragmatic occlu
sion of the inferior vena cava and inspiratory standstill 
(pEEP = positive end-expiratory pressure) the patient 
being placed in an anti-Trendelenburg position, incision 
of the inferior vena cava at the level of the junction 
of the left renal vein and resection of the intracaval tu
mor plug by digitally pushing it caudad. c Following 
closure of the inferior vena cava by continuous suture, 
tumor nephrectomy is performed in the usual fashion, 
with resection of the fatty capsule, the adrenal, and the 
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2. Primary Benign Retroperitoneal Tumors 

Primary benign retroperitoneal tumors (e.g., gang
lioneuromas) encircling the vena cava and the aorta 
are an indication for extended tumor resection. 
Usually the tumor is dissected off the infrarenal 
and aortic wall without difficulty; however, resec
tion of the inferior vena cava is often unavoidable 
[12]. 

Operative Technique (Fig. 26.2.5). Following 
systemic heparinization and interruption of the 
blood flow, the inferior vena cava is resected, trib
utary lumbar veins are ligated, and vascular con
tinuity is restored by interposition of a large graft 
with a reinforced outer wall (e.g., ring-enforced 
PTFE prosthesis). 

Graft implantation should always be performed 
under the protection of a temporary arteriovenous 
fistula created in the inguinal region (it can be 
surgically closed after 3-6 months). 

3. Renal Tumors 

In cases of hypernephroma, the most common re
nal tumor in adults, tumor invasion of the inferior 
vena cava is diagnosed in 4%-6%. 

Leaving such tumor plugs during palliative ne
phrectomy disposes to a generalized metastasis 

regional lymph nodes b c 
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within 1 year. Resection of a right-sided tumor in
vading the inferior vena cava may be possible by 
resection of the inferior vena cava in continuity 
and ligation of the left renal vein : collateral circu
lation through the suprarenal vein, inferior phrenic 
vein, spermatic vein, ureteric vein, and ascending 
lumbar vein provides sufficient outflow for the left 
kidney [32]. 

For radical left-sided tumor nephrectomy, a sim
ilar procedure cannot be used because insufficient 
venous collateral circulation may remain following 
ligation of the right renal vein. 

Operative Technique 

1. Endarterectomy during inspiratory standstill 
(Fig. 26.2.6) 

2. Resection of the inferior vena cava in continuity 
and graft interposition under the protection of 
an inguinal arteriovenous fistula (Fig. 26.2.7) 

If necessary, the contralateral vein can be anasto
mosed to the graft end-to-side [27]. 

r 
Fig. 26.2.7. Inferior vena cava resection in continuity, 
interposition of a vascular prosthesis, and reimplanta
tion of the contralateral (right) renal vein into the graft 
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Fig. 26.2.S. a Resection of the tumor including the ante
rior wall of the inferior vena cava between the junction 
of (the patent) renal veins. b Oblique division of the 
posterior wall of the inferior vena cava, reconstruction 
of both caval stumps with a posterior flap 

b 

a 

Fig. 26.2.9. a Resection of the tumor, including the right 
kidney and the renal vein. b Maintaining patency at the 
junction of the left renal vein by reconstruction of the 
proximal stump of the inferior vena cava 

a b 
Fig. 26.2.10a, b. Resection of the tumor, end-to-side 
anastomosis of the right renal vein to the distal inferior 
vena cava 
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4: Vascular Tumors of the Inferior Vena Cava 

Vascular tumors of the inferior vena cava are cura
tively operable when they are: 

a) Benign (leiomyomas) 
b) Malignant (leiomyosarcomas) or facultatively 

malignant (hemangioendotheliomas) , but lim
ited to the middle and distal third of the inferior 
vena cava [19] 

Tumors of the proximal third of the inferior vena 
cava involving the liver veins (Budd-Chiari syn
drome) are for the most part inoperable [18]. 

The operative technique is the same as in Sect. 
C. III: vascular resection, graft interposition 
(eventually reinserting the renal veins), and inguin
al temporary arteriovenous fistula [4]. 

The procedures described by COUINAND [6] 
(Fig. 26.2.8), GUEDON [11] (Fig. 26.2.9), or 
STUART and BAKER (Fig. 26.2.10) may be used, de
pending on the extent of the tumor. 

In case of less extensive tumors, especially tu
mors of the anterior wall, local excision and tan
gential suture of the inferior vena cava may be 
successful [25]. 

IV. Extremities 

1. In the extremities vascular reconstructions are 
considered for en bloc resection of soft tissue and 
bone sarcomas [13], the resected artery being re
placed by autogenous vein (greater saphenous 
vein) or a fabric prosthesis. 

In the rarer benign and semimalignant vascular 
tumors (ieiomyomas, hemangiopericytomas) , ex
cision of the tumor, together with the involved ar
tery, followed by reconstruction using a vein graft 
is the operative method of choice. 

2. Another indication for arterial reconstruc
tion is the presence of deep ulcers at the base of 
which major arteries may be exposed and therefore 
susceptible to arrosion. In the majority of cases 
it is an ulcus radiologicum, much more rarely a 
carcinomatous or sarcomatous crater. 

The preferred localization is the groin. Erosion 
of the femoral artery may cause life-threatening 
bleeding. Ligation of the artery in the infected tu
mor is seldom successful (frequently, the ligatures 
cut through the arterial tissue and cause bleeding). 
Simple ligation usually causes a more or less severe 
ischentia of the limb. 
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Ligation of the afferent and efferent arteries 
(external iliac artery, superficial femoral artery, 
and profunda femoris artery) within healthy tissue, 
i.e., outside the tumor, and restoration of the vas
cular system by means of a graft is the operative 
method of choice. For bypassing the groin, the so
called obturator bypass from the external iliac ar
tery to the superficial femoral artery is primarily 
used (see p. 545). Here, the same principles of re
construction apply as in postoperative infection 
in the groin. 
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27 Surgery of Veins 

27.1 Injury of the Large Veins 
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The system of large veins of the trunk extends 
from the upper aperture of the thorax to the lacu
nae vasorum in both groins (see p. 247). It consists 
of four separate drainage systems (Fig. 27.1.1): 

1. Superior vena cava, 
2. Pulmonary veins, 
3. Inferior vena cava, 
4. Portal vein. 

I. Superior Vena Cava 

The superior vena cava measures 4-5 em in length 
and - separated from the thoracic wall - extends 
from the costomediastinal angle and the right first 
intercostal space to the sternal end of the third 
rib. At this point, it enters the pericardial sac 
obliquely. It is formed by the juncture of the two 
brachiocephalic veins. Because the junction of 
these veins is located behind the right margin of 
the sternum, the left brachiocephalic vein is longer 
than the right. As it descends obliquely downward 
and to the right behind the manubrium, the left 
brachiocephalic vein crosses the left subclavian ar
tery, the left common carotid artery, and the bra
chiocephalic artery. 

II. Pulmonary Veins 

The pulmonary veins collect the blood from the 
pulmonary capillaries; in addition, the blood from 
the small bronchial veins empties into these ves
sels. Like the branches of the pulmonary artery, 
they follow the course of the bronchial tree and 
form in general two upper and two lower venous 
trunks in the pulmonary hilus. The superior pul
monary vein lies anterior to the hilus and the infe
rior pulmonary veins caudad to the respective 
bronchus. The part which lies within the pericar
dial sac is characterized by a perivascular cuff of 
heart muscle which keeps the vessel open and pre
vents kinking during systole [8]. 

ill. Inferior Vena Cava 

The inferior vena cava is formed by the junction 
of the two common iliac veins at the level of the 
fourth lumbar vertebra. This junction is situated 
caudal and to the right of the aortic bifurcation 
by which it is partially covered. At the level of 
the second lumbar vertebra, it runs to the right 



688 

Inlellor jugUlar v. 

B' cn,o
cepl allc II 

S pellor 
~8na c v 

Sub
claVla" 

SuperlOI 
pulmonary II 
Inferior 
pulmonarV \I 

1"llIor 

Fig. 27.1.1. Anatomy of large veins 

Poria I Y 

Splenoc Y 

Re alY 

II11clIOI 
mesentellc 

SLlperlO' 
mesenteric II 

Tesllcul r 
(o'l8"enl II 

Common 
Ihac Y 

Inle.nal 
ill cv 

External 
IIiBC II 

of the aorta and anterior to the vertebral column. 
It passes under the root of the mesentery at the 
level of the third lumbar vertebra. Cephalad, it 
separates from the aorta and passes close to the 
upper pole of the right kidney, through the sulcus 
behind the liver, and finally via the opening named 
after it through the diaphragm. Without accepting 
any more branches, it passes through the thorax 
and empties into the right atrium. The vena cava 
transports approximately two thirds of the venous 
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return. Its major tributaries are the iliac veins, the 
renal veins, the three hepatic veins, the lumbar 
veins (usually four), the testicular or ovarian veins, 
the suprarenal veins, and the phrenic veins [8]. 

IV. Portal Vein 

The portal vein is formed by the confluence of 
the superior mesenteric and the splenic vein. A 
short distance distal to this junction, the inferior 
mesenteric vein drains into the splenic vein. The 
junction is situated behind the head of the pancre
as; from there the portal vein continues cephalad 
for 5 em behind the first part of the duodenum 
and reaches the hilus of the liver as part of the 
hepatoduodenal ligament [8]. Between 65% and 
80% of the perfusion of the liver is derived from 
the portal vein. The liver is usually drained by 
three veins which enter the inferior vena cava be
neath the diaphragm and contribute approximate
ly 50% of the entire blood volume that passes 
through the inferior vena cava. 

B. Causes of Venous Injuries 

Venous injuries can be caused by trauma, or they 
can be iatrogenic. 

I. Traumatic Venous Injuries 

Traumatic venous injuries are caused by blunt or 
penetrating trauma of the thorax or the abdomen. 
Isolated injuries to the veins are rare because of 
their protected position deep within the cavities 
of the body. Usually, other structures, such as ar
teries, parenchymatous organs, or the gastrointes
tinal tract, are injured simultaneously. 

II. Iatrogenic Venous Injuries 

With advances in medicine and the increasing use 
of invasive diagnostic and therapeutic manipula
tions, the incidence of iatrogenic venous injuries 
has increased rapidly. They make up approximate
ly 10% of all vascular injuries, but this is probably 
an underestimate [14, 27, 31]. One distinguishes 
intraoperative iatrogenic injuries and lesions 
caused by catheters. 
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1. Intraoperative Iatrogenic Injuries 

Even though all forms of venous injury during 
surgery are possible, they can usually be avoided 
by exact knowledge of the anatomy and careful 
surgical technique. However, inflammatory 
changes, scars, and invasive tumor growth will 
lead to incidental venous injuries, even though all 
precautions are taken. The most common iatro
genic injuries in the thorax are the laceration of 
the left brachiocephalic vein during sternotomy 
[11] and the incidental biopsy of the vena azygos 
during mediastinoscopy. In the abdomen, injuries 
of the inferior vena cava and the common iliac 
veins are common· during operative procedures on 
the spine [23]. Lacerations of the vena cava are 
common during right lumbar sympathectomy, re
section of abdominal aortic aneurysms and other 
operations of the abdominal aorta, right lumbar 
sympathectomy, and right radical nephrectomy. 
Injuries to the iliac veins most commonly occur 
during iliac endarterectomy, operations in the re
gion of the hip, and gynecologic procedures. 

2. Catheter Injuries 

If central venous catheters remain in place for a 
long period they can lead to an erosion of the 
venous wall with resultant hemorrhage. This is 
especially the case with subclavian hemodialysis 
catheters, which are made of Teflon. Small poly
ethylene catheters usually have a low complication 
rate. While jugular catheters are regarded as safe, 
central venous catheters advanced from the arm 
have a high complication rate. Moving the arm 
can advance the catheter as much as 10 em with 
the risk of perforating the superior vena cava and 
the right atrium [13, 14]. Intraluminal cava filters 
developed by MOBIN-UDDIN or KIM-RAY-GREEN
FIELD can also lead to a perforation of the inferior 
vena cava [20]. As a rule, catheter or puncture 
injuries do not require surgical intervention. 

c. Indications for Operative Intervention 

I. Principles 

Surgery is an integral part of resuscitation in pa
tients with hypovolemic shock. The diagnosis of 
a venous injury can usually be made only intra
operatively: The indications for surgery are there-
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fore the magnitude of the injury and the condition 
of the patient. When a large vein is injured, one 
always observes hemorrhagic shock. This clinical 
picture in connection with suspected injuries of 
other organs such as spleen, liver, pancreas, or 
bowel is an indication for emergency surgery [1, 
6,15]. 

ll. Indications for the Exploration 
of Retroperitoneal Hematoma 

The following findings are indications for explora
tion: 

- Expanding retroperitoneal hematoma, 
- Pulsating retroperitoneal hematoma, 
- Suspected injury of other retroperitoneal organs 

(duodenum, pancreas, colon), 
- Already opened retroperitoneum, 
- Hemodynamic instability during the observa-

tion. 

If the retroperitoneal hematoma is not pulsating 
one has time for a thorough inspection of the en
tire abdominal cavity, the repair of other injuries, 
procurement of enough blood for transfusion, 
and, depending on the circumstances, proximal 
and distal control of the large vessels. Mter hemo
dynamic stabilization, and, if necessary, enlarge
ment of the incision, the retroperitoneal explora
tion can proceed without haste according to the 
criteria given. Retroperitoneal hematomas follow
ing fractures of the pelvis or the vertebrae should 
as a rule not be explored [21, 22, 25, 29]. 

D. Positioning 

Because injuries to the large veins are usually diag
nosed only intraoperatively, the position of the pa
tient is determined by the associated injuries. 

I. Thorax 

Mter thoracic trauma, the patient is usually posi
tioned in the standard thoracotomy position, the 
uninjured side down. A supine position is used 
if a transsternal approach is planned. 
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n. Abdomen 

After abdominal trauma, the supine position is 
best for exploration of the veins. An inflatable 
cushion is positioned under the lumbar spine to 
facilitate the surgical procedure. Side supports on 
the left side and an inflatable cushion under the 
right hemithorax allow for intraoperative reposi
tioning of the patient in a right hemithoracotomy 
position to facilitate a thoracic extension of the 
incision for a better approach to the suprarenal 
vena cava inferior (Fig. 27.1.2a, b). Side supports 
on the contralateral side of the operating table fa
cilitate the exposure of pelvic veins. 
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Fig. 27.1.2. a Left th raeolomy po iti n. b Po iti?n r~r 
e mbined th rae abd minal appr aeh. The pallent I 
in a upine p ition with an inOatable eu hion under 
the back and the right thora . The upp rt o~ the left 
ide allow intraopcrati e inOation r the eu hlon and 

the tilting r the operating table to the left t~ ~hange 
the upine p ilion int a emithorae tom p Ilion 

E. Approaches (Fig. 27.1.3) 

I. Superior Vena Cava 

The superior vena cava can be approached 
through an anterolateral thoracotomy in the 
fourth intercostal space on the right with the pa
tient in the thoracotomy position, or through a 
median sternotomy in the supine position. The de
cision which approach to use depends on the sus
pected concomitant injuries. If a massive hemo
thorax on the right is the main preoperative find
ing, one should choose a right thoracotomy. If, 
however, an enlarged mediastinum raises the sus
picion of additional injuries of the heart or the 
aorta, a trans sternal approach is preferable. If a 
right thoracotomy is used, the parietal pleura over 
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Fig. 27.1.3. Skin incisions. (1) Median laparotomy, (1a) 
anterolateral thoracotomy extension (5) and (6), (1b) 
sternal extension, (2) median sternotomy, (3) and (4) 
flank incision for the retroperitoneal approach to the 
iliac veins 

the superior vena cava is incised, care being taken 
not to injure the right phrenic nerve, which is 
found lateral to the vein. The pericardium is 
opened longitudinally, and the superior vena cava 
can be encircled without difficulty, just cephalad 
of its junc*m with the right atrium. After median 
sternotomy, the right pleural reflection must be 
retracted toward the hilus of the lung, and a large 
thymus may have to be removed. Exposure of the 
superior vena "cava is then possible without diffi
culty. During dissection, it is best to use the easily 
identifiable brachiocephalic vein as a guide. When 
incising the pericardial sac, one must again be 
careful not to injure the phrenic nerve [12, 24]. 

II. Pulmonary Veins 

Intrapericardial injuries of the pulmonary veins 
present with the clinical picture of cardiac tampon
ade and are usually approached through a median 
sternotomy because of the suspected cardiac inju
ry. Intrapleural injuries of the pulmonary veins 
lead to an ipsilateral hematothorax which, because 
of the suspected lung injury, is usually treated us
ing an anterolateral thoracotomy in the lateral 
thoracotomy position [4]. 
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ID. Inferior Vena Cava (Fig. 27.1.4a, b) 

In an injured patient, the approach to the inferior 
vena cava should always be transperitoneally, 
through a median laparotomy. The best exposure 
of the entire inferior vena cava is obtained when 
the vessel is approached from the right side. If 
the injury is located in the infrarenal part, an inci
sion of the retroperitoneum around the cecum and 
along the base of the mesentery up to the ligament 
of Treitz and mobilization of the colon is suffi
cient. If one wants to explore the junction of the 
renal veins with the vena cava, one must also incise 
the peritoneal reflection along the ascending colon, 
the phrenocolic ligament as well as the duodeno
colic ligament, until the entire right colon is mobi
lized and can be retracted toward the left side. 
A special dissection of the testicular/ovarian ves
sels and the right ureter is not necessary. The duo
denum is mobilized with a Kocher maneuver, in
cising the peritoneum along the second portion 
of the duodenum after traction has been put on 
the liver in a cephalad direction. Duodenum and 
pancreas can now be mobilized bluntly and re
tracted medially. It is difficult to expose the supra
renal vena cava. Thoracoabdominal incisions or 
an additional sternotomy and extracorporeal cir
culation have been recommended in the literature, 
but the emergency use of these maneuvers is rarely 
possible; they represent an additional risk for the 
patient with multiple trauma [2, 15, 17, 18, 21]. 
The transdiaphragmatic intrapericardial approach 
from the abdomen, to control the inferior vena 
cava, as described by HEANEY [10] (Fig. 27.1.5), 
appears to be the quickest and simplest way of 
controlling massive bleeding from the suprarenal 
vena cava in a traumatologic emergency. The 
round ligament and the falciform ligament are 
transected, and the liver is retracted caudally. The 
triangular ligament is incised down to the suprahe
patic portion of the inferior vena cava. An L
shaped incision in the diaphragm is made, the an
gle of which is directed posterolaterally toward the 
vena cava, and the pericardium is opened on the 
left side of the vena cava. The thin pericardial re
flection can now be opened bluntly with a finger, 
along the posterior wall of the vena cava, and the 
vessel can be encircled with an appropriate clamp. 
One should not hesitate to cross-clamp the vein 
since a reversal of flow has occurred as a result 
of the massive venous injury distally. If the recon
struction takes a longer time, an intra-abdominal 
shunt can be advanced from the abdomen into 
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RIQhl kidney 

Fig. 27.1.4a, b. Exposure of the entire inferior vena cava, 
the portal vein, and the renal veins from the right. 
a Peritoneal incision of the peritoneum along the right 
colon, division of the phrenicocolic ligament and the 
duodenocolic ligament, extension of the incision around 
the cecum and along the inferior small bowel as far as 
the ligament of Treitz. b Reflection of the right colon 
toward the left and mobilization of the duodenum using 
a Kocher maneuver, retraction of the duodenum and 
the head of the pancreas to the left 
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Hepatoduodenal ligament with portal v. 

Head of pancreas 

Fig. 27.1.5. Transabdominal, transdiaphragmatic ihtra
pericardial exposure of the inferior vena. cava as de
scribed by HEANEY. Approach from below after transec
tion of the round ligament, the falciform ligament"and 
the triangular ligament. L-shaped' incision in the, dia
phragm and the pericardium. Intrapericardial encircling 
of the inferior vena cava, if needed, with an intracaval 
shunt 
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the right atrium and secured by circular bands 
which are placed below and above the liver. In 
emergency situations, a thoracostomy tube can be 
used as a shunt. Complete isolation of the liver 
from the circulation is achieved by occluding the 
hepatoduodenal ligament with a clamp (Pringle 
maneuver). The liver will tolerate normothermic 
ischemia for 30 min [5]. 

IV. Portal Vein 

The portal vein is approached in the same way 
as the middle section of the inferior vena cava, 
i.e., by mobilization of the right colon and the 
duodenum using the Kocher maneuver. The isola
tion of the portal vein in the hepatoduodenalliga
ment requires a longitudinal incision of the perito
neum on the right side of the ligament and retrac
tion of the common duct and the hepatic artery 
medially. The portal vein should be encircled as 
close to the liver as possible in order to avoid the 
branches which enter the vein from a medial direc
tion. The exposure of the retropancreatic portal 
vein remains problematic. It is not always possible 
to get sufficient exposure by medial retraction of 
the duodenum and the head of the pancreas. If 
necessary, the pancreas can be transected distal 
to its head. Mter hemostasis is achieved, the distal 
pancreas is drained into a Roux Y-Ioop and the 
proximal cut end of the pancreas is closed with 
sutures [2, 7]. 

F. Surgical Technique 

The primary purpose of all operative procedures 
in cases of venous injury is hemostasis, and secon
darily the reconstruction - if possible - of the in
jured segment of the vessel. 

I. Hemostasis 

1. Principles 

The most reliable instrument for the control of 
venous bleeding is a compressing finger. Prerequi
sites for control of bleeding are good exposure 
through a wide incision, effective suction devices, 
good light, and adequate assistance. 
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2. Tamponade 

If the source of bleeding cannot be located imme
diately, unnecessary blood loss is prevented by 
temporary tamponade with warm compresses. 
Mter the patient has been stabilized, the com
presses are removed gradually; it should then be 
possible to locate the source of bleeding and deal 
with it appropriately. Occasionally the patient can 
be saved only if the surgeon abandons the search 
for the bleeding point. In such desperate cases, 
the patient can be saved from exsanguination only 
by extensive tamponade. Tamponade in these cases 
is surely better than exsanguination. Even though 
tamponade should not be the primary aim during 
exploration for massive venous hemorrhage, it oc
casionally presents the only solution, and the sur
geon is wise to keep it in mind for extreme situa
tions. It is most easily done with several meters 
of wide impregnated gauze, the ends of which are 
passed through the abdominal wall to the outside. 
Mter the hemodynamic situation has stabilized for 
several days, the tampon is removed stepwise. 

3. Ligature 

While tamponade is usually unsatisfactory, liga
ture represents a safe method for hemostasis. One 
should, however, know how ligature of the differ
ent venous section is tolerated [28]. 

aJ Tolerance to Ligature. Small veins can be ligated 
without hesitation. However, the main veins proxi
mal to the elbow joint and the knee joint should 
be reconstructed as long as there are no life-threat
ening concomitant injuries which make a recon
struction impossible. Ligature of the brachioce
phalic vein, as well as one internal jugular vein 
is tolerated without sequela. Ligature of the supe
rior vena cava leads to the superior vena cava syn
drome but is compatible with life because a collat
eral circulation over the inferior vena cava devel
ops. Ligature of the pelvic vein does not necessari
ly lead to post-thrombotic changes if the distal 
venous bed is unaltered. The same holds true for 
ligature of the infrarenal vena cava. 

Ligature of the suprarenal vena cava, however, 
is problematic. If the left kidney is functional, usu
ally only a temporary renal insufficiency with the 
need for dialysis results because the necessary ve
nous drainage from the left kidney occurs over 
the extensive preformed collaterals. Ligature of 
branches of the hepatic veins should be followed 
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by resection of the corresponding liver segments. 
Ligature of the suprahepatic vena cava is not com
patible with life. If, for technical reasons, surgical 
reconstruction in this difficult-to-expose area is 
not possible, extensive tamponade is preferable to 
ligature performed out of desperation. Ligature of 
the inferior mesenteric vein as well as the splenic 
vein is tolerated without difficulty. Ligature of the 
superior mesenteric vein is possible if the tempo
rary hypovolemia which results from the pooling 
of large amounts of blood in the portal drainage 
area is corrected by volume substitution. Ligature 
of the portal vein is controversial. An emergency 
portosystemic shunt with distal ligature of the por
tal vein within the first 48 h leads to severe ence
phalopathy in patients without portal hyperten
sion. Recently, successful ligation of the portal 
vein without a shunt has been described. The main 
problem here is the sequestration of blood in the 
portal drainage area during the first 72 h, which 
can be compensated with massive transfusion 
guided by the central venous pressure and the pul
monary artery pressure [2, 7, 26]. 

Even though ligation of any major vein - except 
the suprahepatic and, in most cases, the suprarenal 
vena cava - is compatible with life, it should be 
emphasized again that a reconstruction should al
ways be attempted. 

b) Technique. The following technical principles 
should be observed when ligating large veins: 

Incorrect Correct 

Fig. 27.1.6. Principle of ligation of large veins. To avoid 
stasis. ligatures are placed proximally and distally as 
close as possible to the next branch 

K.H. GANGER and A. SENN 

Proximal and distal thrombectomy should be 
done prior to ligation to allow for optimal collater
alization. 

The proximal ligature should be placed as close 
as possible to the next branch and the distal liga
ture as close as possible to the last branch, to avoid 
the danger of stasis, thrombosis, and embolism 
[28] (Fig. 27.1.6). 

ll. Reconstruction 

Sufficient exposure of the vascular lesion prior to 
any attempt at reconstruction is essential. The de
cision on which method to use can, therefore, only 
be made after temporary hemostasis has been 
achieved. Three methods are possible: simple su
ture, patch graft, and reconstruction with a graft. 

Absence of tension and free inflow and outflow 
are essential for successful reconstruction. The ab
sence of tension is assured by choosing the appro
priate method, and free inflow and outflow is se
cured by the use of a balloon catheter prior to 
completion of the reconstruction. 

1. Direct Suture 

Most injuries of veins, especially penetrating and 
intraoperative lesions, can be dealt with by direct 
suture. Small lacerations can be sutured under 
finger compression, with 4-0 or 5-0 atraumatic 
nonabsorbable monofilament suture material. De
pending on the extent of the injury, interrupted 
sutures, U-sutures, or a continuous suture are 
used. A narrowing of the lumen up to 50% can 
be tolerated. If it is possible to encircle the injured 
vein segment from behind with the finger and the 
finger is lifted slightly, thereby achieving hemosta
sis, then the suture can be done under vision rather 
than under finger compression (Fig. 27.1.7b). If 
control cannot be achieved digitally, a tangential 
atraumatic vascular clamp can be used 
(Fig. 27.1.7c). Vascular clamps must be used very 
sparingly and cautiously in venous surgery, as their 
uncontrolled use can lead to an enlargement of 
the laceration. Furthermore, placement of a tan
gential clamp is dependent on good mobilization 
of the venous segment. Instead of using clamps, 
one can achieve hemostasis by compressing the 
vein proximal and distal to the lesion with a 
sponge held in place by an assistant. Hemostasis, 
however, is rarely complete, owing to the rich col-
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Fig. 27.1.7 a-e. Technique of direct venous suture. a Tech
nique of direct suture under finger pressure. b Technique 
of venous sutures with finger pressure from behind. 
c Temporary hemostasis for the tangential placement 
of a clamp with direct suture. d Temporary hemostasis 
by combination of finger compression and proximal 
distal compression with sponges. e Transcaval suture tech
nique with digital compression and compression with 
sponges for suture of lacerations of the posterior wall 

laterals, especially of the vena cava. If, in addition, 
the index and middle finger are placed on both 
sides of the vena cava, the lumbar veins, which 
empty dorsally, can be controlled and the lacera
tion can be sutured under vision (Fig. 27.1.7 d). 
The suture of a defect in the posterior wall is more 
complicated. The vena cava is fixed in place by 
a rich net of collaterals and cannot be freed with
out time- and blood-consuming dissection. There
fore, since the laceration of the posterior wall is 
usually associated with lesions in the anterior wall, 
access to the posterior wall can, if necessary, be 
gained by enlarging the opening in the anterior 
wall (Fig. 27.1. 7 e). The combination of proximal 
and distal control of blood flow by compression 
with sponges as well as by digital compression 
achieves the temporary hemostasis necessary to 
deal with these through-and-through injuries. 
Long catheters, inserted either directly through the 
defect or from the periphery, can also effect tem
porary hemostasis and thereby produce appro
priate conditions for reconstruction [16, 24, 28]. 
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2. Patch Graft 

Direct suture will lead to a narrowing of the lumen 
if large lacerations with a tissue defect are present. 
If, in such cases, the narrowing would be over 
50%, a patch graft is indicated. A segment of the 
saphenous vein, preferably from the distal calf, is 
the material of choice. As second choice, one may 
use artificial material, i.e., a PTFE patch. The tai
loring and sewing of the patch follows the usual 
vascular technique. 

3. Reconstruction Using a Graft 

In contrast to arterial reconstruction, placement 
of a graft in the low pressure system is considered 
the least favorable method of reconstruction. Be
fore it is applied, one must weigh the additional 
surgical effort and the uncertain prognosis against 
the risk of simple, careful ligature of the vein. Only 
if ligature of an injured vein is likely to have life
threatening complications, as is the case with the 
renal and suprahepatic segments of the inferior 
vena cava or the portal vein, reconstruction with 
autogenous vein or alloplastic material is justified. 

a) Autogenous Vein Grafts. Because no autogenous 
veins with a wide enough lumen are available, the 
surgeon has to fashion the graft by combining two 
segments of saphenous vein (Fig. 27.1.8). An addi-

Fig. 27.1.S. Construction of a venous graft with a large 
lumen. Two segments of saphenous vein are split longitu
dinally and sutured together after the valves have been 
excised 

Common temoral v 
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Fig. 27.1.9. Repair of a defect of an iliac vein with au
togenous vein or prosthetic material 

tional incision, in the thigh, involving appropriate 
preparation and draping, is the disadvantage of 
this method. Therefore, synthetic material is fre
quently used in emergency situations, even though 
the results with autogenous material are superior 
(Fig. 27.1.9). 

b) Synthetic Graft. Various materials, such as Dac
ron, velour, and PTFE, have been used as grafts. 
Recently, synthetic graft material reinforced by 
plastic rings has become available, eliminating the 
risk of a postoperative occlusion due to collapse 
of the graft. If there is no contamination of the 
operating field, the use of reinforced PTFE pros
theses seems to be justified. 
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Fig. 27.1.10. Placement of a protective arteriovenous 
fistula after implantation of a synthetic prosthesis in the 
common iliac vein. End-to-side anastomosis of a branch 
of the saphenous vein to the superficial femoral artery 

c) Protective Arteriovenous Fistula. After interpo
sition of a graft, especially at the level of the iliac 
vein, the additional construction of a protective 
arteriovenous fistula between a branch of the fem
oral vein and the superficial femoral artery is rec
ommended (Fig. 27.1.10) (see p. 723). 

G. Postoperative Complications 

The postoperative complications following injuries 
to the veins are basically the same as after all vas
cular surgical interventions. After multiple trauma, 
they are often the consequences of concomitant 
injuries. Specific vascular surgical complications 
include bleeding, thrombosis, embolus, and infec
tion. In the case of bleeding and large retroperito
neal hematomas, the patient should be operated 
on promptly and the hematoma evacuated as soon 
as the general condition permits. If the hematoma 
is left in place, complications, e.g., thrombosis as 
a result of compression and infection, are likely. 
During the first operation a drain should be placed 
prophylactically in the retroperitoneal space. Post-
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operative thrombosis of the reconstructed vein 
does not in itself represent an indication for re
operation, because in most cases an adequate col
lateral circulation will have developed. Anticoagu
lation, however, can prevent the development of 
a mural thrombus and other thromboembolic 
complications. Posttraumatic arteriovenous fistu
las occur as a result of simultaneous injury to an 
artery and vein and have been dealt with in 
Chap. 13 (see p. 251). 

H. Prognosis 

The success of the surgical treatment of venous 
injuries depends on a quick and sufficient hemo
stasis as well as on the magnitude of the concomi
tant injuries. One must therefore be careful when 
comparing the results of different authors. It is 
estimated that approximately half of all trauma
tized patients who have sustained a penetrating 
injury of the large veins will exsanguinate before 
reaching the hospital. The mortality of patients 
who reach the hospital alive ranges from 40% to 
60% [17, 18]. The chance of survival is directly 
dependent on the time elapsed between injury and 
treatment. In patients with injuries to the venous 
system, mortality has remained 50% over the last 
few decades. Reports involving small numbers of 
patients sometimes give the false impression of an 
improvement; but that is because injuries to the 
mesenteric veins are included, for which the prog
nosis is much more favorable [26]. The prognosis 
of iatrogenic injuries, especially intraoperative lac
erations, is of course much more favorable since 
they can be treated without delay and concomitant 
injuries are not present. 

Venous injuries remain a challenge for the skill, 
experience, and diligence of the surgeon. Not only 
vascular surgeons, but all surgeons should be fa
miliar with the principles of their treatment. 
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A. Anatomy 

See Chap. 2 for general anatomy and Sect. A.I. 
of Chap. 27.3: for anatomy of acute venous occlu
sion. 

B. Indications and Preoperative Work-up 

The following pathophysiologic aspects should be 
kept in mind from the outset: With the patient 
standing, blood stagnates completely in varices. 
This has been proven through measurement of 
flow and venous pressure [4, 11, 12]. During move
ment, it is pushed forward, i.e., proximally, for 
short distances, then rushes distally again (blow
down), flowing through the incompetent perforat
ing veins into the deep venous system (blow-in) 
(Fig. 27.2.1 a, b). In patients with severe and long
standing varicose veins, therefore, the deep venous 
system is overloaded. Because they are measurably 
enlarged, one must regard primary varicose veins 
as a mixed venous disease. The aim of every opera
tive intervention is the complete elimination of the 
blow-down. Ligation of the incompetent perforat
ing veins is necessary since blow-out will increase 
once blow-down has been abolished (see Chap. 27.4) 
(Fig. 27.2.2a, b). 

One can distinguish between simple and com
plicated varicose veins. Patients who have no 
symptoms, except an occasional feeling of heavi
ness, have uncomplicated varicose veins which rep
resent a relative indication for surgery: 

1. For cosmetic reasons, 
2. Because of complaints (feeling of heaviness), 
3. For prophylactic reasons to decrease the risk 

of thromboembolic complications prior to 
other operations (operations on the hip joint). 

An absolute indication for surgery is present in 
patients whose varices have led to one or more 
of the following complications: 
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Stasis at rest Blow-down during movement 

t 
a~ ___ 

Fig. 27.2.1a, b. Primary varicose veins. a Because of 
the incompetence of the superficial veins, the blow-down 
is increased during movement. b Because of the increased 
venous filling, the perforating veins become incompe-

Occlusion effect 

Blow-down is abolished but blow-out increases 

+8 
0-
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Fig. 27.2.2a, b. Primary varicose veins postoperatively, 
simulated by occlusion. a The blow-down is eliminated 
by occlusion. b At the junction with the incompetent 

1. Bleeding of the varicose veins, 
2. Superficial thrombophlebitis (subsided), 
3. Eczema, 
4. Infiltration, induration, and stasis, 
5. Venostasis ulcers. 

t 

b 
tent. During systole, there is a backflow of venous blood 
into the superficial system. Nevertheless, the blow-in 
during diastole is stronger than the blow-out during sys
tole 

t 
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perforating veins, the flow is reversed. The blow-out is 
now stronger than the blow-in 

I. Relative Contraindications 

The relative contraindications are: 

1. Severe concomitant disease, 
2. Patient confined to bed, 
3. Recent febrile or purulent disease in the pa

tient's environment, 
4. Pregnancy, 
5. Combination with other operations, i.e., her

niorrhaphies, 
6. Obesity (danger of recurrence), 
7. Nocturnal "charley horses" (these are never 

caused by varicose veins) . 
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II. Absolute Contraindications 

1. Competent main venous trunks: a prophy
lactic operation cannot be justified in view of the 
importance of the veins as a source of graft materi
al. 

2. Peripheral arterial disease: in patients with 
peripheral arterial disease, the complaints are of
ten falsely attributed to incidentally present vari
cose veins. If a well-collateralized arterial occlu
sion and venostasis ulcers are present at the same 
time, the indication for surgery of the varicose 
veins and ligature of incompetent perforating veins 
may be forthcoming from an exact evaluation of 
the arterial tree. 

3. Post-thrombotic occlusion of the deep venous 
system: varices which serve as collaterals following 
occlusion of the deep venous system should never 
be removed. It is, therefore, mandatory that a ve
nography be done if there is a history of edema, 
phlebitis, or pleurisy following trauma, operations, 
or delivery (see p. 728). 

4. Primary and secondary lymphedema (see 
p. 785): this can be worsened by varicose vein sur
gery. One should make sure that it is possible to 
raise a crease in the skin of the toes. Objective 
evidence can also be obtained by injecting 0.4 ml 
methylene blue in the interdigital space between 
the first and second toe. This should normally col
or the lymph vessels, but results in a deep blue 
spot if lymphedema is present. 

5. Surgery is contraindicated in cases of acute 
and chronic inflammatory change. Infiltrations, 
indurations, and venostasis ulcers should be treat
ed with diligent compression for many months to 
achieve the best possible preoperative situation. 
A history of erysipelas, often combined with ve
nostasis ulcers, requires antibiotic treatment for 
6 weeks postoperatively. 

The importance of competent venous segments 
for aortocoronary bypass operations requires the 
preservation of all competent segments of the 
greater and lesser saphenous veins. Veins are also 
superior to prosthetic grafts in arterial reconstruc
tive surgery of the leg. The long-recommended 
schematic radical operation of the greater and less
er saphenous vein therefore, can, no longer be jus
tified; the preservation of competent venous seg
ments is essential. A preoperative sketch showing 
the procedures to be performed - this is shown 
to the patient - facilitates the localization of com
petent venous segments for later grafting. 
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ill. Preoperative Investigation 

1. Evaluation of arterial circulation using 
Doppler ultrasound (with foot pulse measure
ment) [6]. 

2. Exclusion of lymphedema by history and clin
ical investigation. If there is the slightest suspicion 
of lymphedema, a color test should be done (see 
p.796). 

3. Phlebography of the deep and superficial sys
tem is not essential. However, if there is the slight
est suspicion that the deep venous system is com
promised, the patency must be ascertained radio
logically. Patency of the deep veins can also be 
proven, albeit with less accuracy than with radio
logic methods, by Doppler ultrasonography and 
light reflex rheography. In the superficial system, 
venography is helpful in preventing a recurrence 
because it allows the assessment of details which 
may be overlooked during clinical examination [6, 
8,9]. 

C. Positioning 

Operations on the great saphenous vein and its 
branches are usually possible with the patient in 
a supine position; surgery on the lesser saphenous 
veins requires a prone position. Because of the 
prone position as well as the necessity for diligent 
surgical technique, general anesthesia is necessary. 

D. Surgical Technique 

I. Ligature of the Greater Saphenous Vein 
in the Groin [2, 5, 10] 

1. Surgical Technique 

A skin incision is made in the groin or two finger
breadths above it (Fig. 27.2.3a). This incision was 
recommended by BRUNNER [2] to avoid injury to 
the lymphatic vessels which collect in this area. 
In our experience, injury to these lymph vessels 
can be prevented by meticulous surgical technique. 
To demonstrate the close relationship between 
lymphatics and the greater saphenous vein, one 
can inject methylene blue underneath the skin of 
the first interdigital space. The superficial fascia 
is divided in the direction of the skin incision with 
a scalpel. Subcutaneous fat is pushed distally with 
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a 

Fig. 27.2.3a-d. Exposure of the venous junction in the 
groin. a Skin incision of the groin or two fingerbreadths 
above it. b The junction of the greater saphenous vein. 
c Variations of the saphenous junction. d Suture of the 
greater saphenous vein without compromising the lumen 
of the femoral vein 

a sponge until the first larger vein is encountered. 
This vein is followed in the direction of its junction 
with the femoral vein by blunt dissection. Since 
there are many variations in this junction 
(Fig. 27.2.3 b) and the position of the femoral vein, 
no larger vein should be ligated or grasped with 
a forceps before the location of the femoral vein 
has been ascertained by finger palpation. In addi
tion, the femoral vein should be dissected free ven
trally and medially for 1 cm. Complete dissection 
of the femoral vein should be avoided since it de
stroys the suspensory ligaments. 

Only this approach makes certain that an en
countered vein is really the greater saphenous vein. 
In addition, the direct tributaries of the femoral 
vein, i.e., the epigastric vein, which approaches 
proximally, and the pudendal veins, which ap
proach medially and are the main source of recur
rences, can be identified and ligated. A variation 
that is especially dangerous is the deep junction 
of the femoral and greater saphenous vein, ap
proximately 3-4 fingerbreadths distal to the junc
tion of the smaller veins (Fig. 27.2.3c). For exam
pie: the surgeon finds the venous junction, but 
not the greater saphenous vein, and tries to insert 
the stripper from the ankle proximally. It can be 
advanced effortlessly into the deep vein which is 
then erroneously ligated. 

d 

c 
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Medial accessory 
saphenous v. 
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After the incision of the fascia, one often finds 
a large venous aneurysm. This aneurysm should 
have been diagnosed prior to the operation with 
the patient standing up, and it must be differentiat
ed from a femoral hernia. This aneurysm usually 
has a very thin wall and is dissected bluntly along 
the venous wall. The neck of the aneurysm is usu
ally very short and has to be freed from the ventral 
and medial part of the femoral vein prior to liga
ture. 

If a femoral hernia is present, it is taken care 
of prior to ligation of the greater saphenous vein. 
After the anatomic situation has been clarified 
completely, the greater saphenous vein is tran
sected between clamps, approximately 2 cm distal 
to the junction (Fig. 27.2.3d). Leaving the stump 
long facilitates the next step of the operation. The 
branches which join the femoral artery directly can 
be ligated easily. The distal ends of these branches 
are not ligated if they are not too large in caliber. 
Usually they can be pulled out for 1~15 cm and 
evulsed. 

Not infrequently, a large lateral branch is en
countered. It is followed with a small stripper 
down to the region lateral to the knee joint and 
is stripped out through a small stab wound. The 
constant medial side branch joins the greater sa
phenous vein approximately 4 cm distal to the sa
phenous junction. It is followed until its branches 
can be pulled out. Not infrequently, this vein con
tinues as the so-called femoropopliteal vein or 
vena Giacomini, curving toward the medial side 
of the thigh to the lesser saphenous vein in the 
popliteal fossa. The stripper is advanced down to 
this vein, and the whole system is stripped. 

Ligation of the greater saphenous vein is always 
done by suture ligature to eliminate the possibility 
of slipping. Also, a narrowing of the lumen of 
the deep vein occurs not infrequently if a simple 
suture is placed around the lesser saphenous vein 
close to the junction. 

2. Complications 

a) Lymphatic Fistula, Lymphoceles. If a lymphatic 
vessel is injured, a lymphatic fistula with a point 
exit, for example in the groin, may develop. Up 
to 100 mllymph may empty every day. Compres
sion treatment is advisable. If this is not successful, 
the lymph vessel is ligated. If the lymph cannot 
escape through the skin after injury, it collects and 
forms a lymphocele with a size of up to 10~ 
200 ml. This lymphocele should be aspirated and 
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afterward compression should be applied. This 
treatment must be continued over several months 
but will eventually lead to the disappearance of 
the lymphocele [2]. 

b) Small Tear in the Deep Femoral Vein. This can 
be controlled easily as described by FISCHER [5]. 
The remnant of the small vessel should be twisted 
with a clamp; this leads to immediate hemostasis. 
An atraumatic suture will close the tear. 

c) Larger Lacerations of the Femoral Vein. The 
femoral vein is a large and important vessel which 
should never, under any circumstances, be nar
rowed, or even ligated. A large number of tragic 
incidents are the result of the fact that varices are 
operated on in small institutions, even on an out
patient basis, and under local anesthesia. If the 
common femoral vein is injured, the operative field 
is flooded with dark blood; clamping blindly will 
injure the venous wall further, or even the artery. 
When a large laceration is present, the following 
procedure should be adhered to: 

1. Do not use clamps, hemostasis can always be 
obtained with compression. 

2. Assure sufficient help. 
3. Put the patient in the Trendelenburg position, 

with the legs elevated. 
4. Enlarge the incision and be sure to use a suction 

device. After exposure of the defect, the stump 
of the saphenous vein can be twisted. 

5. Dissect the artery and retract it laterally. The 
lacerated and compressed vein should be ig
nored for the moment; the artery is dissected 
free, encircled, and retracted laterally out the 
danger zone. 

6. Expose the deep vein. 

While hemostasis is obtained by means of a 
sponge, the vein can be dissected free proximally 
and distally. The assistant compresses the vein 
proximally and distally with the finger, suction will 
then allow a clear view. If the defect is closed with 
a running vascular suture, the problem is solved. 
However, if a complex and severe injury to the 
femoral vein occurs in a hospital where there are 
neither vascular instruments nor a surgeon skilled 
in vascular surgical technique, the following course 
of action is mandatory. No further surgical proce
dures should be attempted under inadequate 
working conditions. In every case, venous bleeding 
can be stopped by compression, which can be 
maintained with a bandage around the hip joint 
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and the groin in a crosswise fashion. The patient 
is transferred, accompanied by the surgeon to a 
specialized hospital, which has been informed be
forehand by phone. The courts have held that an 
injury to the femoral vein, or even an injury to 
the femoral artery is inconsequential for the sur
geon if arrangements are made for appropriate 
transport of the patient to the specialized hospital 
without delay. A surgeon skilled in vascular sur
gery can then dissect the proximal and distal end 
of the femoral vein while hemostasis is maintained 
by digital compression. Up to this point, the use 
of clamps is contraindicated, because they could 
destroy the paper-thin venous wall. After the de
fect has been exposed, Fogarty hydrogrip clamps 
can be applied. In the most favorable situations, 
a direct linear vascular suture is sufficient. In most 
other cases, the defect can be closed with a vein 
patch. If this is not possible, a graft, fashioned 
from two pieces of saphenous vein, should be in
terposed. 

II. Resection of the Greater Saphenous Vein 
and Its Branches 

1. Preliminary Remarks 

Stripping of the main vein and its long branches 
must be considered the safest method of removing 
varicose veins. The combination of surgery plus 
sclerosing, scraping of the intima with special in
struments, destruction of the intima by fulgura
tion, multiple percutaneous ligatures, etc. have not 
stood the test of time. However, one should keep 
the following points in mind. 

Variceal changes of the main trunk of the 
greater and lesser saphenous vein progress from 
proximal to distal. One should, therefore, deter
mine in each case whether the distal part of the 
vein can be saved. This can be done by Doppler 
ultrasonography, but more precisely by venogra
phy. According to the proposal of HACH [6], we 
grade the varicose changes of the greater saphen
ous vein in four groups (Fig. 27.2.4). Varicose 
changes end, depending on their grade, immediate
ly at the juncture with a large side branch or an 
incompetent vein. HACH has called this" the distal 
point of insufficiency." If one saves the distal func
tioning part of the vein, it usually remains func
tional and does not take part in the general pro
gression of the varicosities. 
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Fig. 27.2.4. Classification of varicose veins in the region 
of the greater saphenous vein 

In rare cases, the greater saphenous vein does 
not become incompetent at the level of groin, but 
further distally, immediately distal to the juncture 
of an incompetent perforating vein (distal insuffi
ciency). 

In this case, the starting point of the insuffi
ciency is moved away from the groin distally, but 
it has been shown that the proximal part of the 
saphenous system always becomes incompetent 
later, therefore, it does not make any sense to save 
it. The competent greater saphenous vein is, there
fore, also removed from the groin to the proximal 
point of insufficiency. The incompetent perforat
ing veins must be ligated under all circumstances; 
the remaining varicose greater saphenous vein is 
stripped. 

2. Removal of the Varicose Greater 
Saphenous Vein and Its Branches [4, 10] 

The day before surgery, the varicose vein and its 
branches are marked with a pen, with the patient 
standing up. The incompetent perforating veins, 
which can be suspected by bUlging and a palpable 
defect in the fascia, are marked by rings or arrows. 
When a venography has been done, the markings 
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on the legs of the patient are done according to 
the radiologic picture. During venography, the 
most important perforating veins can be exactly 
localized. We call these "key perforating veins. " 
Usually one encounters two or three key perforat
ing veins the ligating of which is crucial for the 
success of the procedure. 

a) Side Branches. If varicose changes are present, 
these branches should be removed surgically as 
radically as possible, to limit later sclerosing thera
py to small branches. For this purpose, we use 
small incisions (up to 15). With an anatomic dis
secting clamp, the tip of which has longitudinal 
and transverse grooves, the convoluted varices can 
easily be removed by twisting (e.g., Rochester Car
malt, 16 cm, BH 801, Aesculap). 

The distal end does not have to be ligated but 
must be compressed for 10 min. 

b) Dissection of the Distal Greater Saphenous Vein. 
Investigations have shown that the greater saphen
ous vein should be dissected in the middle of the 
forefoot, as described by FISCHER [5], rather than 
through the commonly used incision at the level 
of the ankle (Fig. 27.2.5). Lymphatic vessels are 
not disturbed and the cosmetic result is better. At 
the tip of the arch between the inner and dorsal 
part of the foot, the vein can easily be marked 
preoperatively. A longitudinal incision, long en
ough to accept the tip of the stripper, is performed, 
and the vein with its branches at this point is dis
sected free. The distal end is ligated and transected. 
Proximal to the branch, a venotomy is made, and 
the stripper is inserted. It is important that the 
accompanying nerve be carefully dissected away. 

Fig. 27.2.5. Incision for exposure of the distal greater 
saphenous vein 
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c) Insertion of the Stripper. The stripper is usually 
made of plastic material and has an olive at each 
end. Proximally, a handle for extraction and dis
tally, a tip of the appropriate size, depending on 
the diameter of the varicose veins, can be attached. 

After the venotomy is made, the olive is intro
duced, and the stripper is advanced through the 
tortuous vein, guided by palpation through the 
skin. If the vein is not occluded, it can be advanced 
up into the groin, where the olive can be palpated. 
If the greater saphenous vein is only partially 
open, an elastic resistance prevents further ad
vancement. In this case, the stripping distance has 
to be diminished and one proceeds stepwise. 

d) Dissection of the Proximal Stripping Point. This 
is done as described for the exposure of the greater 
saphenous vein in the groin (see p. 701). If the 
probe is palpated at this point and the venous 
structures have been identified, a venotomy is 
made just distal to the junction with the femoral 
vein, and the stripper is pulled out. The saphenous 
vein is then transected and the small veins are re
moved as described earlier (see p. 701). 

e) The Stripping Procedure. The stripping is done 
from distal to proximal. For this reason, the ap
propriate stripper head is attached distally and the 
handle for extraction proximally. If the extraction 
of the veins is done slowly, injuries to the cutane
ous nerve are rare. These injuries can be further 
diminished if a stripper head is chosen that will 
not remove subcutaneous tissue. 

The stripper is pulled out carefully and step
wise. As soon as a side branch is encountered, 
a small incision is made, and it is pulled out with 
a long, narrow, curved forceps. The stripping is 
then continued. The stripped varices are checked 
for completeness. If some vessels remain, they are 
removed through small stab wounds afterward. 

ill. Resection of the Lesser Saphenous Vein 

1. Preliminary Remarks 

During the last few years, the opinion of French 
surgeons that the lesser saphenous vein should be 
removed together with the greater saphenous vein 
has steadily gained ground. Indeed, the medial 
branches of the greater saphenous vein nearly al
ways connect with the lesser saphenous vein. If 
there are only minimal varicose changes, the prob-
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36,7% 20,25% 12,67% 

lem of removal is solved more safely if they are 
pulled from both sides. Late results of this com
bined operation are definitely better. Furthermore, 
we know from experience that patients who pres
ent with a varicose greater saphenous vein, but 
whose lesser saphenous vein is still sufficient at 
that time, develop varicosity of the latter vein 
within several years. Nevertheless, today it is no 
longer permissible to remove a competent vein 
which might be used as a graft. We inform the 
patient of this situation in order to explain the 
necessity of the second operation. Another ques
tion is whether the lesser saphenous vein should 
be partially removed. The lesser saphenous vein 
is composed of two parts: the lower part runs sub
cutaneously, the upper part is located beneath the 
fascia but does not (as always reported and as 
one would expect) influence the extension of the 
varicose changes. Often, there are severe varicosit
ies in the upper part down to the incompetent and 
often multiple perforating veins, which empty into 
the vv. gastrocnemiae (May's perforating veins). 
In these cases, it is superfluous to resect the lower 
competent part. This part can be used for an aor
tocoronary bypass. Varicose changes of the greater 
and lesser saphenous vein develop, related to the 
pressure gradient from proximal to distal. If the 
upper part of these varicose changes is ligated cor
rectly, i.e., immediately at the junction of a deep 
vein, and the remaining segments, including the 
perforating veins which are always the end point 
of the resection, are removed, the competent distal 
segments of the greater and lesser saphenous vein 
remain functional for the rest of the patient's life. 
It is furthermore very important to know how 
many variations there can be in the site where the 
lesser saphenous vein empties into the popliteal 
vein: 
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11,39% 10,12% 6,34% 

Fig. 27.2.6. Anatomic variations of the junction of the 
lesser saphenous vein, with frequency in percentages 

Most anatomy books say that the lesser saphen
ous vein empties into the popliteal vein at the level 
of the knee joint. This is not true. On the basis 
of 1000 venographies, we have described six varia
tions (Fig. 27.2.6). If one ligates the lesser saphen
ous vein at the level of the knee joint, one leaves 
a stump which will frequently lead to recurrence. 

The reason for this recurrence is that just distal 
to where the lesser saphenous vein empties into 
the popliteal vein, it gives off a small branch that 
is known to physicians as the femoropopliteal vein 
(Fig. 27.2.7). 

If this branch is not ligated, the same sequela 
occurs as in the case where a small venous branch 
remains following ligation of the great saphenous 
vein in the groin. Owing to the pressure from prox
imal, i.e., the blow-down, an ugly varicose vein 
will appear in the popliteal fossa. This explains 
why the follow-up after ligation of the lesser sa
phenous vein reveals a recurrence rate of 25%. 

The name femoropopliteal vein is surely incor
rect. This vein never connects the femoral vein 
with the popliteal vein. If the valve is functioning, 
it is simply a high side-branch of the lesser saphen
ous vein that connects via a perforating vein with 
the deep venous system in the mid-thigh region 
or below the gluteal fold. The vein can also curve 
along the inside of the thigh and join the greater 
saphenous vein. The postmedial branch of the 
greater saphenous vein then connects directly to 
the lesser saphenous vein. This vein is called vein 
of Giacomini [5, 10]. 
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Fig. 27.2.7a-d. The most common types 
of femoropopliteai vein 

2. Roentgenologic Visualization of the 
Junction of the Lesser Saphenous Vein 

This is a simple procedure which every surgeon 
must be able to perform. With the patient in the 
lateral position, any enlarged branch of the sa
phenous system is punctured. During the injection, 
the operating table is lowered slightly so that the 
junction can be visualized under fluoroscopic con
trol and documented. As the injection continues, 
the foot of the X-ray table is lowered, allowing 
the distal portion of the lesser saphenous system 
to be visualized. Because of the different degree 
of venous filling, the junction should be document
ed with at least two or three films [3] . 

3. Summary of Guidelines for Ligation 
of the Lesser Saphenous Vein 

1. Ligation of the lesser saphenous vein is cor
rect only if the junction of the ever-present femoro
popliteal vein is also resected. 

2. Even if the femoropopliteal vein is not visual
ized during venography, because of incompetent 
valves, it nevertheless must be ligated. 

3. If the femoropopliteal vein empties into an 
incompetent perforating vein at the mid-thigh level 
or below the gluteal fold, this perforating vein 
must be ligated. If it is small, it can also be evulsed. 
This junction is seen best when the patient is stand
ing up, because the vein may disappear into the 
depth of the tissue. 
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4. If a vein can be probed with a stripper, it 
should be removed. This is especially true for the 
vein of Giacomini. 

5. If the entire lesser saphenous vein is incompe
tent, the distal part, between the lateral ankle and 
the Achilles tendon, is clearly visible and easily 
marked with the patient standing up. 

4. Positioning and Exposure 
Prior to the operation, the lesser saphenous vein 
is located and marked in the popliteal fossa. This 
is easily done by having the patient stand and then 
bend the knee slightly. For the operation, we prefer 
the prone position. We begin with a 2 cm incision 
at the site previously marked in the popliteal fossa 
(Fig. 27.2.8). The fascia is opened transversely, the 
vein is grasped between two clamps, and the proxi
mal end is put under tension and ligated proximal 
to the junction of the femoropopliteal vein. If the 
vein empties into the deeper system higher than 
normal, it is exposed first in the popliteal fossa. 
From the X-ray picture, the junction has been 
measured and marked on the skin. Pulling on the 
proximal stump allows a very small skin incision 
at the correct level. The proximal stump is pushed 
up to the second incision and put under tension. 
Without this second step, the incision will be sig
nificantly longer, and therefore cosmetically unfa
vorable, because the popliteal vein and its junction 
with the lesser saphenous vein is located deeper 
in the tissue at this point. The popliteal vein can 
be clearly visualized only in very slim patients. 
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Fig. 27.2.8. Skin incision for the resection of the lesser 
saphenous vein 

Nevertheless, one should be careful not to en
croach on its lumen by pulling on the proximal 
stump of the lesser saphenous vein. The common 
mistake is to ligate the lesser saphenous vein too 
far distally. 

5. Stripping of the Lesser Saphenous Vein 

After the lesser saphenous vein has been ligated, 
the distal stump of the vein is probed. The stripper 
is inserted down to the previously marked incom
petent perforating vein. At this point a skin inci
sion of only ca. 6 mm is needed to bring the strip
per out and to ligate the perforating vein and the 
distal stump. The fascial defect in the popliteal 
fossa is closed with aU-stitch. 

If the lesser saphenous vein is incompetent over 
its entire length, the stripper will advance effort
lessly down to the ankle region. Here, too, owing 
to the palpability of the stripper and the presence 
of a preoperative marking, only a smalliongitudi
nal skin incision is required. The sural nerve, lying 
close beside the vein, must be dissected away with 
great care. At the level of the distal ligature of 
the lesser saphenous vein, one frequently en
counters a branch extending across the ankle; be
cause this branch can be difficult to sclerose, it 
should be removed through a small stab wound. 
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If it is difficult to advance the stripper from a 
distal direction during total stripping of the lesser 
saphenous vein, one can first expose the distal part 
of the vein and then advance the stripper proxi
mally. The lesser saphenous vein, however, is al
ways stripped from proximal to distal, to avoid 
injury to the sural nerve. 

IV. Ligature of Incompetent Perforating Veins 

The necessity of legating incompetent perforating 
veins has been repeatedly discussed. If one keeps 
in mind the principles of venous circulation ac
cording to BJORDAL [1], which were described at 
the outset of this chapter, it is just as wrong to 
ligate all radiologically visible perforating veins as 
it is to abandon any attempt to ligate these veins. 
Experience shows that only those incompetent per
forating veins should be ligated that are explicitly 
singled out and are radiologically significant. The 
ligation should be done subfascially. The defect 
in the fascia should be closed with aU-suture. 
The more distal the perforating vein is situated, 
the more important is its exclusion. In the lower 
leg, we ligate only those perforating veins which 
are especially large or which are located at the 
transition from a competent to an incompetent ve
nous segment. In most cases, the ligature of two 
or three perforating veins is sufficient [13]. 

The technique is described in the chapter on 
post-thrombotic syndrome (see p. 731). 

V. Surgery of Varicose Veins of the Inner 
and Outer Ankle Region 

These varicose veins pose a special problem. They 
are not removed during the usual stripping proce
dure. Even though they are not very thick, they 
are difficult to sclerose, and are cosmetically dis
turbing for many patients. The failure of sclero
therapy is explained by the fact that these varices 
always have their origin in perforating veins 
(Fig. 27.2.9a, b). 

Direction of flow in these perforating veins is, 
even under physiologic conditions, completely dif
ferent from those of the leg. In the foot and also 
in the region of the inner and outer ankle, blood 
flows from the deep to the superficial veins during 
weight bearing. Therefore, the superficial veins of 
the foot, including the distal ends of the greater 
and lesser saphenous vein, are under more stress 
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Fig. 27.2.9a, b. Varicose veins in the region of the ankle 
(perforating veins of Kuster). Localization is facilitated 
by the use of a system of coordinates with a zero point 
at the internal medial or lateral malleolus. a Lateral mal
leolus. b Medial malleolus 

than they would be if they only had to drain blood 
from the skin and subcutaneous tissue. This be
comes obvious if one of the perforating veins is 
evulsed. The brisk hemorrhage is impressive, even 
if the perforating vein is obviously competent. 
These perforating veins are often without a valve, 
or have only one valve, which directs the blood 
flow toward the surface. Therefore, the following 
therapy is necessary. 

The perforating veins must be ligated. With the 
patient standing up, the veins are marked. Veno
graphy is not necessary. The anatomy of the per
forating veins is for the most part constant. Usual
ly, only from one to three branches exhibit vari
cosities, which means that at most three perforat
ing veins have to be ligated. In order to keep a 
complete and precise record, we use the diagram 
and the grading system proposed by KUSTER, LOF

GREN, and HOLLINSHEAD. We have suggested call
ing these perforating veins the "perforating veins 
of Kuster" . Exposure of these perforating veins 
is done with the same instruments used for the 
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dissection of lymphatic vessels. We carry out the 
dissection under magnification. 

Resection of Varicose Veins on the Dorsum of 
the Foot. Varicose veins of the dorsum of the foot 
are removed only under special circumstances, us
ing very fine instruments. The skin incisions have 
to be longitudinal in order not to injure the lym
phatic vessels. Careful compression with foam rub
ber prevents hematoma formation. 

VI. Recurrent Varices 

Because patients with varices have a predisposition 
to this type of vascular disease, recurrences are 
common, even if optimal surgical technique is 
used. Therefore, patients should see a phlebologist 
every 1- 2 years. In most cases, minor sclerosing 
treatments are sufficient. 

Surgical intervention is indicated under the fol
lowing circumstances: elimination of the blow
down in recurrent varices that originate from the 
groin, i.e., from the stump of the greater saphen
ous vein or directly from the femoral vein; elimina
tion of the blow-down in the region of the popli
teal vein; elimination of the blow-out, i.e., varicose 
veins that originate from the bigger incompetent 
perforating veins. 

After these surgical interventions, remaining 
varicose veins can be easily sclerosed. 

1. Operative Approach in Groin Recurrences [10] 

Occasionally, recurrence results when the greater 
saphenous vein has not been ligated precisely at 
the level of the femoral vein. However, the recur-

Fig. 27.2.10. Surgical approaches in recurrent varicose 
veins of the groin 
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rence usually originates from a superficial epigas
tric vein that has not been ligated and therefore 
continues to empty directly into the femoral vein, 
or even more often from an overlooked external 
pudendal vein. It is very surprising how large a 
varicosity can develop out of the unresected small 
branches through the dynamics of the blow-out. 
A recurrence in the groin, however, is not always 
caused by a technical mistake during the first oper
ation. New collateral varicose veins may develop 
directly through the operation scar as a result of 
pressure from above (Fig. 27.2.10). 

a) Surgical Technique According to LI. This tech
nique consists of a wide excision at the root of 
the varicosity. We do not recommend this ap
proach. It involves extensive destruction of lym
phatic vessels, as demonstrated by the frequent de
velopment of postoperative lymphocele. In the 
scar tissue, which contains many small varices, an 
injury to the femoral vein is possible. 

b) Exposure According to LUKE (Fig. 27.2.11 a, b). 
We recommend this technique in almost every 
case. The femoral vein is dissected out in a region 
where no scars are encountered. A large transverse 
incision 2-3 fingerbreadths above the old scar is 
easily made. Once the artery has been dissected 
free, one can approach the femoral vein directly. 
Since the dissection is carried out from a lateral 
direction, it is very easily freed bluntly at its medial 
aspect. The roots of the varices are doubly ligated 
and transected. We always ignore the old scar. The 
varices, which are located distal to the old scar, 
can usually be extracted proximally with a fine 
curved forceps, or distally, with little effort. After 
the root has been ligated, bleeding is surprisingly 
minimal. 

Only when the old scar is located in the groin 
do we use the approach of JUNOD, which is techni
cally easier. Following an incision along the anteri
or border of the sartorius muscle, the artery is 
dissected free and retracted; then the femoral vein 
is exposed. 

2. Recurrence in the Popliteal Fossa 

In this case venography is indispensable. The con
trast medium injected into a superficial varicose 
vein shows that the recurrence originates from the 
stump of the lesser saphenous vein. 

Circumstances will decide whether it is neces
sary tb excise the old scar. We nearly always make 
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Fig. 27.2.11 a, b. Ligation of the basis of the recurrent 
varicose veins in the groin. a With a lateral approach, 
the femoral artery and vein are identified. b The branch 
supplying the recurrence is doubly ligated and tran
sected. In this way, one can avoid the more dangerous 
approach through the agglomeration of varices 

a new skin incision more proximally. Since the 
incision has to be of sufficient length, cosmetic 
considerations are not appropriate here. However, 
we close the wound with intercutaneous sutures. 
We have never encountered injuries to the popli
teal artery or vein. Only once did we notice an 
injury to the tibial nerve. 

Recurrence in the popliteal fossa can also origi
nate from a vein that empties directly into the pop
liteal vein independently of the lesser saphenous 
vein. This variation, which is not really rare, is 
called "popliteal fossa vein." The X-ray picture 
obtained by direct injection of the contrast materi
al into the varicose vein, guides the surgical ap
proach. 

3. Ligation of Newly Formed or Previously 
Overlooked Perforating Veins 

After radiologic localization, these veins are ligat
ed subfascially through a small transverse incision. 
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Defects in the fascia and in the skin are closed 
(see p. 731). Sclerotherapy of remaining varicose 
veins can then proceed without difficulty. 

VB. Surgery of the Venostasis Ulcers 

After normal arterial circulation has been assured, 
one can distinguish between a venostasis ulcer with 
normal deep veins and a post-thrombotic venosta
sis ulcer where the deep veins have been damaged 
by a previous thrombosis. Even though the thera
py is identical, the prognosis and postoperative 
treatment differ. A venostasis ulcer is easily man
aged, provided the deep veins are normal. The 
post-thrombotic stasis ulcer, even after optimal 
surgical therapy, requires lifelong compression 
treatment, since only the sequelae of the chroni
cally damaged vein have been treated. 

Venostasis Ulcer. Optimal treatment is surgical, be
cause it removes the cause. The treatment consists 
of three surgical measures: 

a) Removal oftM blow-down: i.e., removal of the 
radiologically localized varicose veins. 

b) Exact exposure and ligation of the incompetent 
perforating veins. 

c) In case of extensive ulcer scars, wide total resec
tion, either simultaneously or in a later proce
dure. Whether the defect is covered with a split
thickness skin graft, Reverdin grafts, or mesh 
graft is of secondary importance. 

Our Procedure. Every venostasis ulcer will heal 
under compression treatment, but recurrence must 
be expected. Only venography will determine the 
exact cause. The radiologic findings determine the 
therapy in each case: ligation of the incompetent 
perforating veins, elimination of the blow-down. 
These procedures can be done simultaneously with 
the excision and grafting of the ulcer, if necessary . 
Frequently, the X-ray pictures will show that the 
responsible incompetent perforating veins are not 
to be found beneath the ulcer. 

VIll. Surgical Correction of Primary 
Incompetent Valves 
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Primary incompetence of vein valves is so frequent 
and the complaints are so minimal that it is debat
able whether surgical correction is really justifiable 
in such cases. The decision must be made on an 
individual basis. The objective parameters do not 
always correspond to the complaints of the pa
tient. If there is a tendency toward swelling and 
a feeling of heaviness, surgical intervention can 
be considered. In the beginning we were very 
skeptical because the venous valves consist of only 
two layers of endothelium with a very thin layer 
of connective tissue in between at the base. Injury 
to the valves leads to shrinkage. Since shrinkage 
after suturing of a valve has not been observed 
in animal experiments, a plastic operation on the 
vein valves in selected cases may have a future. 
One should ..observe the classification proposed by 
SANDMANN [14]: 

Type A. Increased length of the valve leaflets 
through loss of elasticity, as described by KISTNER 

[7]. If the central venous pressure is elevated, the 
valves will collapse, and reflux will occur. 

Type B. Enlargement of the annulus of the valves 
secondary to ectasia of the vein. One can also in
clude in this group slight cases of post-thrombotic 
injury to the femoral vein with destruction of the 
valves. 

The distinction between the two groups is essential 
for the operative treatment. Only with type A does 
a valvuloplasty as described by KISTNER [7] make 
sense. In type B patients, one can take advantage 
of the fact that, even if there is a post-thrombotic 
injury of the femoral vein, the strong valve at the 
proximal end of the femoral vein remains intact. 

Preparation for Surgery. If there are varicosities 
in the distribution of the greater saphenous vein, 
these must be eliminated if the occlusion test is 
positive, as must incompetent peripheral perforat
ing veins. Many of the procedures on the deep 
veins that have now been abandoned showed posi
tive results because they were combined with other 
proven methods. The incompetence of valves can 
be demonstrated by Doppler ultrasonography 
with the Valsalva maneuver. The accuracy of 
Doppler ultrasonography is surprisingly high; 
nevertheless, we still perform retrograde pressure 
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venography in all cases. A good X-ray picture pro
vides the most exact intraoperative information 
about the status of the valves. But in view of the 
reliability of Doppler ultrasonography, we agree 
with SANDMANN [14], that venography will not be 
necessary in all cases in the future . 

Fig. 27.2.12a-d. Valvuloplasty for incompetent valves. 
a, b With 7-0 monofilament nonabsorbable suture mate
rial the medial and lateral suspensions of the valves are 
shortened; the knot lies on the outside of the vessel. 
C, d In the same manner, the valves are shortened in 
the commissure 
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1. Type A: Elongation of the Valve Edges 
with Reflux During the Valsalva Maneuver: 
Surgical Technique 

The following figures illustrate the Kistner tech
nique (quoting from SANDMANN [14]): 

"The operation should be done under regional 
anesthesia to ensure cooperation of the patient for 
the Val salva maneuver with Doppler sonography 
before and after the valve reconstruction. The fem
oral vein is dissected free over a long distance, 
including its tributaries, which are occluded with 
silicone bands. The femoral vein is then opened 
anteriorly between two stay sutures, and with the 
aid of magnification the elongated cusps of the 
valves are fixed at the posterior and anterior com
missure with 1 or 27-0 monofilament, nonabsorb
able sutures. The closure of the venotomy is done 
with the same suture material" (Fig. 27.2.12a-d). 

2. Type B: Incompetence of the Valvular 
Annulus Resulting from Ectasia of the Vein 
or Post-thrombotic Damage to the Valves 
of the Femoral Vein 

This procedure can be of importance when the 
valves are congenitally absent. Even in these cases, 
the important valve at the proximal end of the 
femoral vein is intact. 

Again, we report the surgical procedure accord
ing to SANDMANN [14]: 

Deep femoral v. Superficial lemoral v. 

Fig. 27.2.13. Transposition of the superficial femoral 
vein in the case of an incompetent valve. The functioning 
valve at the junction of the deep femoral vein stops ve
nous reflux 
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"The deep femoral vein is dissected free over a 
long distance, and the valve at its emptying point 
is localized. It is isolated from the venous circula
tion by means of a tourniquet band, and a longitu
dinal venotomy is made distal to the valve. The 
superficial femoral vein is divided and its distal 
stump anastomosed to the venotomy with 7-0 in
terrupted sutures. Its proximal stump is closed 
with a continuous suture immediately distal to the 
junction with the deep femoral vein. The proce
dure is monitored intraoperatively and postopera
tively by ultrasonography" (Fig. 27.2.13). 

Most authors report favorable late results. Our ex
perience indicates that this surgical procedure may 
withstand the test of time. 

3. Transplantation of Valve-Bearing Segments 
of the Brachial Vein 

We can only mention this procedure; owing to 
the small number of cases and the lack of late 
follow-up, no final judgment is possible. 

E. Postoperative Treatment 

Just before the skin is closed, the leg is elevated 
and hematomas are expressed. After suture of the 
skin, a compression dressing is applied, which is 
supplemented by rubber foam sheets; this dressing 
remains in place until the sutures are removed. 
After removal of the sutures, the compression 
dressing is renewed every 10 days, until all indura
tions and hematomas have disappeared. This post
operative treatment largely determines the success 
of the procedure. If necessary, sclero!:herapy can 
be done after approximately 6 weeks. 

Until the treatment has been terminated, the 
legs should always be elevated when the patient 
is lying down. 

The length of the hospital stay and whether 
the procedure can be done on an outpatient basis 
depends on the local conditions. 
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F. Complications 

I. Injury to the Nerves 
(Saphenous Nerve and Sural Nerve) 

Because of the close proximity of the nerves to 
the main venous trunks, minor loss of sensation 
cannot always be avoided. Most authors report 
that the direction of the stripping is important: 
when the stripping is done from proximal to distal, 
there is less injury to the nerves. It is important 
to note that the risk of injury to the sensory nerves 
is less if the subcutaneous fat is thick. If the cir
cumference of the calf is above 29 cm, injury to 
the nerves is hardly possible. In our experience, 
it is essential to proceed carefully. If the head of 
the stripper is so large that one also removes sub
cutaneous fat, the corresponding nerves can also 
be injured. We usually strip the greater saphenous 
vein from proximal to distal. Contrary to the re
ports of other authors, we did not find that strip
ping in the opposite direction produced any signifi
cant sensory loss. Temporary loss of sensation in 
the lower leg, up to an area the size of the palm 
of the hand, cannot always be avoided and is of 
no consequence. If one strips the lesser saphenous 
vein, the distal part of the sural nerve is endan
gered. It is again impossible to avoid some local 
loss of sensation along the lateral margin of the 
foot, but the patient will tolerate such a loss. It 
is important to inform the patient that the circula
tion is not compromised. However, when we strip 
the lesser saphenous vein, under no circumstances 
do we extract it from distal to proximal. 

ll. Lymphedema and Lymphocele 

Persistent swelling after surgery for varicose veins 
is usually caused by lymphatic problems. It is im
portant to know that the number of lymph vessels 
and their ability to compensate can vary considera
bly. BRUNNER [3] emphasizes that one should 
avoid narrow places where lymph vessels lie close 
together (Fig. 27.2.14). Some degree of damage to 
lymph vessels is unavoidable even when the opera
tion is technically flawless. Minimal damage must 
be the objective. Therefore, in every operation for 
varicose veins, from the first incision to the last, 
one should be mindful of the need to spare the 
lymph vessels, which are, of course, doubly vulner
able because they are invisible. The smallest possi-
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Fig. 27.2.14. Narrowing of the lymphatic vessels accord
ing to BRUNNER [13]. Injury in the area marked by ar
rows, including large incisions, can lead to secondary 
lymphedema 

ble incisions should be the rule. One must never 
"dig" into the subcutaneous fat. If a swelling is 
noted postoperatively, a compression dressing 
should be applied carefully until the swelling has 
completely subsided, even if this takes months. 

1. Lymphoceles in the Groin 

We occasionally observe lymphoceles in the groin 
after operating for recurrences. After the lymph
ocele has been emptied, it disappears, usually with
in a few weeks. 
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2. Lymphoceles of the Lower Leg 

These lymphoceles are rare but apparently not 
completely avoidable. We have seen such lympho
celes as far as 4 em from the nearest, very small 
incision. Performing surgery for varicose veins 800 
times a year, we see such a lymphocele about every 
2 years. 

The number has been reduced during the past 
5 years, since we ligate the distal greater saphenous 
vein only at the level of the arch of the foot. 

3. Therapy 

Therapy consists of aspiration and carefully ap
plied compression dressings. If the lymphocele is 
not diminished in size after 6 weeks, one cannot 
expect a spontaneous resolution. Total excision of 
the lymphocele is often futile. We recommend col
oring the lymphatic vessels by means of a subcuta
neous injection of methylene blue in the first and 
second interdigital space. Then 4 h later, the cyst 
is opened. If the leg is massaged, one can see the 
leak in the lymphatic vessels by the appearance 
of the blue dye. A suture ligature resolves the com
plication. 

Ill. Erysipelas 

After surgery for varicose veins, even after 2-3 
years, we see this complication not infrequently. 
It should probably be regarded as one of the late 
sequelae of an injury to the lymphatic vessels. 

IV. Thrombotic Complications 

While thrombosis following surgery on the legs 
can never be completely avoided, thrombotic com
plications after surgery for varicose veins are as
tonishingly rare. Persistent swelling as a result of 
damage to the deep veins occurs, with few excep
tions, in patients in whom this damage was already 
present preoperatively. In the varicose vein opera
tion functionally significant collateral circulation 
is removed, and, as a result, the preexisting swell
ing, which was hardly noticeable before, becomes 
much worse. The steady stream of claims for com
pensation in such cases points up the importance 
of preoperative radiologic evaluation of the deep 
veins in all doubtful cases. 
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V. Ligation or Stripping 
of the FemoropopHteal Vein 

This complication will not occur if one adheres 
to the guidelines described here for exposure of 
the greater and lesser saphenous vein. In addition, 
the stripper should always be advanced through 
the greater saphenous vein carefully and under 
digital control, from distal to proximal. One can 
probe from proximal to distal only when perform
ing a partial resection of the lesser saphenous vein, 
and then only if the anatomic situation is certain. 
If the stripper meets resistance and cannot be ad
vanced further by means of careful rotation, one 
should make a small incision rather than apply 
more force to the stripper, as this will only increase 
the risk of perforation. 

Even when the X-ray picture is clear, an injury 
to the popliteal vein is possible if the stripper is 
advanced through an incompetent perforating vein 
into the deep system or if one makes the cross
incision in the popliteal fossa at the wrong level, 
even though the X-ray picture is clear. The lesser 
saphenous vein must lie immediately beneath the 
fascia. Then too, the junction of the lesser saphen
ous vein might have been incorrectly marked when 
the patient was in the standing position with the 
knee bent. If one is not able to find the lesser 
saphenous vein immediately beneath the fascia, it 
is wrong to look for the head of the stripper in 
the deep tissues. One should then make a small 
incision in the skin more proximally, where one 
can just feel the stripper head through the skin. 
If any doubt remains, under no circumstances 
should one ligate or strip. The rule is: never pro
ceed if in doubt! If there is the slightest suspicion 
of an injury to the deep veins, one should always 
assume the worst, terminate the operation, apply 
compression, and consult a vascular surgeon, or 
arrange for helicopter transport to an appropriate 
hospital and accompany the patient during the 
transport. Because of the severe bleeding and the 
variability of the deep venous system, a nonvascu
lar surgeon will have difficulty in clarifying the 
situation. If a partial stripping of the femoral or 
popliteal vein has occurred, it is impossible to give 
guidelines. Each case requires individualized mea
sures. Intentionally to terminate the operation by 
ligating the popliteal vein or the femoral vein can 
no longer be justified. 
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VI. Injury to the Femoral Artery 

Every surgeon should be able to deal with small 
injuries to this artery (see p. 247). However, every 
year there are reports of major injuries, even strip
ping of the artery from the groin to below the 
knee. Smaller defects can be managed with vein 
grafts, following careful removal of clots from the 
distal stump. Larger defects require longer grafts. 
In all cases that have come to our attention, the 
greater saphenous vein on one side was fortunately 
intact and able to be used as a graft. If the patient 
complains of severe pain following surgery, the 
compression dressing must be removed temporari
ly, allowing the arterial circulation to be checked 
by Doppler ultrasonography and documented on 
the chart. In most cases, one is dealing with hyper
sensitive patients, and more often than not, the 
problem is simply that the compression dressing 
is too tight. However, the diagnosis of psychologic 
instability is no reason for delaying treatment. 

VII. Hematomas 

Hematomas should always be evacuated through 
an opening in the skin incision. Evacuation of he
matomas in the region of the groin is especially 
important, because the healing of the wound is 
here especially endangered. One should keep in 
mind that it is good practice to compress the area 
of stripping for 10 min at the end of surgery. How
ever, this does not eliminate the need for suturing 
large side branches. 

VIII. Wound Infections 

Wound infections are possible following the liga
tion of incompetent perforating veins cranial to 
healed venostasis ulcers, even if meticulously ster
ile technique is used. If an elevation of temperature 
occurs, all surgical wounds should be inspected. 
Only then can one decide whether surgical drain
age or antibiotic therapy is indicated. 

IX. Septicemia (Mostly Due to Streptococci) 

This complication is very rare, but it carries a high 
mortality. The clinical impression of a severely ill 
patient should make the diagnosis or at least raise 
suspicions. Septic temperatures and chills are sus-
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picious signs. However, they can occur late, even 
if antibiotics have not been used. The results of 
blood analysis can also be indeterminate in the 
early phase. The following measures are indicated: 
all surgical wounds must be inspected by an experi
enced surgeon and, if necessary, opened. In some 
cases, a wide incision (without regard to later cos
metic results) should be made. Before bacteriologic 
results are available, massive antibiotic therapy 
(for example penicillins, cephalosporins) is indicat
ed (see p. 167). 
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A. Lower Extremity 

I. Anatomy 

Venous blood returns by the veins of the superfi
cial and deep system. While the supe>:ficial veins 
are, as a rule, single vessels, in the deeper system 
two veins usually accompany an artery; proximal 
to the knee joint, however, the deep veins are also 
predominantly single vessels (Fig. 2.1.13, see 
p. 26), [6]. 

Superficial venous system: They lie above the 
crural and femoral fascia in the subcutaneous tis
sue and are, therefore, not influenced by the mus
cle pump; they are connected with the deep veins 
through the perforating and communicating veins. 
The valves of the perforating and communicating 
veins are arranged in such a way that the blood 
flow is directed only from the superficial to the 
deep system as long as the valves are functioning. 
In the region of the foot, there are also perforating 

and communicating veins, but without valves. A 
reversal of flow is pathologic, causing venostasis 
ulcer and its sequelae. The superficial venous 
drainage of the foot follows a medial course into 
the greater saphenous vein, which passes in front 
of the medial malleolus, then behind the medial 
condyle, and finally, 2-3 cm below the inguinal 
ligament, empties into the femoral vein through 
the oval fossa. In 3.8%-27.0% of all cases, a dou
bling of the greater saphenous vein occurs. Even 
a division into three vessels has been reported. Ab
normalities of the junction include a distal junction 
(emptying into the superficial femoral vein in the 
middle of the thigh) and a proximal junction (emp
tying, for example, into the inferior epigastric 
vein). The lesser saphenous vein arises from the 
lateral rim of the venous arch on the dorsum of 
the foot and empties into the popliteal vein. 

Deep venous system: This consists of the entire
ty of the subfascial veins, which carry over 90% 
of the venous blood of the lower extremity. As 
a rule, they accompany the corresponding arteries 
and are known as the anterior and posterior tibial 
veins and the fibular veins. The perforating and 
communicating veins receive the blood from the 
superficial system. In 28% of healthy patients the 
communications between these veins can be found. 
The popliteal vein, arising from this system, can 
be single, double, or triple. Arising from the ad
ductor canal, the superficial femoral vein carries 
the main burden of the venous return. In 21 % 
of cases it is double, and further division (3%) 
is known. In the region of the lower leg, valves 
occur at relatively short intervals of 3-5 em. The 
intervals are greater in the region of the thigh, 
where one can expect only 1-3 (maximally 6) ve
nous valves. 

Between the superficial femoral vein and the 
deep femoral vein a distal connection can occur 
at the level of the adductors, which can function 
as important collaterals if a proximal obstruction 
occurs. Above the inguinal ligament, the iliac vein 
is located medial to the artery in its distal course. 
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Fig. 27.3.1. Pelvic vein spur. As a result of the pulsation 
of the right iliac artery against the left iliac vein (which 
lies on top of the anterior longitudinal ligament and 
therefore cannot move) intimal lesions develop, which 
produce the spur in its chronic form (see p . 735) 

On the right side, the artery crosses the vein proxi
mally 5 fingerbreadths above the inguinal liga
ment. This can be seen on venograms. In its 
course, it accepts the deep iliac circumflex vein 
and the inferior epigastric vein. After accepting 
the internal iliac vein, thereby becoming the com
mon iliac vein, it joins the inferior vena cava at 
the level of the fifth lumbar vertebra. Prior to the 
venous bifurcation, the iliac vein accepts the as
cending lumbar vein, which carries blood from the 
paravertebral plexus. This vein can assume an es
sential collateral function, particularly in case of 
a venous spur. Such a spur is present in 20% of 
all adults. It occurs on the left side and results 
from the micro traumatic pulsing action of the 
right common iliac artery against the left common 
iliac vein, which, lying behind the artery on the 
anterior longitudinal ligament, cannot give way 
(Fig. 27.3.1 and see p. 735) [7, 8, 12]. This spur 
can become a significant risk factor leading to de
compensation in the form of a thrombosis, e.g., 
in cases where immobilization (cast, operation, 
etc.) is involved. 

This assertion is supported by the fact that two
thirds of all spontaneous deep vein thromboses 
occur on the left side. The external and common 
iliac vein and the inferior vena cava have, with 
very few exceptions, no valves. 
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II. Indications for Venous Thrombectomy 

For the treatment of acute venous thrombosis of 
the lower extremity, there are three options. 

1. Immobilization for at least 8 days and heparin 
therapy afterward, mobilization under antico
agulant medication (unless contraindicated) 
and compression therapy 

2. Systemic fibrinolysis; rarely, local fibrinolysis 
[2] 

3. Thrombectomy/heparin. 

The first option is chosen if there are contraindica
tions to fibrinolysis or surgery. 

Contraindications to fibrinolysis (see also p. 106) 
are: 

a) Absolute: 
Coagulation defect 
Previous surgery (less than 10 days before) 
Operations on the central nervous system 
Trauma to the central nervous system 
Cerebrovascular accident 
Hypertension 
Peptic ulcer 
Renal calculi 
Acute pancreatitis 
Endocarditis 
Progressive malignancy 
Intramuscular or intra-arterial injections (less 
than 10 days before) 
Pregnancy 
Phlegmasia cerulea dolens 

b) Relative: 
Patient's age (about 70 years) 
Diabetes melli tus 
Age of the thrombosis (more than 14 days) 
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Contraindications to surgery are: 

a) Absolute: 
Progressive malignancy 
Isolated venous thrombosis of the lower leg 
Intolerance of general anesthesia 
Danger of local wound-healing problems (i.e., 
folliculitis) 

b) Relative: 
Age of the thrombosis (older than 14 days) 
Patient's age (older than 70 years) 
Clinically significant pulmonary emboli 

In cases of uncontrolled malignancy in patients 
above 70 years of age, treatment with heparin and 
perhaps warfarin remains the therapy of choice, 
because the patient will not live long enough to 
experience the post-thrombotic syndrome. As a 
rule, therapy should also be limited to heparin -if 
the thrombosis is older than 2 weeks and already 
in the stage of organization, because by neither 
operation nor fibrinolysis (except in special cases) 
can one achieve a complete restoration, saving the 
function of the venous valves (late lysis, late 
thrombectomy). If the thrombosis is older than 
14 days, one can expect good results with lysis and 
surgery only if the pelvic level alone is involved. 
In other words, exceptions to the 14-day rule make 
sense only for thrombosis at the level of the pelvis. 
This is especially true if one cannot demonstrate 
collaterals radiologically, and a significant differ
ence in circumference of the legs is present. 

If the thrombosis is 8-14 days old and if only 
the pelvic veins are involved, the therapy of choice 
is either surgery or lysis. If the veins of the upper 
and lower leg are also affected, one will also opt 
for surgery or fibrinolysis. In these cases, the prog
nosis with regard to a post-thrombotic syndrome 
is determined by the residues on the upper and 
lower leg [3]. 

If the thrombosis is limited to the deep veins 
of the upper and lower leg, the chances for its 
complete removal after the eighth day by means 
of indirect maneuvers (manual compression, Es
march bandage compression, see p. 722) are con
siderably diminished. However, if no local collater
als can be demonstrated radiologically and the 
symptoms are severe, one will, nevertheless, decide 
in favor of surgery or thrombolysis. 

If the clinical course is characterized by two 
episodes, the time of the second episode should 
be used to determine the age of the thrombosis, 
especially in cases where the symptoms during the 

second episode are more pronounced than during 
the first. 

One can hardly expect full recovery after hepar
in therapy alone. Therefore, it should never be the 
therapy of first choice. 

Criteria for and against surgery are: 

1. Phlegmasia cerulea dolens: If the venous lumen 
becomes completely occluded, the resulting distur
bance in the arterial circulation can easily lead to 
gangrene. Here, the time factor is decisive for the 
prognosis; immediate operative intervention is in
dicated. 

2. Venous thrombosis in patients with contraindica
lions to fibrinolysis: Immobilization, especially 
postoperative immobilization, is a frequent cause 
of venous thrombosis. Because of the danger of 
bleeding and/or wound complications after the 
tenth postoperative day, thrombectomy is the 
method of choice. 

3. Venous thrombosis following unsuccessful fibri
nolysis: If one has not achieved success with fibrin
olysis after 6 days, operative intervention should 
be considered. With fibrinolysis, the degree to 
which the thrombus adheres to the vascular wall 
seems to decrease, and the chance of removing 
it mechanically is enhanced. 

4. Venous thrombosis with recurrent pulmonary em
bolus: If, for example, a paraplegia is present, and 
therefore the risk of immobilization cannot be re
duced, a blocking operation should be considered 
in cases of recurrent pulmonary emboli (caval um
brella, caval clip, ligation of a vein, see p. 745) 
in order to prevent further emboli. A venous 
thrombectomy or lysis promises long-term success 
only if the underlying risk factors can be in
fluenced. If one decides to treat the thrombosis 
actively, systemic fibrinolysis should be preferred 
over surgery, because it also reduces the stress on 
the right heart caused by the pulmonary embolism. 
Subsequent treatment with warfarin should reduce 
the risk of recurrent thrombosis and of pulmonary 
emboli. If recurrent pulmonary embolus occurs in 
spite of this, interruption of the vena cava is indi
cated, if the pulmonary embolus is clinically com
pensated (see p. 744) [15]. 

5. Isolated venous thrombosis in the region of the 
lower leg. Here, one should not operate, since the 
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results without surgery (heparin therapy) are just 
as good. If venography shows a complete occlu
sion of the lumen and there is significant swelling 
of the lower leg, lysis therapy is indicated. 

6. In venous thrombosis not older than 14 days and 
without contraindications to lysis, both ap
proaches are justified. At the level of the pelvis, 
an operation - possibly with the additional con
struction of an arteriovenous fistula - promises 
greater success; at the level of the upper and lower 
leg, however, the results with lysis seem to be bet
ter. The decision can be made only after a prospec
tive randomized trial. Until then, the method cho
sen should be that with which one has the greatest 
experience. 

7. One should determine the possibility of isolated 
perfusion of an extremity with streptokinase or uro
kinase alone, or in combination with venous 
thrombectomy [13]. 

III. Positioning 

A thrombectomy at the level of the pelvis is done 
in a supine position with the body elevated 40° 
(reverse Trendelenburg position) (Fig. 27.3.2). The 
entire leg is prepared for surgery, as this allows 
for free manipulation during manual compression 
or expression with an Esmarch bandage. Further
more, except for the inguinal region, the entire 
abdomen and the thorax should be prepared, so 
that an immediate sternotomy with pulmonary ar
tery embolectomy can be performed in the event 
of a fulminant pulmonary embolism (see p. 741). 
If a perforation occurs as a consequence of maneu
vering the balloons in the vena cava or in the pel
vis, a laparotomy or an extraperitoneal approach 
to the retroperitoneal area should be possible. 

Fig. 27.3.2. Positioning (reverse Trendelenburg) 
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Preparation of the contralateral side is not neces
sary. During a unilateral operation the opposite 
side can be protected by ipsilateral blocking [1, 
6,8]. 

IV. Surgical Approach and Exposure of Vessels 

The exposure of the venous structures at the level 
of the groin are done through a slightly curved 
8-cm incision, ending cephalad at the level of the 
inguinal ligament (Fig. 27.3.3). A transverse inci
sion should be avoided so as not to damage the 
lymphatic vessels. Mter the subcutaneous tissue 
is transected and the common femoral artery has 
been identified by palpation, the femoral vein can 
be exposed medial to the artery. If this is difficult, 
especially in obese patients, the greater saphenous 
vein can be identified and used as a guide for the 
dissection cephalad and deep. In no case should 

Fig. 27.3.3. Skin incision for thrombectomy. The lateral 
lymphatic collectors are not touched. The incision can 
be extended proximally by incising the inguinal ligament 
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the venous junction be destroyed by ligation, as 
it represents collaterals. In cases of a thrombotic 
occlusion, the femoral vein is engorged. In contrast 
to the usual technique of encircling arteries with 
a tape, dissection of the vein should be limited 
to the shortest possible segments at the sites where 
clamps are to be placed. It is not necessary to 
encircle them. The reason for this limited prepara
tion is that the suspension in the surrounding tis
sues prevents the collapse of the vein 
(Fig. 27.3.4a). 

It is essential that the deep femoral vein, which 
comes from a dorsolateral direction, be exposed 

Common femoral v. 

Superflc.alfemoral v 

Profunda femons v 

c 

d 

over a distance of 1-2 cm. Thrombectomy of this 
vessel assumes an importance similar to that of 
an embolectomy of the corresponding artery, since 
the femoral vein can accept collaterals from the 
popliteal region when the superficial femoral vein 
is occluded. Exposure of the proximal greater sa
phenous vein is also necessary to remove throm
botic material. 

If the junction of the deep femoral vein is situ
ated rather high, the incision can be extended by 
partially transecting the inguinal ligament. De
pending on the extent of the incision, reconstruc
tion of the inguinal ligament is necessary to pre-
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vent the development of a femoral hernia. If, dur
ing the operation, an arteriovenous fistula is indi
cated, the superficial femoral artery is exposed and 
encircled. 

v. Thrombectomy 

Systemic heparinization should be started with an 
intravenous bolus (10000 LV. heparin iv) after the 
diagnosis is made or, even better, when a deep 
venous thrombosis is suspected. Heparinization 
should be continued by controlled infusion to 
maintain a partial thromboplastin time (PTT) be
tween 80 and 120 s: This approach makes heparin 
injection after clamping of the veins unnecessary. 
Because clamping can provoke a pulmonary em
bolism, the intubated patient is ventilated with 
PEEP by hand. The PEEP should be high enough 
to cause a marked reduction of venous return, re
sulting in a drop in blood pressure. This kind of 
ventilation is maintained until the thrombectomy 
of the proximal segment is completed. This dimin
ishes the venous return from the lower half of the 
body to the heart, and a thrombus which is only 
slightly adherent to the endothelium can be passed 
and extracted. Because a steady, high, positive and 
extraperitoneal pressure is possible only under 
general endotracheal anesthesia, thrombectomy 
should not be performed with local anesthesia. The 
Val salva maneuver which the patient is asked to 
perform does not always assure the reduction of 
venous return. 

After the clamps are applied, the femoral vein 
is incised longitudinally over a distance of 1-
1.5 cm about 1 cm proximal to the junction with 
the deep femoral vein (Fig. 27.3.4a). Then a brown 
Fogarty catheter is introduced, without a guide 
wire, and advanced to the inferior vena cava 
(Fig. 27.3.4b). There the blockade is formed by 
filling the catheter with 40 ml of normal saline so
lution. A second brown or white Fogarty catheter 
is then introduced at the same level, filled, and 
pulled back, care being taken not to apply undue 
force (Fig. 27.3.4c, d). It is important to take into 
account the difference in diameter between the in
ferior vena cava and the left common iliac vein. 
The spur, which is located at this point, can also 
pose an obstacle to the withdrawal of the catheter 
and possibly cause perforation of the vein. The 
maneuver is repeated until no more thrombotic 
material can be extracted. Then, the blocking cath
eter is also retracted with slight pressure against 
the venous wall. 
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It should be mentioned that, in addition to the 
ipsilateral blockade, contralateral blockade has 
also been described [1]. However, this technique 
does not seem necessary if continuous PEEP is 
used. Furthermore, venous thrombectomy with a 
Fogarty catheter has also been done without 
blockade, apparently without increased risk of 
pulmonary embolism. 

A good proximal reflux, especially under PEEP, 
is an indication of free passage. If one has the 
impression that irregularities of the vessel wall re
main, one can remove additional thrombotic mate
rial by means of a ring stripper and extract it with 
the blocking catheter (Fig. 27.3.4e, f). If a block
age remains at the level of 20 cm on the left side, 
it is usually related to the spur. Nevertheless, a 

! 

Fig. 27.3.5. Repeated abrupt digital compression from 
distal to proximal. After compressing the leg tightly with 
an Esmarch bandage, the compression maneuver is re
peated 
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thrombectomy of all reachable material should be 
done, since venous blood can drain via the internal 
iliac vein to the contralateral side and further via 
the ascending lumbar vein [7]. Next, the thrombec
tomy of the leg is performed (Fig. 27.3.5). After 
opening the clamps on the superficial and deep 
femoral veins, the calf is compressed from distal 
to proximal with both hands. In most cases, the 
thrombus can be mobilized by strong blows with 
the fist. The compression is continued up to the 
proximal thigh, where thrombotic material pro
trudes through the venotomy. To avoid large 
blood loss, digital compression of the venotomy 
is recommended, the pressure to be released only 
as the calf or the thigh is compressed. The use 
of a cellsaver diminishes blood loss. Following the 
intermittent compression the entire leg, including 
the foot, is compressed with an Esmarch bandage 
and the compression maneuver is repeated. If the 
anterograde venous flow is insufficient, one can 
insert a brown Fogarty catheter distally, which is 
usually possible up to 35 em. The retraction, how
ever, has to be done with very carefully adjusted 
filling pressure because of the valves. Definite 
proof that a spur is present should not be taken 
as an indication for local dissection, since a spur 
resection and a venous patch angioplasty increase 
the magnitude of the operation significantly and 
entail a high risk of rethrombosis. Rather, one 
should construct an arteriovenous fistula and 
await spontaneous collateralization; this tech
nique, together with the spontaneous lysis, often 
makes the Palma procedure unnecessary. The op
eration of Palma (venous crossover bypass with 
the greater saphenous vein or ring-reinforced 
Gore-Tex, see p. 736) should be reserved for sec
ondary interventions. As a primary intervention 
combined with a thrombectomy, it should be the 
exception, to be used only when there is an extreme 
increase in the volume of the upper and lower leg 
and an occlusion of the pelvic veins [5]. 

VI. Intraoperative Diagnosis 

Intraoperative venographic control of the pelvic 
veins should always be performed prior to closure 
of the incision. After closure of the venotomy with 
a continuous suture of 6-0 Prolene, the common 
femoral vein is punctured with a butterfly cannula. 
More elegant is the introduction of a small subcla
vian catheter into a side branch of the venous junc
tion. Venography provides information about the 

pelvic veins. If there is a blockage or an irregularity 
of the wall, one should repeat the thrombectomy 
maneuver. With the construction of an arteriove
nous fistula and the consequent increased pressure 
from a distal direction, the danger of a thrombosis 
is diminished and the chances of collateralization 
improved. By means of intraoperative venoscopy, 
the pelvic veins can be evaluated three-dimension
ally, and especially the region of the spur can be 
directly visualized [8]. If residues on the venous 
walls are observed, the use of a ring stripper is 
recommended. This elaborate diagnostic method 
has not become intraoperative routine. 

VII. Arteriovenous Fistula 

Since the development of a thrombosis is depen
dent on the flow velocity of the venous blood, 
it can be assumed that the incidence of recurrent 
thrombosis can be reduced by using an A V fistula 
to increase the flow velocity. Not only can the 
rate of recurrence be lowered by an A V fistula, 
but the changes of recanalization and collateraliza
tion are increased as well. The danger of congestive 
heart failure does not exist if the fistula is unilater
al (shunt volume 1000 mljmin) and there is no his
tory of heart disease. Since the flow volume of 
the fistula increases with time, closure is recom
mended after 3-6 months. 

Fistulas are constructed in the shape of a basket 
handle or a letter N. 

To construct the basket-handle fistula, a long 
branch of the venous junction or the greater sa
phenous vein (most likely the first medial branch) 
is dissected distally, and the end is anastomosed 
side-to-end with the superficial femoral artery us
ing 6-0 Prolene (Fig. 27.3.6a-c). To make it easier 
to find the shunt later on, a sterile wire is passed 
around the base of the loop, and then both ends 
of the wire are brought through the skin approxi
mately 2 em distal to the wound, transected, and 
allowed to retract into the subcutaneous tissue. 
The length of the wire loop should be determined 
using a sterile ruler. If the fistula is to be closed, 
this wire is used as a guide during dissection. Oc
clusion of the fistula using the wire is not an ac
ceptable substitute for dividing it between liga
tures. After the fistula is opened, a definite thrill 
can be palpated. After closure of the incision, the 
functioning of the fistula can be checked with a 
stethoscope (continuous bruit). Spontaneous clo
sure ofthe basket-handle fistula is likely as a result 
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Fig. 27.3.6a-c. Arteriovenous fistula (basket-handle 
shunt). a Depending on the size of the lumen, a branch 
of the greater saphenous vein (ideally the first medial 
branch) is moved toward the superficial femoral artery. 
b Longitudinal incision of the superficial femoral artery 
and construction of the fistula with 6-0 Prolene. Encir
cling the shunt with the wire, which is then brought 
through the skin 2 cm distal to the lower wound angle. 
Before cutting the wire, it is put under minimal tension. 
c After cutting the ends, the wire retracts into the subcu
taneous tissue; the wire must not be under tension 

b 

Fig. 27.3.7a-d. Arteriovenous fistula (N-shaped shunt 
with Gore-Tex). a, b Venotomy and arteriotomy (with 
minimal oval-shaped enlargement) if the shunt is longer 
than 3 cm. c, d If the shunt is short, the openings in 
the vessels have to face each other to avoid kinking 

of kinking (up to 50%), the N-shaped fistula is 
a good alternative. A 5-mm Gore-Tex graft is in
terposed between artery and vein by means of a 
side-to-end (arterial side) and an end-to-side (ve
nous side) anastomosis. When the anastomosis is 
done with running 6-0 suture (Fig. 27.3.7a-d), it 
is advisable to enlarge the arteriotomy by excising 
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an oval-shaped piece of the wall. If the N-shaped 
shunt is longer than 3 cm, venotomy and arterio
tomy can be placed in the middle. If the shunt 
is shorter, however, venotomy and arteriotomy 
should face each other to avoid kinking. One 
should keep this complication in mind during the 
thrombectomy if the venotomy has been done 
first. 

The closure of the fistula with the wire in place 
is done as described above. If a marking wire is 
not used, one should expose the artery distal to 
the fistula and dissect proximally. During this dis
section, the fistula can be located medially. It 
should be transected between two ligatures, for
eign material remaining in the wound. 
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Indications for an arteriovenous fistula at the 
level of the groin are: 

1. Radiologically proven stenosis of the pelvic 
veins. 

2. Very old thrombotic material from the pelvic 
veins, suggesting significant trauma to the en
dothelium. 

It should be mentioned that some authors require 
an arteriovenous fistula whenever the pelvic veins 
are involved. Fistulas at the level of the adductors 
are technically more difficult to construct, and 
fistulas at the level of the medial malleolus suffer 
from a high spontaneous occlusion rate. On the 
other hand, they achieve the goal of increasing 
the flow in only one of the six veins of the lower 
leg [11]. 

vm. Intraoperative and Postoperative 
Complications 

Intraoperative pulmonary embolus and perfora
tion of the vessel, postoperative bleeding, and re
current thrombosis are the most important compli
cations. An intraoperative pulmonary embolus 
should be approached surgically if the symptoms 
dictate this. This complication should already be 
taken into consideration while the patient is being 
prepared and draped. In our own experience, we 
found 3 intraoperative pulmonary emboli in 234 
operations. All 3 cases were operated on at the 
stage of multiple, frequently recurrent pulmonary 
emboli. 

Perforation of a vein is a very rare complication 
and is manifested by visible blood loss or deterio
ration of circulatory parameters. After the diagno
sis is made by venography or on clinical grounds, 
a laparotomy or a retroperitoneal approach is in
dicated (see p. 691). 

Postoperative bleeding, usually in the region of 
the incision, is usually the result of heparin thera
py. Diligent hemostasis, local compression and ap
propriate control of the regulatory parameters 
(PTT 80-120 s) can control this complication. 
Large hematomas present in the groin should be 
evacuated because of the danger of infection. 

IX. Postoperative Treatment 

The advantage of the operation is immediate post
operative mobilization, with compression (grade II 

support stocking) and heparinization. During rest, 
the vein is elevated on the splint. 

On the third postoperative day, heparin (by 
continuous infusion and guided by PTT) is gradu
ally replaced by warfarin. If a PT is doubled, the 
patient is weaned from heparin over 1-2 days. Dis
charge from hospital is possible, if the prothrom
bin time is stable. Prophylaxis with warfarin 
should be maintained for 6-12 months. The pa
tient should be advised to wear the compression 
stockings throughout the day. The compression 
should be discontinued only after the clinical ex
amination, venographic or Doppler ultrasono
graphic investigation, and phlebodynamometry 
have been normal for 6 months. If compression 
can be discontinued, long-term follow-up is neces
sary. 

Therapeutic successes should not obscure the 
fact that an acceptable operative result can be 
achieved with only 50% of patients. Long-term 
observations show an even higher risk of post
thrombotic syndrome [3, 10, 14, 16]. 

Since the risk of thromboembolic complications 
is difficult to judge and thrombosis is an individual 
risk, the essential measure is general pharmacolog
ic prophylaxis with 3 x 5000 I.U. heparin subcuta
neously, 2 x 5000I.U. heparin Dihydergotamine 
mesulate subcutaneously, or intravenous dextrane, 
ifthe patient has to be immobilized. Physiotherapy 
supports this treatment but is not in itself sufficient 
[4,9]. 

B. Upper Extremity 

Thromboses in the region of the upper extremity 
are essentially different from thrombosis of the 
veins of the leg and the pelvis, because the hydro
static pressure in the arms presents only an incon
sequential stress. Therefore, post-thrombotic syn
dromes, comparable to those in the lower extremi
ties, are very rare in the arm. 

Thromboses of the upper extremity develop 
under the following circumstances [5]: 

1. Tumor compression, 
2. Following subclavian/jugular catheterization, 
3. In thoracic outlet syndrome. 

1. Mediastinal tumors (benign, malignant, inflam
matory), goiters and large bronchial metastases 
(suprainfraclavicular and axillary) can lead to a 
stenosis, with eventual blockage of the main ve-
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nous drainage of the arm, and secondarily to the 
development of a thrombosis in the periphery. On 
radiologic examination, one usually sees a marked 
development of collaterals, especially via the veins 
in the region of the scapula. Therefore, one should 
always search for a tumor by clinical and technical 
means. Further therapy depends on the underlying 
tumor. A thrombectomy is usually not indicated, 
because the developed collaterals are sufficient for 
venous drainage. Frequently the cause of the 
thromboses cannot be removed, even in cases of 
palliative treatment of the tumor. 

2. The increasing frequency of invasive diagnostic 
measures as well as the frequent use of central 
venous catheters, has lead to an increased inci
dence of thromboses of the subclavian vein and 
consequently an increased incidence of pulmonary 
emboli in autopsy statistics. 

As a rule, these thromboses cause more symp
toms than those caused by tumors, since collaterals 
are missing. Moreover, they are forced by hyper
emia resulting from muscle activity. In these cases, 
local lysis should be considered. The doses of 
streptokinase or urokinase by direct injection into 
the thrombus are so low that the indications for 
this technique are broader than for systemic fibrin
olysis (following the technique of local fibrinolysis 
for arterial thrombosis, see p. 106ff.). Thrombec
tomy is not appropriate in this case, since the rate 
of recurrence is high and since satisfactory results 
are usually obtained by waiting for the spontane
ous development of collaterals. 

A thrombectomy should, however, be consid
ered if phlegmasia cerulea is evident and the entire 
venous lumen is occluded. In this case the proxi
mal brachial vein or the axillary vein is exposed 
(analogous to the exposure of the artery, see 
p. 533). The proximal thrombus is extracted with 
a Fogarty catheter. The distal thrombus can be 
removed by use of a bandage or manual compres
sion (see p. 722). 

3. The veins, arteries, and nerves in the region of 
the shoulder girdle are especially subject to me
chanical stresses, which are explained by both the 
anatomy and the mobility of the arm. Predomi
nant pathologic anatomic features are: 

- Cervical rib, 
- Hyperostosis after clavicular fracture or defor-

mity of the clavicula, 
- Atypical ventral course of the phrenic nerve. 
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Furthermore, the subclavian vein can be mechani
cally impaired by costoclavicular compression, 
when the shoulder is adducted at a right angle 
and moved dorsally. This can lead to thrombosis 
[5]. The involvement of nerves and arteries as de
scribed dominates the clinical picture and deter
mines the indication for operative treatment (e.g., 
resection of the first rib see p. 559). 

An isolated intervention on the vein (thrombec
tomy or even a venous reconstruction with the 
interposition of a Gore-Tex graft or a patch graft) 
is not indicated after the cause of the compression 
has been removed, because the recurrence rate is 
high and the spontaneous collateralization is suffi
cient. 

However, if exposure of the nervovascular bun
dle is necessary because of a thoracic outlet syn
drome or a nerve compression, a reconstruction 
of the vein (Gore-Tex interposition or patch graft) 
can be added, especially if, following thrombec
tomy or fibrinolysis, the lesion in the venous wall 
at the site of the costoclavicular compression can 
be demonstrated venographically. In this case, a 
thrombectomy is performed through a venotomy 
in the subclavian vein. The thrombus can be re
moved proximally with a Fogarty catheter after 
a PEEP is established. The thrombus is removed 
from the arm by means of the compression tech
nique used for the leg (hitting with the fist and 
bandaging). Reconstruction (suture of the vein, 
patch graft angioplasty, or interposition of ring
reinforced Gore-Tex) follows the rules of atrau
matic venous surgery (see p. 732ff.). 
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c. Surgical Options 

I. Procedures on the Superficial Venous System 

1. Resection of Secondary Varices 

a) Indication. Following deep venous thrombosis 
there are, in 80% of cases, residual changes that 
have a general tendency to progress. One type of 
such a residual change is secondary varices. They 
must be distinguished from primary varices by 
means of venography. Whether anything is to be 
gained by eliminating secondary varices can be de
termined by an occlusion test. 

References. . . . . . . . . . . . 739 Two methods are available: 

A. Introduction 

In a healthy individual, some 90% of the venous 
blood is transported through the deep venous sys
tem. After a deep venous thrombosis, this venous 
return is impaired up to 80%-85% as a result of 
valve destruction and irregular recanalization. The 
impedance is progressive in character. Many surgi
cal procedures have been tried in the past. How
ever, upon critical examination, only a few can 
be said to have withstood the test of time. 

B. Anatomy 

The reader is referred to the chapter (2.2) on the 
general anatomy of the veins and to the anatomi
cal sections of the chapters on primary varices and 
acute venous occlusion (see p. 717). 

1. Determination of the peripheral venous pres
sure [6] (Fig. 27.4.1 a-c), 

2. Light-reflex rheography [5]. 

With the patient standing up, a vein of the dorsum 
of the foot is punctured, allowing insertion of a 
catheter that is connected to a properly calibrated 
manometer or Statham apparatus. One measures 
the pressure with reference to the equilibrium level, 
i.e., the level at which the same pressure is present, 
independent of the position of the body. It is locat
ed one handbreadth below the diaphragm. The 
muscle pump is activated by having the patient 
repeatedly stand tiptoe (ten times in 15 s, if possi
ble, according to a metronome). Depending on the 
function, the pressure drops. Figure 27.4.1 a shows 
such a pressure drop from 90 to 70 mmHg after 
ten elevations on the toes. Depending on the 
behaviour of the pressure in the superficial varices 
upon occlusion (for this it is best to use a compress 
that has been folded several times), the following 
conclusions can be drawn (Fig. 27.4.1 b): 

1. If the pressure drops markedly after occlusion, 
removal of the varicose vein is not only per
missible but essential to the improvement of 
venous return. 
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90 mmHg 

j 
70 mmHg 

Fig. 27.4.1 a-c. Measurement of peripheral venous pres
sure according to MAY and KRIESSMANN [6]: a After 
puncture of a vein of the dorsum of the foot, tubing 
is connected via an amplifier to a pressure gauge. Mea
surements under resting conditions are taken until a 
steady state is reached (starting point here: 90 mmHg). 
The patient stands ten times on tiptoe within 15 s. If 
the venous outflow is impeded, a pressure drop of 50-
60 mmHg occurs. A pressure drop of only 20 mmHg 
indicates a severe outflow impedance. b By occlusion of 
the superficial veins, the change in pressure is eliminated 
if it is the sum of several factors. c Functional improve
ment through elimination of the incompetent perforat
ing vein is clarified by the compression test 

2. If the pressure does not change after occlusion, 
the operation is optional and of essentially cos
metic importance. 

3. If the pressure rises after occlusion, the varicose 
vein is essential for the venous return, and oper
ative removal is contraindicated. 

As an alternative to invasive pressure measure
ment one can use light-reflex rheography for an 
assessment of the cutaneous venous plexus, which, 
because it connects the superficial and deep venous 
systems, can provide information about the func
tion of both. The essential parameter is the refilling 
time after ten dorsal flexions of the foot with the 
heel supported. This examination can be combined 
with the occlusion test. 
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b) Positioning, Exposure, Operative Technique, 
Complications, and Postoperative Treatment. For 
details see Chap. 27.2, p. 701). 

2. Insufficient Perforating Veins 

a) Introduction. The perforating veins communi
cate between the superficial and deep venous sys
tems. By means of valves they direct blood flow 
in such a way that during relaxation of the muscles 
(diastole) there is a blow-in, i.e., a flow from the 
superficial to the deep veins (Fig. 27.4.2). The 
blow-out, i.e., flow in the opposite direction during 
muscle contraction (systole), is pathologic. The 
pathologic reversal of flow is much stronger in 
the case of insufficient perforating veins (as a re
sult of a deep vein thrombus) than it is with prima
ry varicose veins. The incompetent perforating 
veins are ligated during vein stripping, because the 
blow-out through the incompetent veins increases 
after the blow-down (reflux to the varices) has 
been eliminated. The functional improvement 
through ligation of the perforating veins can be 
shown by the compression test (Fig. 27.4.1 c). 

In post-thrombotic syndrome, the blow-out can 
be very strong and is sometimes referred to as sys
tolic jet-out. In most cases, it is the direct cause 
of a post-thrombotic venostasis ulcer (see p. 711). 
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Fig. 27.4.2a-c. Flow conditions between the superficial 
and the deep venous systems. a, b During systole (muscle 
contraction) the valves of the perforating veins are 
closed under normal conditions. During diastole, a pres
sure gradient between the superficial and the deep ve
nous systems is built up, and the valves open. c If the 
perforating valves are incompetent (owing to changes 
in the valve cusps themselves or because of an overall 
increase in valve diameter), the valves do not close on 
systole, and reflux from the deep to the superficial ve
nous system occurs 

Fig. 27.4.3 a, b. Typical location of incompetent perforat
ing veins. a Medial side. b Dorsal side 
\1 
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b) Indication 

1. Only functional perforating veins should be 
eliminated. The exact determination is possible by 
means of the compression test, after they have 
been located clinically or by venography. If the 
venous pressure improves, the perforating vein in 
question is functionally active. 

2. Incompetent perforating veins may be func
tionally unimportant; however, in the classic posi
tions [1, 2] they are usually functional active 
(Fig. 27.4.3). 

3. If a venostasis ulcer is present, this should 
be treated by compression. At the very least, care
ful wound cleansing is necessary. Under compres
sion treatment, the edema subsides and, depending 
on the scarring, the incompetent perforation vein 
can be palpated as an opening in the fascia. 

c) Positioning. The incompetent perforating veins 
are marked prior to surgery, with the patient 
standing up. The procedure itself is done in a su
pine position. In this position, all important in
competent perforating veins can be reached after 
the entire leg has been prepared. 

Cocke III (135 em) May's pertorator 
(gastrocnemius point) 

Cockell I (6-7 em) 

b 

-- Lateral pertoralor 

12-em pertoralor 

Bassi's pertoralor 
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Fig. 27.4.4. Multiple small oblique or transverse inci
sions are made dorsal to the perforating veins. They 
are preferable to the long longitudinal incision of Cock
ett. The more severe the skin changes are, the farther 
from the incompetent perforating veins the incisions 
should be made 

d) Exposure. Under local anesthesia; if multiple 
procedures are necessary, then under endotracheal 
anesthesia; in the latter case, one or more incisions 
2-3 cm long are made in the direction of the skin 
folds (Fig. 27.4.4). Depending on the condition of 
the skin and the subcutaneous fatty tissue, smaller 
incisions are possible. These incisions should be 
cephalad or caudad of the perforating veins in 
order to avoid significant skin changes. A longitu
dinal incision, as described by COCKETT [1], is only 
done in exceptional cases. It is indicated only if 
severe induration necessitates a dorsal approach 
through healthy skin. If a venostasis ulcer is ex
cised, the ligation is performed through the site 
of excision. 

e) Surgical Technique. After the skin incision, the 
subcutaneous tissue is divided down to the fascia. 
The fascia is opened, usually starting from the 
entry point of the perforating vein. The vein is 
ligated in such a way that, after transection, the 
vessel retracts beneath the fascia. The hole in the 
fascia is closed with a U-suture. Finally, the subcu
taneous tissue is approximated, and the skin inci
sion is closed with interrupted sutures 
(Fig. 27.4.5). It should be mentioned that incom
petent perforating veins can be evulsed, e.g., by 
the use of sharp retractors inserted through the 
small incisions. Another method proposes the sub
fascial division of all perforating veins within reach 
with scissors. Bleeding must be controlled by pro
longed compression (at least 10 min). We, how
ever, prefer the selective approach [8]. A recent 
development is endoscopic splitting of perforating 
veins. 
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Fig. 27.4.5. Double ligature of the perforating vein, the 
stump of which retracts beneath the fascia. Closure of 
the fascia with aU-suture 

3. Venostasis Ulcer (Secondary to Varicose 
Veins or Deep Venous Thrombosis) 

a) Indication. Venostasis ulcer can be caused by 
a deep venous thrombosis or by varices. The cause 
in both cases is a hemodynamic alteration brought 
about by varicosis (primary or secondary and/or 
incompetent perforating veins). The goal of the 
procedure is to remove these local causes; how
ever, despite the elimination of the varicosities, the 
damage to the deep venous system in the post
thrombotic state remains irreparable, and the 
prognosis is therefore doubtful [1, 2]. 

Prerequisites for therapy are: 

1. Exclusion of arterial insufficiency as the un
derlying cause. If peripheral arterial disease is pres
ent, the healing of the ulcer can be accomplished 
only by improving perfusion (conservatively or 
surgically). This takes precedence over venous 
problems. 

2. With local cleansing and antiseptic treat
ment, as well as local compression, a venostasis 
ulcer should heal or at least show clean granula
tions. If extensive scarring is present, complete 
healing by conservative means usually cannot be 
achieved. 

b) Positioning. The procedure is carried out with 
the patient in a supine position and under general 
anesthesia. Local anesthesia is usually contraindi
cated because of the poor skin condition. The leg 
is prepared in such a way that all marked places 
are included in the operative field and can be 
reached by appropriate manipulation. 



732 

t) Exposure and Operative Technique. The proce
dure and the extent of the operation depend on 
the degree of damage and its cause. The surgical 
technique for both kinds of venostasis ulcers is 
the same, but the prognosis is different. 

A venostasis ulcer secondary to varicose veins 
usually heals under compression; however, recur
rences are the rule. Etiologic treatment consists 
of excision of the varicose vein as well as ligation 
of the incompetent perforating vein. Both causes 
should be exactly delineated prior to surgery by 
radiologic means. The excision of the ulcer is usu
ally not necessary as long as the deep veins are 
intact. Excision of the scars, either immediately 
or in a second procedure, is recommended only 
if there is marked scarring of the skin secondary 
to the ulcer. The skin defect is covered with a mesh 
graft or a split-thickness skin graft. Depending on 
the condition of the wound, the latter can be done 
either primarily or secondarily. 

For a venostasis ulcer secondary to deep vein 
thrombosis, the surgical procedure is identical to 
that for ulcers secondary to varicose veins. The 
damage to the skin is usually more extensive; 
therefore, a bloc resection of the ulcer and the 
scar is done more frequently. Incompetent perfor
ating veins are eliminated during the same proce
dure. 

d) Complications. The most serious complication 
is of course local wound infection that may pro
gress into a phlegmon of the lower leg. Here, the 
risk depends on the degree of preoperative wound 
infection. Therefore, meticulous conservative ther
apy prior to surgery is highly recommended. If 
the clinical signs of purulent infection are present, 
incision and drainage are necessary. 

e) Postoperative Treatment. After an extensive op
erative procedure (wide excision of the ulcer with 
primary skin graft), bed rest for 1 week with the 
leg elevated, physiotherapy, and pharmacologic 
prophylaxis against thrombotic complications are 
indicated. If the only procedure to be performed 
after healing of the ulcer is ligation of the perforat
ing vein, this can be done under local anesthesia 
and on an outpatient basis. After discharge from 
the hospital, compression treatment for several 
months is recommended. Thereafter, no further 
therapeutic measures are required provided the 
venostasis ulcers were the result of varices. When 
the ulcers are secondary to deep vein thrombosis, 
however, further therapy with compression stock-
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ings is necessary. Indeed, in order to prevent a 
recurrence, these stockings should be worn 
throughout the day for life. Recurrence is due ei
ther to an overlooked incompetent perforating 
vein or to insufficient compression treatment. 

II. Procedures on the Deeper Veins of the Leg 

1. Introduction 

The main difference between surgical procedures 
on the arterial and the venous systems is the higher 
rate of thrombosis during venous surgery. Damage 
to the endothelium, which usually heals in arteries 
because of the high perfusion pressure, leads more 
frequently to thrombosis in the veins owing to the 
low intravascular pressure and the low flow veloci
ty. This requires from the surgeon: 

a) Atraumatic and careful handling of the endo
thelium, 

b) Proper decision regarding creation of a tempo
rary arteriovenous fistula distal to the anasto
mosis. 

Under heading (a), the four basic rules for careful 
handling of the endothelium during venous sutures 
are: 

1. The vein itself should not be touched by the 
hand of the surgeon or with a clamp. It should 
be grasped on the adventitia or by means of a 
long ligature (Fig. 27.4.6a). 

2. Bleeding from the anastomosis should not 
be controlled with a sponge, but rather by irriga
tion with normal saline followed by suction 
(Fig. 27.4.6b). 

3. The anastomosis should be sutured without 
touching the edge of the vessels with the forceps. 
Usually, an everting vascular suture gives the best 
results (Fig. 27.4.6c). 

4. Traction will damage the endothelium. How
ever, the intima is not damaged when the vessel 
is expanded in order to locate leaking collaterals 
(Fig. 27.4.6 d). 

5. Connective tissue, which connects with the 
adventitia of the femoral vein and keeps the vein 
open, independently of the position of the leg, 
should remain. Dissection for clamping, therefore, 
should be done very sparingly, and circular dissec
tion is to be condemned. By contrast with the ar
tery, the vein is only completely filled during the 
time of strong venous return; most of the time, 
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a b '--_ ___ -'-_-"-' 

c d~ ______ ~ __ ~~ 
Fig. 27.4.6a-d. Atraumatic surgical technique. a Only in
direct handling of the vein with a stay suture or on 
the adventitia. b Local cleaning by irrigation, not with 
a sponge. c Venous suture without use of a forceps. 
d Avoidance of traction on the vein 

however, it has an oval-shaped diameter. Circular 
dissection of the vein at the level of the inguinal 
ligament would greatly increase its tendency to col
lapse. This principle led to the technique of suspen
sion within a ring, developed by Kunlin 
(Fig. 27.4.7). If a vein must be clamped, this 
should be done with a Fogarty hydro grip surgical 
clamp (Edwards laboratories), which keeps the 
damage to the endothelium at a minimum Fig. 27.4.7. Ring suspension as described by KUNLIN 
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Fig. 27.4.8. Fogarty hydro grip clamp for avoiding trau
ma to the endothelium 

(Fig. 27.4.8). Its branches are clipped with exchan
geable soft rubber cushions. For partial exclusion, 
a Satin sky clamp is recommended. Its teeth de
stroy only small islands of endothelium, which are 
rapidly endothelialized from the edges. 

With respect to (b; temporary arteriovenous 
fistula), the technique is described in the chapter 
on acute venous occlusion (see p. 723). 

Femoral bypass according to MAY and HUSNI 
[4]. If it is primarily the femoral vein that is dam
aged as a result of thrombosis, it can obviously 
be bridged by the saphenous vein, which is in that 
case implanted into the popliteal vein. Unfortu
nately, the greater saphenous vein tends to develop 
varices. The operative result, therefore, is depen
dent on the function of the valves. 

2. Indications 

An indication for surgery is a severe obstruction 
to venous outflow, demonstrated venodynami
cally, together with the appropriate clinical symp
toms. Venography will usually show the obstruc
tion to be located in the superficial femoral vein. 
An ideal case would be an isolated trauma with 
appropriate sequelae at the level of the thigh. If 
there are post-thrombotic changes at the level of 
the lower leg, the result of the operation can be 
jeopardized by the progressive nature of the dis
ease. A further prerequisite is an intact greater sa
phenous vein. However, even if the valves are com
petent, the tendency to develop varices is great. 

3. Positioning 

The operation is performed with the patient in 
a supine position, the entire leg prepared and 
draped. The distal thigh is supported by two surgi
cal gowns in order to allow external rotation of 
the leg and flexing of the knee. 

4. Exposure and Surgical Technique 

A skin incision of approximately 8 cm is made, 
parallel to the tibia (one fingerbreadth medial to 
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its edge). The incision begins immediately below 
the medial epicondyle. After the skin has been cut, 
one encounters the greater saphenous vein (one 
should try preoperatively to mark it, with the pa
tient standing up); the vein is dissected distally 
with strict observance of the rules for atraumatic 
procedure. After incision of the deep fascia and 
retraction of the gastric muscle, the popliteal vein 
is located on top of the artery in the loose areolar 
tissue. It is dissected out and clamped with small 
atraumatic clamps. After the periphery has been 
locally heparinized with 10000 I.U. heparin, a ven
otomy 3-4 cm long is made. The venotomy should 
be placed as far distally as possible, since this part 
remains unchanged, even in cases of severe post
thrombotic damage. The greater saphenous vein 
is then transected as far distally as possible and 
anastomosed to the popliteal vein, side-to-end and 
without tension (Fig. 27.4.9a, b). For an accurate 
measurement of the length of the greater saphen
ous vein, the patient's knee should be extended. 

The fascia is left open, and the wound is closed 
after a suction drain has been inserted. If in addi-

a b 
Fig. 27.4.9a, b. Femoral bypass according to MAY and 
HUSNI. a In cases of isolated (rare!) thrombosis of the 
superficial femoral vein, the healthy greater saphenous 
vein is transected approximately one handbreadth below 
the knee joint (skin incision is marked by a full line). 
b The distal end is anastomosed side-to-end to the pop
liteal vein without torsion or tension 
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tion incompetent perforating veins are present, 
they are ligated during the same procedure. Post
operatively, the patient is heparinized by continu
ous infusion (the PTT should be increased to two 
or three times the normal value), foot exercises 
are done, and the leg is elevated for 5 days. An 
arteriovenous fistula of the ankle may be added. 

5. Complications 

Because of the anticoagulation with heparin, post
operative bleeding is possible and may lead to a 
thrombosis by compression of the vein graft. 
Therefore, meticulous hemostasis is essential. Mi
nor bleeding from the anastomosis usually stops 
spontaneously. Here, there is great danger that in
terrupted sutures will lead to stenosis. 

6. Postoperative Treatment 

Early evaluations show improvement in the ve
nous pressure curve. However, late results after 
5- 7 years are disappointing. The reason for this 
is that, as a rule, occlusion of the superficial femo
ral vein is not isolated ; there are usually additional 
post-thrombotic changes at the level of the lower 
leg. These are progressive and lead to a worsening 
of the post-thrombotic syndrome. Therefore, it 
should be decided very carefully whether this pro
cedure is indicated. After surgery, long-term com
pression treatment is necessary. Also, warfarin 
anticoagulation therapy under precise control 
(doubled prothrombin time) is necessary. Prob
lems that can be treated surgically (e.g., incompe
tent perforating veins) should be discovered in an
nual checkups and treated appropriately. 

m. Spur of the Pelvic Veins 

1. Anatomy 

The left common iliac vein lies directly on the ver
tebral column and cannot yield to the pulsating 
action of the right common iliac artery, which lies 
against it in front; as a result, the intima of the 
vein undergoes changes in varying degree. Such 
lesions of the intima lead to platelet aggregation, 
then to a fibrous reaction, and finally to the devel
opment of three different forms of vein spur. These 
spurs must be distinguished from the many ana
tomic variations of the veins that are observed in 
this region (Fig. 27.4.10). 
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Fig. 27.4.10a~. Pelvic vein spur. Microtraumas result
ing from the pulsating action of the right common iliac 
artery against the left iliac vein leads to lesions of the 
intima and development of the spur. These start medially 
and laterally (a) and develop over time into septation 
(b) and to a complete obliteration (c) of the vessel 

a 
Fig. 27.4.11 a, b. Impedance of the venous flow by the 
spur. Notice the anteroposterior position of the throm
bosis distally 



736 

The spur occurs in 20% of all adults. However, 
not every spur impedes the venous return; one 
must distinguish between functionally unimpor
tant and functionally active spurs. In any event, 
the spur is responsible for the fact that thromboses 
of the lower extremities occur twice as often on 
the left side as on the right. Bilateral thromboses 
are rare (Fig. 27.4.11) [7,9]. 

2. Indications 

A functionally active spur does not necessarily 
cause symptoms. Frequently, however, venous 
congestion or acute thrombosis of the left leg will 
point to the presence of a spur. In either case, 
immediate venographic clarification is necessary. 

Thrombosis and spur. If an acute thrombosis 
is present, it determines the therapeutic approach 
(see Chap. 27.3, p. 717). If one finds the spur intra
operatively, it is not touched. An arteriovenous 
fistula is created to promote the development of 
collaterals. The fistula is ligated after approxi
mately 3 months. Any further intervention should 
be postponed for 1-2 years following the acute 
thrombosis, because it is only after that period 
of time that no further improvement in collaterali
zation can be expected. When the spur is large 
and the symptoms correspondingly severe, another 
approach is to correct the spur (Palma operation) 
immediately following thrombectomy, in the same 
operative session; this approach is indicated 
especially in cases where no collateralization can 
be documented venographically. 

Spur. If an isolated spur is present with no evi
dence of thrombosis, the indications for surgery 
are as follows: 

1. Severe symptoms, 
2. The spur can be demonstrated radiologically, 

if necessary, by venous puncture at the level 
of the groin. Evaluation of both legs, including 
the pelvis, is essential, 

3. Determination of venous pressure, 
4. Only minor post-thrombotic changes in upper 

and lower leg. 

Determination of venous pressure. With the patient 
lying down, the femoral vein is punctured bilater
ally and connected to a properly calibrated pres
sure gauge (apparatus manufactured by F. Hellige, 
Freiburg, and W. Wilken, Karlsruhe). First, the 
resting pressure is registered. Then, the pressure 
curve is registered while the foot is dorsally flexed 
20 times. Under normal conditions, the pressure 
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rises only minimally. However, if a significant flow 
obstruction is present, the pressure rises markedly. 
A threefold increase in pressure difference is an 
indication for surgery. 

(P exercise diseased side - P rest diseased side) 3 
(P exercise normal side - P rest normal side) T 

Excavation of the vertebral body lying beneath 
the crossing of the artery and vein has not been 
successful. Extensive transposition, for example 
with a vascular prosthesis, is limited to rare special 
cases. At the present time, there are two proce
dures to choose from. 

a) Resection of the Spur. With the patient in a 
supine position an oblique incision is made in the 
flank, and the aortic bifurcation and the left com
mon iliac vein are exposed from the right, using 
a retroperitoneal approach. The aortic bifurcation 
is encircled and retracted, and the vein is clamped 
above the spur. A longitudinal venotomy is made, 
and the spur is removed. The venotomy is closed 
with a patch of autogenous vein or alloplastic ma
terial. An arteriovenous fistula at the level of the 
groin is recommended (see p. 723). 

Because of its extreme technical difficulty and 
the high recurrence rate associated with it, this 
procedure has been replaced to a large extent by 
the Palma operation. 

b) Bypass Procedure. Here, the Palma procedure 
and the high Palma procedure should be men
tioned. These operations are also indicated if a 
unilateral pelvic vein occlusion is present. They 
are dealt with in the following section. 

IV. Palma Procedure (Fig. 27.4.12a-d) [7, 9] 

1. Indications 

The indications are: 
1. Unilateral occlusion of the pelvic veins or a de

compensated spur which has been demon
strated radiographically and functionally (with 
dynamometry). The contralateral side must be 
normal. 

2. Normal veins in both legs, only minor damage 
should be tolerated. 

3. Severe clinical symptoms, i.e., "venous claudi
cation," meaning that the leg swells up during 
exercise because of reactive hyperemia and 
forces the patient to rest. 
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Fig. 27.4.12a-d. Palma operation. a Typical venographic 
appearance of the indication : occlusion of the left pelvic 
veins. b Skin incision. c Exposure of the greater saphen
ous vein on the uninvolved side, distal transection after 
determining the length with a ruler. d The graft is up 
into the right groin and through a tunnel to the left 
groin. Here, the anastomosis with the common femoral 
vein is performed 

4. Venous pressure measurement. A threefold in-
crease must be observed (see p. 728). 

Completely isolated damage to the pelvic veins is 
the ideal indication. However, one should never 
forget that complaints of patients in these cases 
are frequently so minimal that no operation is nec
essary. Even a total occlusion at the level of the 
common iliac vein can be completely compensated 
by venous dynamometry if the necessary collater
als are present. In these cases, a high initial pres
sure difference after ten elevations on tiptoe is ob
served, which normalizes after a short time. The 
decision to operate is easier if the thrombosis is 
1-2 years old and a further improvement of colla
teralization cannot be expected. In an acute occlu
sion which can be treated neither surgically nor 
by fibrinolysis, a primary bypass operation can 
be recommended. 

2. Positioning, Exposure, and Surgical Technique 

With the patient in a supine position, both thighs, 
including both groins, are prepared down to the 
knee. A 10 cm longitudinal inguinal incision is 
made on the normal side to expose the deep veins. 
The greater saphenous vein is exposed medially. 
If it has a very small diameter, further dissection 
is abandoned, and one must resort to a reinforced 
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PTFE prosthesis. If the greater saphenous vein can 
be used, the femoral vein on the diseased side is 
exposed. It is important to perform the anastomo
sis in an unaltered segment of the femoral vein. 
Depending on the circumstances, either the com
mon femoral vein, the superficial femoral, or the 
deep femoral vein is chosen for anastomosis. 

The ideal site of anastomosis is the common 
femoral vein. At this point, the flow is especially 
high because the deep femoral vein empties just 
distally. We do not recommend implantation into 
the greater saphenous vein on the diseased side. 
Even though this procedure is technically very 
easy, the rate oflater occlusion is remarkably high. 
In no case is the femoral vein dissected free about 
its entire circumference, as this might disturb the 
suspension of the vein [9]. The greater saphenous 
vein on the healthy side is then dissected free 
through two or three 10-cm skin incisions down 
to a level just above the knee. The appropriate 
length is measured with a sterile ruler; then, the 
vein is transected between ligatures, fully extracted 
through the inguinal incision, and flushed with he
parinized saline solution. Prior to the transection 
of the saphenous vein, 10 000 I. U. heparin should 
be given systematically. By finger dissection a tun
nel is then created over the symphysis and secured 
with a plastic tube. The vein is pulled through 
this tube to the opposite side, great care being 
taken not to stretch or twist the vessel. The plastic 
tube is then removed. It should be carefully ascer
tained whether there are any varicosities in the 
region of the symphysis, and any that are found 
should be removed. Using a Satinsky clamp, the 
femoral vein on the diseased side is tangentially 
clamped and incised longitudinally over a distance 
of 1.5 cm. The end of the greater saphenous vein 



738 

is tailored so as to fit the venotomy in the femoral 
vein. Then, beginning at the proximal corner, the 
end-to-side anastomosis is performed with running 
sutures of 6-0 Prolene. The anastomosis should 
be done without forceps, using stay sutures, under 
magnification. After the removal of the Satinsky 
clamp, suction drains should be placed in both 
wounds. Reversal of heparinization is not recom
mended. Postoperatively, the patient receives 
5000 I.U. heparin subcutaneously Li.d., or contin
uous heparinization. In the past, this procedure 
has been done without construction of a distal ar
teriovenous fistula, but today the construction of 
this fistula is the rule (see p. 723). 

3. Results 

The success rate is approximately 85%-90%. Ear
ly occlusions are usually caused by faulty patient 
selection or technical errors. If the crossover by
pass remains open for 6-8 weeks, it can be ex
pected to remain open long-term. After several 
years, the greater saphenous vein will show vari
cose changes; however, immediately after surgery 
the venous pressure will normalize quickly and re
main normal in spite of these later changes. During 
later pregnancy, the bypass causes no problems; 
the lumen dilates, but reassumes its normal diame
ter in the postpartum period. 

4. Complications 

Because the patient is fully heparinized during sur
gery and because reversal of heparinization is not 
desirable, the risk of bleeding is increased. The 
hematoma can lead to compression of the bypass 
and subsequently to thrombosis. Therefore, metic
ulous hemostasis is mandatory. 

5. Postoperative Treatment 

Ligation of the fistula is usually done 3 months 
postoperatively. Afterward, venography should be 
performed. Prior to ligation of the fistula, exact 
visualization of the bypass is not possible because 
of the dilution of the contrast material. This can 
be circumvented only by digital subtraction an
giography. Anticoagulation and compression ther
apy should be continued after occlusion of the 
fistula; 6 months after the operation, anticoagula
tion can be discontinued. Whether continuous 
compression therapy is necessary can be deter
mined by venous dynamometry. 
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PTFE grafts in the Palma operation. In the last 
few years, favorable results using alloplastic grafts 
have been reported with increasing frequency in 
the literature. Here, ring-reinforced PTFE is clear
ly the material of choice. Though we are able to 
report long-term follow-up over 14 years with the 
Palma operation, we do not have any information 
on the fate of alloplastic material over 10-15 years 
or during pregnancy. However, the preliminary re
sults are encouraging. 

v. "High Palma" Procedure 

1. Introduction 

A special form of this procedure is the "high Pal
ma" operation as described by Vollmar, which 
consists of connecting the two external iliac veins 
[9]. This procedure is limited to the treatment of 
permanent occlusion or extreme stenosis of the 
common iliac vein. It can be done directly after 
thrombectomy or secondarily, applying the princi
ples of the normal Palma operation (Fig. 27.4.13). 

2. Positioning, Exposure, and Surgical Technique 

The procedure is performed with the patient in 
a supine position and under general anesthesia. 
At a distance of 2 cm cephalad from the inguinal 
ligament, the external iliac vein is exposed from 
both sides preperitoneally through an oblique skin 
incision. Using a long clamp, a tunnel is created 
for the graft, between the rectus abdominis mus
cles and the peritoneum, above the apex of the 
bladder. The anastomosis of the PTFE graft (10-
12 mm diameter) is done with 5-0 Prolene follow
ing oval excisions of the venous wall on both sides. 
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Fig. 27.4.13a-c. The high Palma operation. a Incision 
above the inguinal ligament. Both external iliac veins 
are exposed. b A ring-reinforced PTFE prosthesis (10-
12 mm diameter) is anastomosed on the left side and 
brought preperitoneally to the contralateral side. C 

Right-sided anastomosis. A shunt at the groin level im
proves retrograde flow (see p. 723) 
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In order to perform pulmonary embolectomy and 
caval interruption, knowledge of the four follow
ing anatomic regions is necessary: 

1. The anterior femoral region. For ligation of 
the superficial femoral vein, an oblique right- or 
left-sided incision below the inguinal ligament is 
performed. The same access is used in case of an 
emergency; the extracorporeal circulation is then 
connected to the femoral artery and vein. 

2. Lateral cervical region. For insertion of a ca
val filter, the right internal jugular vein is exposed. 

3. The caval suture filter, plication of the vena 
cava and use of a cava clip require exposure of 
the inferior vena cava through a median laparoto
my or a right subcostal incision. 

4. The embolectomy itself makes a direct ap
proach necessary to the heart via a median sterno
tomy and a consecutive longitudinal opening of 
the pericardium. 

i: For exposure of the common femoral artery 
and vein and their bifurcations the skin of the 

thigh is incised longitudinally, beginning slightly 
below the inguinal ligament and 1 cm lateral to 
where the pulse of the femoral artery is felt. This 
approach avoids lymphatic fistulas (see p. 392). 
Following incision of Scarpa's fascia, the common 
femoral artery and its bifurcation into the deep 
and superficial branch are dissected. The common 
femoral vein is located medial and posterior to 
arterial structures, as are the deep femoral and 
superficial femoral branches. Attention should be 
given to the small veins located behind the superfi
cial femoral artery which cross the deep femoral 
branch. These vessels should be doubly ligated and 
transected, or troublesome bleeding may occur. 

2: The internal right jugular vein is located be
hind the sternocleidomastoid muscle and enters 
the thorax behind the clavicle. At this point, the 
right brachial and innominate veins merge in order 
to form the superior vena cava. 

Mter the platysma has been incised, the internal 
jugular vein is exposed, either by working through 
the fibres of the sternocleidomastoid muscle or fol
lowing lateral incision. The omohyoid muscle 
crosses the internal jugular vein obliquely at its 
midpoint. Mter the muscle has been severed, the 
vein is dissected fully. It has a diameter of approxi
mately 1-2 cm, which changes with respiration 
(danger of air embolism); the medial thyroid vein 
is the only side branch. 

The vagal nerve and the common carotid artery 
are found posterior and medial to the internal jug
ular vein. 

3: The abdominal part of the inferior vena cava 
is located in the right retroperitoneum somewhat 
posterior to the abdominal aorta. It may be ap
proached through a right lateral flank incision or 
through a median laparotomy. If the transabdo
minal approach is chosen, the inferior vena cava 
is covered in its cranial part by the duodenum. 
The ligament of Treitz is then incised in order to 
create a better view of the vessel itself and of both 
renal veins. At the level of the attempted interrup
tion - below the renals, at the level of the third 
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lumbar vertebra - 2 to 3 lumbar side-branches are 
usually encountered. Care must be taken with 
these branches when the vein is encircled with an 
instrument, since bleeding from them may be very 
troublesome, especially when approaching the 
cava from a right lateral position in an obese pa
tient with limited exposure. 

The right ovarian or testicular veins empty into 
the cava from an anterior direction near the right 
renal vein. The left-sided structures merge into the 
homolateral renal vein. (These vein branches can 
only be reached via a transperitoneal approach.) 

On the right side, the psoas muscle borders the 
inferior vena cava, which is crossed from lateral 
to medial by the ureter. The sympathetic trunk 
lies between the psoas muscle and the vena cava 
and above the lumbar veins. 

4: For pulmonary embolectomy, a median ster
notomy is preferred. After the pericardium has 
been opened lengthwise from the diaphragm to 
the innominate vein, one faces the right ventricular 
wall, the right atrium, the ascending aorta, the 
pulmonary trunk, and both venae cavae. The ante
rior intraventricular branch of the left coronary 
artery marks the border with the left ventricle. The 
level of the pulmonary valve is shown by the conal 
branch of the right coronary artery. The trunk 
leads in a cranioposterior direction to its bifurca
tion. 

B. Pulmonary Embolectomy 

Fulminant pulmonary emboli still pose a serious 
threat to a patient's life, even though their pathol
ogy and physiology have been understood for 
more than a century. LAENNEC described "pulmo
nary apoplexy" as early as 1819 [13]. In 1858, 
VIRCHOW [29] recognized the triad of venostasis, 
injury to the vein, and hypercoagulability as pre
requisites for thrombosis of the deep pelvic veins. 
This triad, named after him, still forms the patho
genetic basis, although it seems that venostasis is 
the most important factor. 

I. Indication for Surgical Intervention 
After Fulminant Pulmonary Embolism 

The optimal therapy for pulmonary embolism still 
remains cQntroversial. In 1908, TRENDELENBURG 
[26] recommended surgical treatment, although he 
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never performed this intervention in a clinical situ
ation. The first successful clinical embolectomy, 
the extraction of an embolus from the trunk of 
the pulmonary artery, was performed by 
KIRSCHNER [12] in 1924. VOSS-SCHULTE [30] re
ported in 1965 on 43 interventions performed be
tween 1957 and 1963, in 7 of which the patient 
survived long-term. The study revealed a high op
erative mortality if performed without the support 
of extracorporeal circulation, a technique that was 
introduced by SHARP [22] and COOLEY [4] in the 
early sixties. 

After BAUER [3], BARRITT and JORDAN [2] de
scribed heparin as a major principle of therapy 
for pulmonary emboli, the pendulum seems to 
have swung more and more in the direction of 
conservative treatment. If the patient survives the 
acute event for longer than 2 h and remains hemo
dynamically stable, the prognosis on anticoagula
tion alone is excellent. 

Nowadays, surgical embolectomy seems to be 
justified only if the patient remains hypotensive 
despite intensive pharmacological support with 
catecholamines, vasodilators, and heparin. Ac
cording to SASAHARA [20], embolectomy is indicat
ed only when the systolic blood pressure remains 
below 90 mmHg for 1 h, the urinary output mea
sures less than 20 ml/h, and the arterial oxygen 
tension stays at 60 mmHg. 

If sudden cardiac arrest occurs, minimal circu
lation is maintained by means of cardiac massage; 
the patient is quickly intubated and ventilated. If 
the pupils remain small and react to light again, 
the diagnosis of pulmonary embolus and the indi
cation for emergency embolectomy is based on the 
history (which includes previous surgery, delivery, 
and extended bed rest) and clinical findings alone. 
The classic signs of a large-sized pulmonary embo
lus are dyspnea, crushing chest pain, tachycardia, 
hypotension, and venous inflow obstruction; right 
ventricular strain patterns are seen on the electro
cardiogram. 

If the condition of the patient allows further 
diagnostic measures, i.e., pulmonary scan and pul
monary arteriography, these should be undertaken 
to delineate the extent of pulmonary embolization. 
If more than half of both lungs are involved, sur
gery is indicated, especially if catecholamines are 
necessary to maintain hemodynamic stability. 
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II. Surgical Techniques 

1. Embolectomy in Inflow Occlusion 
(see also Vol. VI/1 of the Surgical Handbook, 
p. 561) 

A median sternotomy using an oscillating or an 
electric saw opens the thorax (Fig. 27.5.1 a). The 
pericardium is then incised longitudinally. The 
right atrium appears engorged; contractions of the 
right ventricle are impeded. With the aid of a large 
right-angled clamp, the inferior and superior vena 
cava are taped. A stay suture (4-0 polypropylene) 
is placed in the anterior wall of the pulmonary 
artery trunk, 1 em above the valvular annulus; an
other, 4-5 em more cranially. An assistant then 
pulls the two sutures anteriorly. The surgeon par
tially occludes the pulmonary artery trunk with 
a Satinsky clamp; the arteriotomy is made. The 
time is noted, and both venae cavae are snared. 
Within 5 s after the heart has emptied, the clamp 
on the pulmonary artery trunk is removed. A suc
tion device is now inserted into the pulmonary ar
tery trunk and all its branches. 

At the same time, the anaesthetist repeatedly 
inflates the lungs in order to express peripheral 
thrombi, which can then be removed by suction. 

Fresh and soft thrombi are sucked up and dis
appear in the drainage without being detected 
visually by the surgeon. 

The heart continues to beat during these manip
ulations, and a minimal circulation is usually 
maintained. However, after 90-120 s the interven
tion must be discontinued. The anaesthetist imme
diately expands the lungs, thus filling the distal 
parts of the pulmonary artery system. At the same 
time, the snare around the superior vena cava is 
loosened and blood fills the right ventricle. The 
assistant then pulls again on both sutures within 
the pulmonary artery wall, facilitating the place
ment of the Satinsky clamp. Finally, the snare on 
the inferior vena cava is loosened. Usually, force
ful contractions of the heart and an increase in 
blood pressure occur instantaneously. 

The procedure may be repeated once or twice 
if it is uncertain whether all emboli have been ex
tracted. Small peripheral emboli can, in addition, 
be removed by manual compression of the lung. 
This measure necessitates the opening of the pleu
ral cavities and subsequent drainage. 

Closure of the pulmonary artery incision is 
done with a double running suture of 4-0 or 5-0 
polypropylene. 

W. KLINNER and B. REICHART 

The chest is closed, leaving the pericardium 
open. Two chest drains are left, one behind the 
heart and one behind the sternum. The latter is 
closed with 5-7 single wire loops. Subcutaneous 
tissue and skin are closed separately. 

2. Embolectomy with the Help 
of Extracorporeal Circulation 

If an extracorporeal bypass machine is available, 
it should always be used (Fig. 27.5.1 b). This will 
ensure that the surgeon is not pressed for time, 
and that support of the right ventricle after embo
lectomy is possible. The thorax is again opened 
through a median sternotomy. After heparin has 
been given, the aorta and the inferior and superior 
venae cavae are cannulated, and extracorporeal 
circulation commences. The pulmonary artery 
trunk is opened. A search for emboli in the 
branches of the pulmonary artery can now be 
made without time constraints. A curved suction 
device (Fig. 27.5.1 c) has proven to be superior 
to pliable catheters. 

The pulmonary artery is closed using 4- or 5-0 
polypropylene. The moment stable hemodynamics 
are achieved, the extracorporeal circulation is 
stopped and the cannulae removed; protamin is 
given and the chest closed as already described. 

3. Embolectomy During Resuscitation Measures 

The patient is placed on the operating table in 
a supine position; both inguinal regions are pre
pared and draped while the cardiopulmonary by
pass is being readied. Heparin is given. 

Following a longitudinal incision in the groin 
area, the common femoral artery is dissected, to
gether with its bifurcation into the superficial and 
deep branches. The vessels are encircled with um
bilical tapes. Following occlusion of the femoral 
artery proximally and distally, a transverse arterio
tomy is made and an appropriate cannula inserted 
and fixed in place. The arterial tubing of the car
diopulmonary bypass is connected. A fine purse
string suture is placed in the common femoral vein, 
which is then occluded distally and cannulated 
with the largest catheter. Care must be taken to 
advance the cannula into the inferior vena cava. 
The venous tubing is then connected to the heart
lung machine. 

During this time cardiac massage must be con
tinued. After extracorporeal circulation and cool
ing have begun (an esophageal temperature of 300 
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Fig. 27.5.1. a Opening of the thorax through a longitudi
nal incision (broken line). b Schematic representation of 
the extracorporeal circulation; the blood drains by grav
ity from both venae cavae and is first passed through 
the oxygenator (shown as a bubble device). The oxygen
rich blood is then moved by means of a roller pump 
through a heat exchanger, which makes it possible for 
the patient's body to be cooled and rewarmed. It is then 
pumped into the ascending aorta (broken line, incision 
in the pulmonary artery trunk). c The pulmonary artery 
trunk is opened. An embolus is grasped with a forceps 
and extracted. The inset shows how peripheral thrombi 
can be removed by means of a suction device 
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is aimed at), the thorax is opened in the fashion 
already described. Cooling, however, should not 
be carried out if aortic insufficiency is present. 

If ventricular fibrillation is encountered, defi
brillation should be attempted. After cannulating 
the superior and inferior vena cava, the cannula 
from the femoral vein may be removed. 

On full bypass, a longitudinal incision is made 
in the pulmonary artery trunk, and the operation 
proceeds as described in Section B 11.2. The sur
geon has now enough time to search for emboli 
in all branches of the pulmonary artery. 

When no more emboli are found, the pulmo
nary artery is closed while the lungs are expanded; 
a double running suture of 4-0 or 5-0 polypropy
lene is utilized. 

Operative mortality following pulmonary em
bolectomy remains high at between 20% and 90%, 
depending on the underlying conditions. At our 
hospital, 11 of 23 patients who underwent embo
lectomy survived long-term (=47.8%). The best 
results are reported by TSCHIRKOV and co-workers 
from Frankfurt [27]. After adopting the principles 
of SASAHARA for their patient selection, the opera
tive mortality dropped from 43% to 23%. 

Patients who survive pulmonary embolectomy 
can expect normal pulmonary function [24]. 

4. Catheter Embolectomy 
According to GREENFIELD 

GREENFIELD and co-workers [7] have described a 
method in which embolectomy is done without 
thoracotomy. The long catheter is introduced into 
the pulmonary artery via the common femoral 
vein, the iliac vein, the right atrium, and the ventri
cle. The tip of the catheter is provided with a suc
tion device, which is directed by means of a steer
ing mechanism into the branch of the pulmonary 
artery where one suspects the embolus. When the 
embolus comes into contact with the suction de
vice (the approach can be controlled by means 
of contrast medium), a vacuum is created at the 
proximal end of the catheter, thereby fixing the 
embolus by suction and allowing it to be removed 
via the femoral vein. GREENFIELD and co-workers 
have treated 15 patients using this technique and 
were able to remove the embolus in 13 cases. Three 
patients died, constituting a mortality of 20% [9]. 
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5. Surgical Treatment of Chronic 
Pulmonary Emboli 

In a patient who survives pulmonary embolism, 
the natural outcome is lysis and reconstitution of 
the vascular bed. In rare cases, however, this pro
cess does not take place. Since the work of LJUNG
DAHL [14], it has been known that pulmonary em
boli, which do not lyse, are transformed into tight 
fibrous tissue. Blocking or stenosis result and can 
be the cause of pulmonary hypertension and, ulti
mately, cor pulmonale. Clinically, these patients 
show severe resting dyspnea owing to chronically 
low arterial oxygen content. 

Surgical therapy consists in desobliteration of 
the pulmonary artery. For this procedure, the pa
tients must be connected to cardiopulmonary by
pass as already described. An incision is usually 
made in a pulmonary artery branch. Then, using 
a dissector, a plane is developed between the wall 
of the pulmonary artery and the organized throm
bus; the removal of the thrombus is aided in part 
by gentle traction. If it cannot be extracted com
pletely, however, further incisions into the periph
ery of the pulmonary artery may be necessary. The 
operation is successful when blood flow returns 
from the distal part of the vessel. 

Incisions in the pulmonary artery are closed 
with a continuous suture of 4-0 or 5-0 polypropy
lene. Disconnection from cardiopulmonary bypass 
and closure of the wound follow the technique 
already described. 

In rare terminal cases with cor pulmonale, 
heart-lung transplantation may be justified. 

C. Partial or Total Interruption 
of the Inferior Vena Cava 

I. Indications 

Surgical and medical prophylaxis of pulmonary 
embolism, which is mostly caused by deep vein 
thrombosis of the legs or of the pelvis, continue 
to be controversial. 

In 1934, the principle of creating a surgical 
blockade between the thrombus and the pulmo
nary artery was first described by HOMANS [10] 
who recommended ligation of the common femo
ral vein distal to the major saphenous vein branch. 
This surgical procedure, however, was associated 
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with a high recurrence rate of pulmonary emboli 
of up to 24%. As a result, OCHSNER and DEBAKEY 
[17] recommended total ligation of the inferior 
vena cava below the renals. 

The prophylactic treatment with low dose i.v. 
heparin, introduced by SHARNOFF [21] in 1960, 
tries to counteract the pathophysiologic processes 
at an even earlier stage; heparin in low dosage 
activates the plasma inhibitors of factor X. This 
treatment was modified in 1971 by KAKKAR [11] 
who described the more convenient technique of 
subcutaneous injections. Since then, surgical meth
ods of preventing pulmonary embolism - whether 
by ligation of the inferior vena cava or with some 
modification using filters or clips - are indicated 
only under special conditions, particularly because 
they are associated with significant postoperative 
complications, e.g., extremity edema. However, 
under anticoagulant therapy, there remains a 5%-
25% risk of a pulmonary embolism. If pulmonary 
embolism has already occurred, the chance of a 
second episode is 4%-20%. 

Nowadays, surgical interventions are still rec
ommended when anticoagulant therapy is unsuc
cessful or even contraindicated, as in cases of 
stroke, trauma of the central nervous system, 
malignant hypertension or gastrointestinal bleed
ing. Multiple small emboli may cause pulmonary 
hypertension and secondary cor pulmonale. In 
these rare cases, the inferior vena cava should be 
ligated, but a filter or clip should not be used. 
For similar reasons, caval interruption is indicated 
in patients who already have pulmOIl.ary hyperten
sion and present with signs of a threatening throm
boembolism. Septic pulmonary emboli, in spite of 
adequate antibiotic treatment, are also an indica
tion for caval interruption to prevent the develop
ment of pulmonary abscesses. 

The opinion that the vena cava should always 
be blocked following an embolectomy is still con
troversial. According to MILLER and co-workers 
[15] - and our own personal experience - this pro
phylactic intervention is not necessary; instead, 
anticoagulant therapy is begun immediately after 
the operation and maintained for 6 months, first 
with heparin, then with coumarin derivatives. 
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II. Choice of Procedure 

Of particular importance are the general condition 
and age of the patient, as well as any concomitant 
diseases. Existing heart failure necessitates choos
ing the quickest and the least traumatizing inter
vention. The magnitude of the operative trauma 
increases in the following order: ligation of the 
superficial femoral vein, positioning of a caval 
filter according to MOBIN-UDDIN [16] or KIMRAY
GREENFIELD [8], fixation of a caval clip according 
to ADAMs-DE WEESE [1] and finally - the most 
extensive procedure, which may be reserved for 
cases of septic emboli, vascular anomalies, and mi
croemboli - total ligation of the cava using a trans
peritoneal approach following median laparotomy 
[18]. 

The intraluminal caval filter and the Adams-De 
Weese clip, which effect a partial occlusion of the 
vein, offer protection against bigger emboli, more 
than 4 mm in diameter. If smaller emboli occur 
only occasionally, they hardly ever cause death. 
One should, however, keep in mind that, following 
partial interruption of the vena cava, total block
ing often occurs as a result of the entrapment of 
additional emboli, and through secondary throm
bosis. Nevertheless, the primary choice of proce
dure nowadays will preferably be one involving 
partial interruption. 

ID. Surgical Techniques 

1. Ligation of the Superficial Femoral Vein 

This can be done under local anesthesia. The pa
tient is in a supine, slightly reversed Trendelenburg 
position, with the upper body elevated 10° to 
create a positive venous pressure in the femoral 
vein. The incision starts at the inguinal ligament 
and is extended longitudinally somewhat lateral 
and anterior to the common femoral artery, down 
to the junction of the deep and superficial femoral 
veins. The superficial femoral vein is doubly encir
cled with nonabsorbable 4-0 sutures, ligated, and 
transected. Fresh thrombi are removed prior to 
this maneuver from proximal and distal with a 
Fogarty catheter. If the catheter cannot be passed 
distally, the thrombi are expressed by an Esmarch 
bandage, starting from the foot (see p. 722). 

The ligation of the superficial femoral vein is 
nowadays only rarely indicated, for example, in 
seriously ill patients when a caval umbrella filter 
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is not available. Furthermore, in spite of this oper
ation, pulmonary emboli can occur, originating 
from the" healthy" leg. 

2. Vena Cava Umbrella According to 
MOBIN-UDDIN and KIM-RAy-GREENFIELD 

Both filters are positioned by the same technique. 
The umbrella-shaped filter is attached to a catheter 
in the closed position and introduced into the infe
rior vena cava via the internal jugular vein, superi
or vena cava, and right atrium. The Kim-Ray
Greenfield filter can also be inserted via the com
mon femoral and iliac vein. However, a different 
introducer set is needed for this route. The Mobin
Uddin filter can only be placed via the internal 
jugular vein. 

a 
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Fig. 27.5.2. Assembly of the introducer set of a Mobin
Uddin umbrella filter: There is a handle on the right
hand side which may be attached to a wire in a fixed 
position. The wire runs through the carrier catheter 
(shown broken) and extends it. The tip of the wire is 
equipped with a thin metal cone with threads on which 
the umbrella filter is mounted. On the left-hand side 
is the loading cone 

The apparatus for introducing the Mobin-Ud
din filter consists of a yellow carrier catheter, with 
the loading cone located on the tip. This cone con
tains the folded umbrella-shaped filter. A handle 
to allow the discharge of the umbrella is attached 
to the end of a wire that runs the length of the 
catheter and extends beyond the loading cone. The 
cylindrical metal tip of the wire, 1 mm in diameter, 
is equipped with threads. The umbrella, with a 
perforated covering, is 28 mm in diameter and has 
six spokes; it is loosely screwed onto the threads. 
The tips of the spokes extend 2 mm beyond the 
edge of the umbrella (Fig. 27.5.2). 

Fig. 27.5.3. a Insertion of a Mobin-Uddin umbrella filter 
into the inferior vena cava through the right internal 
jugular vein (broken line, skin incision). b Surgical anato
my: The internal jugular vein is dissected, doubly encir
cled and the tapes fitted with tourniquets. The large ve
nous branch from the thyroid vein is also encircled. To 
the right one sees the common carotid artery (broken 
line indicates the planned incision into the internal jugu
lar vein). c Insertion of the loading cone containing the 
umbrella; the proximal tourniquet around the internal 
jugular vein is pulled tight 
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The actual procedure is carried out under local 
anaesthesia, if necessary at the bedside. The pa
tient is in a supine position, the head turned to
wards the left. For cosmetic reasons, the skin inci
sion may be done transversely over the head of 
the sternocleidomastoid muscle 1-2 cm above the 
clavicle (Fig. 27.5.3a); longitudinal incisions be
tween the clavicular and the sternal muscle inser
tion will, however, facilitate the venous access. 

After the platysma has been transected, the two 
heads of the sternocleidomastoid muscle are sepa
rated bluntly in the direction of the fibres. The 
jugular vein is then located beneath the fascia. The 
vessel is dissected over a distance of approximately 
4 cm and encircled proximally and distally with 
umbilical tape (Fig. 27.5.3b). The medial thyroid 
vein is divided between ligatures; if necessary, the 
omohyoid muscle is divided in a similar way for 
adequate exposure. The filter can now be intro
duced into the venous system: first, the internal 
jugular vein is occluded proximally and distally 
with umbilical tapes fitted with tourniquets; the 
vessel is then incised longitudinally. The proximal 
tape is loosened, allowing the loading cone with 
the folded Mobin-Uddin umbrella to be intro
duced into the lumen of the vessel (Fig. 27.5.3c). 
Under fluoroscopic control, the loading cone is 
positioned over the lower margin of the third lum
bar vertebra. This point is always below the renal 
veins and above the iliac bifurcation (Fig. 27.5.4). 
In addition a cavogram, which may be produced 
via a side-connection of the Mobin-Uddin cathe
ter, can provide an exact localization. This mea
sure is especially recommended when anomalies 
of the inferior vena cava are suspected. 

The folded umbrella is then discharged from 
the loading cone under fluoroscopic control and 
pulled gently proximally in order tc allow the 
spokes to become engaged with the venous wall. 
During this maneuver, the caval filter should not 
tilt; if it does, one should assume that the spokes 
are to some extent freely movable. If unscrewed 
under these circumstances the umbrella could em
bolize into the right heart and finally into the lung. 
If it is not possible to fix an umbrella safely, it 

Fig. 27.5.5a-c. After the correct position below the renal 
veins has been ascertained (a) the umbrella is discharged 
with the aid of the wire and pulled back gently in order 
to allow the spokes to contact the venous wall (b); there
after, the carrier catheter is removed by rotating the 
wire counterclockwise, thereby unscrewing it from the 
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Fig. 27.5.4. Positioning of the Mobin-Uddin inferior 
vena cava umbrella; the correct position of the carrier 
catheter is shown schematically. The loading cone must 
be positioned below the renal veins 

RighI renal v. Left renal v. 
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fixed Mobin-Uddin umbrella (c) a b c 
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should be removed through an "emergency exit" 
via the iliac and femoral veins. 

If the caval filter is in a satisfactory position, 
the wire is detached and removed (Fig. 27.5.5a--<:). 

The description of the positioning of the caval 
filter appears more complicated and dangerous 
than it is in reality. Incorrect placement of the 
filter proximal to the renal vein or in one of the 
iliac veins can be avoided if the proper technique 
is applied. Retroperitoneal hematoma - another 
complication - may occur when the sharp spokes 
of the umbrella perforate the vena cava; this can 
be avoided if heparin is discontinued 1 h prior to 
the procedure. 

Umbrella filters establish a partial blockade of 
the inferior vena cava, thus providing protection 
against significant emboli while at the same time 
avoiding the risks of extremity edema associated 
with ligation. However, this theoretical concept 
cannot always be realized: The holes in the um
brella material cause turbulence in the venous 
blood flow which can ultimately lead to thrombo
sis of the entire surface of the filter - the incidence 
being 67% for all sizes of umbrella. A lower occlu
sion rate can be expected with newer models, coat
ed with heparin. 

Another device, the Kim-Ray-Greenfield caval 
filter, has been commercially available for some 
time (Fig. 27.5.6). It seems to have certain advan
tages compared with the Mobin-Uddin umbrella: 
The filter consists of six fine steel wires, welded 
together to form a tip. The separate ends of the 
wires are bent like fish hooks and penetrate very 
gently into the venous wall. In contrast to the 
Mobin-Uddin umbrella, the tip of the Kim-Ray
Greenfield filter points towards the heart. Because 
of its conical shape, thrombi form in the centre 
first, thus leaving the outer parts of the filter unob-

Fig. 27.5.6. Kim-Ray-Greenfield filter, including the in
sertion apparatus. The drawing below shows the folded 
filter within the loading cone. The two arrows indicate 
the loading move (above) and discharge move (below) 

-
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structed; clinical investigations prove a patency 
rate of97%. 

The technique of implantation is analogous to 
that described for the Mobin-Uddin umbrella. 
Here too, a carrier catheter is equipped with a 
metal loading cone at the patient's end, into which 
the folded wire cage fits. At the surgeon's end there 
is, once again, an adjustable handle on a wire that 
runs through the catheter to extend it; the wire 
ends in a metal pin. During loading, the metal 
pin is pulled towards the bottom of the loading 
cone by means of the wire. The filter is then pushed 
as far as possible into the cone by hand and then 
fully inserted by means of a loading stick. In order 
to prevent non-opening of the filter, one must 
make sure that the fine wires do not become entan
gled during this procedure. 

As with the Mobin-Uddin umbrella, precise po
sitioning at the lower margin of the third lumbar 
vertebra is verified by fluoroscopy; the filter is 
then discharged by pushing the metal pin out of 
the loading cone. 

A Kim-Ray-Greenfield filter may be introduced 
via the common femoral vein as well. This can 
be advantageous if the indication for a caval inter
ruption is made during venography of the legs or 
during a thrombectomy procedure of the iliac or 
femoral veins. In these cases, a different introducer 
set with an oval piston in order to unfold the filter 
is necessary. 

3. Positioning of a Vena Cava Clip According 
to ADAMs-DEWEESE (Suture Filter According 
to DEWEESE, Plication of the Inferior Vena 
Cava According to Spencer) 

Ligation of the inferior vena cava leads to extremi
ty edema in a high percentage of cases. As a conse
quence several partial interruption techniques have 
been developed in the past. Common to all of them 
is the subdivision of the large lumen of the inferior 
vena cava into several smaller compartments in 
order to trap fatal emboli on their way to the 

-
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lungs, while otherwise preserving the caval blood 
flow. For all techniques, access to the inferior vena 
cava is necessary. 

The DeWeese suture grid is constructed by re
peatedly transfixing the vessel with sutures placed 
2-3 mm apart ([5]; Fig. 27.5.7). 

The method of SPENCER [25] seems to be 
simpler. Here, the vena cava is plica ted by means 
of two mattress sutures placed 4-5 rnrn apart, 
thereby dividing the vessel into three compart
ments (Fig. 27.5.8). 

The Adams-DeWeese clip represents an even 
simpler application of this principle [1]. This Tef
lon clip consists of two branches, both 35 rnrn in 
length. One branch is smooth, while the other has 
3 teeth like a comb. When the clip is closed, it 
creates four compartments, each 4 mm in diameter 
(Fig. 27.5.9a, b). 

The inferior vena cava is approached through 
an incision in the right flank similar to that used 
for a lumbar sympathectomy. After general endo
tracheal anesthesia has been induced, the patient 
is brought to a left lateral position. A cushion is 
positioned underneath the left kidney area; the left 
leg is flexed, the right leg extended. The skin inci
sion follows a curve two finger breadths below 
the margin of the right 12th rib. The layers of 
the abdominal external/internal oblique and trans
verse muscles are separated in the direction of the 
fibres. The peritoneum is dissected bluntly from 
the surrounding fat and connecting tissue. During 

Fig. 27.5.7. Suture filter developed by DEWEESE [5]. A 
nonabsorbable suture is repeatedly passed through the 
vena cava transversely at intervals of 2- 3 mm. The su
ture is tied in the middle of the anterior circumference 
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Fig. 27.5.8. Partial interruption of the vena cava accord
ing to SPENCER [25]. Two mattress sutures are placed 
through the vena cava 4-5 mm apart 

a 

Righi renal v LeI! renal v. 

Fig. 27.5.9. a Caval clip as developed by ADAM-DE 
WEESE [1]. b Adam-DeWeese clip in the closed position. 
The vena cava can be approached retroperitoneally as 
well as transperitoneally (as shown in this case) 
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tl'i.is procedure, the right psoas muscle can be pal
pated. The peritoneal sac is then held back, prefer
ably using a large Harrington retractor. The vena 
cava appears medial to the psoas muscle. One 
should free the vein only where necessary in order 
to avoid undue injury to the lumbar veins. The 
vena cava is finally lifted gently with a vascular 
forceps and encircled with a large right-angled 
clamp. (During this maneuver one should bear in 
mind that there may be thrombi within the vessel. 
If this is the case, they can be removed after open
ing the cava.) The Adam-DeWeese clip is then 
guided with its smooth branch behind the inferior 
vena cava; it is closed by tying the two branches 
together (Fig. 27.4.9b). 

The abdominal incision is sutured in layers; a 
drain is usually not necessary. 

The clip operation carries a risk of between 1 % 
and 9% in comparison with 3 % for umbrella filter 
procedures [18]. Reports differ concerning the ca
val patency rate; bilateral edema of the legs indi
cates complete occlusion of the inferior vena cava 
at the level of the clip. In order to avoid this com
plication, anticoagulation treatment for a few 
months is recommended. If edema of the leg does 
occur, however, one must start immediate and ef
fective treatment. Elastic bandages should be ap
plied, starting from the feet up to the thigh. This 
makes early walking possible. While the patient 
is lying in bed the legs should be elevated by 15°-
20°. In the later, postoperative phase grade II com
pression stockings should be worn until the swell
ing has completely subsided. 

4. Ligation of the Inferior Vena Cava 

Interruption by ligation is the most radical but 
also the safest palliative procedure. It is indicated 
for repeat microemboli that are too small to be 
intercepted by any of the techniques described 
above and is the only procedure that should be 
used for the prevention of septic emboli. One pos
sible approach for ligation is through the right 
flank incision just described. However, the trans
abdominal access is preferable for two reasons: 

Firstly, additional procedures, such as removal 
of septic foci in the region of the pelvis, may be 
necessary. 

Secondly, in female patients, the ovarian veins 
may also be ligated in order to increase the effec
tiveness of the palliation. It is known that both 
ovarian veins can increase in size remarkably after 
ligation of the inferior vena cava and become the 
source of fatal pulmonary emboli. 
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After induction of general endotracheal anes
thesia, the procedure is performed through a long 
midline incision, extending from the xiphoid to 
one handbreadth below the umbilicus. Then, a 
self-retaining retractor, for example of the 
Kirschner type, is inserted. Jejunum and ileum are 
covered with moist pads and retracted towards the 
right, thereby permitting a view of the duodenum, 
the abdominal aorta, and the inferior mesenteric 
vein. The ligament of Treitz is transected at the 
left border of the duodenum and the peritoneum 
incised over the abdominal aorta. The anterior sur
face of the aorta is exposed only in order to ascer
tain the position of the left renal vein. The aorta 
is then encircled with an umbilical tape and re
tracted slightly to the left. The inferior vena cava 
is identified on the right side of the aorta and dis
sected as much as necessary. A right-angled clamp 
is passed twice around the vessel, which is then 
doubly ligated using non-absorbable suture mate
rial. Finally, in females, the ovarian veins are oc
cluded. The right vein empties at the anterior sur
face into the inferior vena cava, close to the right 
renal vein; the left drains directly into the homola
teral renal vessel. In order to facilitate ligation, 
the inferior mesenteric vein may be transected be
tween ligatures. 

The abdomen is closed in layers, drains are un
necessary. 

Ligation of the vena cava may also be achieved 
through a right subcostal incision. The liver is re
tracted cranially and the hepato-colic ligament 
transected. The duodenum is mobilized by the 
Kocher maneuver; the inferior vena cava will then 
be found in the middle of the operative field. 

Since the approach just described is more com
plicated and riskier than the other, it should be 
used only as an alternative. 

Ligation of the cava has been controversial 
from the start. There have always been enthusias
tic advocates [18] as well as detractors [19]. Re
ports of a high operative mortality of up to 40% 
have been published; VERAT and co-workers [28] 
attributed a decreased p.o. exercise tolerance to 
the diminished venous return from the lower ex
tremities. 

More recently, however, the introduction of 
new techniques, such as the previously described 
intraluminal filter procedure for very sick patients, 
has contributed to greater rigour in patient selec
tion for caval ligation and consequently to a lower
ing of the operative mortality. DONALDSON [6] re
ports a total operative mortality of 21 %, SILVER 
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[23], of 15%. Ligation of the vena cava also carries 
a high morbidity: venostasis is reported in 10%-
50% of cases. The clinical picture consists of ede
ma of the legs, dermatitis, varicose veins, and 
chronic ulcers. OCHSNER [18], however, states that 
morbidity can be reduced by the early application 
of elastic bandages to the upper and lower leg 
while the patient is still in the operating room (for 
further therapeutic measures see p. 732). The pre
scription of heparin or coumarin derivatives does 
not seem to be necessary. 
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A. Anatomy and Pathophysiology 

The portal system drains all of the venous blood 
from the gastrointestinal tract and in part from 
the esophagus, spleen, and pancreas and trans
ports it to the liver. Four large veins contribute 
to the portal vein (Fig. 28.1): the superior coro
nary vein of the stomach, the superior mesenteric 
vein, the splenic vein, and the inferior mesenteric 
vein. The portal vein itself, the splenic vein, the 
superior mesenteric vein, and rarely the coronary 

vein are of importance for the surgery of portal 
hypertension. An exact knowledge of the anatomic 
relationship of these large veins is, therefore, indis
pensable. The portal vein runs in the hepatoduo
denalligament (Fig. 28.2). Anteriorly, it is accom
panied by the hepatic artery and the common bile 
duct. If cirrhosis of the liver is present, one usually 
finds enlarged and engorged lymph nodes caudal 
to the portal vein, which can make the dissection 
of the vessel more difficult. Immediately before 
entering the liver parenchyma, the portal vein di
vides into two large branches that lead to the right 
and left hepatic lobe. Occasionally, the right hepat
ic artery, originating from the superior mesenteric 
artery, runs caudal to the portal vein. Many varia
tions are possible (one must be careful of acciden
tal injuries during dissection). 

The foramen of Winslow separates the portal 
vein from the infrahepatic portion of the inferior 
vena cava. 

The coronary vein of the stomach is located at 
the lesser curvature, runs caudal to the left gastric 
artery, and joins the portal vein behind the head 
of the pancreas. In the presence of portal hyperten
sion, it can assume a rather large diameter. It is 
one of the most important collaterals to the esoph
ageal veins. 

The superior mesenteric vein is located to the 
right of the superior mesenteric artery. Both ves
sels cross over the fourth portion of the duode
num. Behind the head of the pancreas the superior 
mesenteric vein and the splenic vein join nearly 
at a right angle to form the portal vein. 

The splenic vein is formed by the confluence 
of several large branches emerging from the hilus 
of the spleen; behind the pancreas it flows into 
the portal vein after being joined by the inferior 
mesenteric vein and numerous small veins from 
the pancreas. These small pancreatic branches are 
easily tom during dissection for a splenorenal 
shunt. 

The inferior mesenteric vein drains the blood 
from the left colon. It runs in the infraduodenal 
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Fig. 28.1. Anatomy of the portal circulation with the 
main venous trunks : superior mesenteric vein, splenic 
vein, inferior mesenteric vein, and left gastric vein 

fold beneath the transverse mesocolon and the 
pancreas and finally joins the splenic vein. The 
exact location of this junction is not constant; the 
inferior mesenteric vein occasionally joins the su
perior mesenteric vein as well. 

Forms of Portal Hypertension 

One can distinguish between hypertension caused 
by increased resistance and hypertension caused 
by increased volume. If it is caused by increased 
resistance, one can distinguish between prehepatic, 
intrahepatic, and posthepatic block. 

Esophagus 
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1. The prehepatic block is caused by a thrombosis 
in the portal circulation. This can be located exclu
sively in the splenic vein (peripheral prehepatic 
block; Fig. 28.2a) or centrally in the portal vein 
itself (Fig. 28.2b). Therefore, one can distinguish 
a segmental from a general portal hypertension. 
An isolated thrombosis of the splenic vein fre
quently leads to bleeding from fundal varices; if 
the main portal vein is thrombosed, ascites or hy
persplenism dominate the clinical picture. 

2. An intrahepatic block can be either pre- or 
postsinusoidal (Fig. 28.2c). The presinusoidal 
form is caused by bilharziosis and is of no impor
tance in Europe, where the postsinusoidal form, 
observed in cirrhosis of the liver, is most impor
tant. In 95% of all patients with portal hyperten
sion, cirrhosis of the liver will be the cause; this 
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Fig. 28.2a-d. Different forms of obstruction in portal 
hypertension. a Peripheral prehepatic block with throm
bosis of the splenic vein. b Central prehepatic block with 
thrombosis of the portal vein. c Postsinusoidal intra
hepatic block with liver cirrhosis (most common form). 
d Posthepatic block (Budd-Chiari syndrome) with occlu
sion of the liver veins 

can be alcoholic, posthepatic, or biliary in nature. 
Not infrequently, one finds a combination of pre
and intrahepatic block. 

3. The posthepatic block is very rare (Fig. 28.2d). 
It is known as Budd-Chiari syndrome or, when 
small intrahepatic veins are obliterated, as "ve
nous occlusive disease" (VOD). Essentially, what 
is involved here is the obstruction of hepatic ve
nous drainage owing to the occlusion of the inferi
or vena cava by a tumor or to thrombosis of the 
hepatic veins (endophlebitis hepatica, allergic vas
culitis, cytostatic chemotherapy). 

4. Portal hypertension secondary to increased 
volume or hyperkinetic hypertension is caused by 
arterioportal fistulas, usually traumatic or iatro
genic in origin. They occur, e.g., after splenectomy, 
cholecystectomy, or gynecologic procedures. As a 
consequence of the arterialization, there is a signi
ficant rise in pressure in the portal system [15]. 
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Common to all forms of block is the develop
ment of a collateral circulation to the caval system 
(Fig. 28.3). As a result, the diseased liver under
goes hemodynamic changes that are of significance 
for surgical therapy: 

1. The hepatic artery can compensate for a re
duction in portal flow up to a certain point. In 
a healthy person, the artery contributes one-third 
of the total perfusion of the liver, while in a cir
rhotic patient it accounts for approximately 60%-
80% of the total - in other words, double the 
normal volume. 

2. The ability of the hepatic artery to compen
sate is limited to a maximal flow of 1200 ml/min. 

3. In 9% of all patients with cirrhosis a reversal 
of flow in the portal vein occurs. This means that 
arterial blood is shunted away from the hepato
cytes through a presinusoidal arterioportal con
nection into the portal vein. Thus, in every case 
of advanced intrahepatic block caused by cir
rhosis, a hyperkinetic component is present. 

For the clinical picture, the most important 
pathophysiologic sequela of portal hypertension 
are the following: 

1. Bleeding from the esophageal and fundal var
Ices, 
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Fig. 28.3. Collateral circulation in portal hypertension. 
(1) Gastroesophageal anastomosis via the left gastric 
vein. (2) Anastomosis via the short gastric veins. (3) Vas
cular connections between the left branch of the portal 
vein and umbilical vein, the paraumbilical veins, and 
the epigastric veins. (4) Anastomosis between spleen and 
left renal vein. (5) Collateral vessels between the splenic 
capsule and the diaphragmatic veins. (6) Collateral con
nections between the intrahepatic branches of the portal 
vein and the diaphragmatic veins. (7) Retroperitoneal 
collateral vessels connecting to the paravertebral plexus 
of the vena cava 

2. Ascites that is refractory to conservative thera
py, 

3. Encephalopathy caused by the collateral circu
lation, as well as parenchymal dysfunction, 

4. Hypersplenism with anemia, thrombocytopen-
ia, and leukopenia. 

On the basis of the pathophysiology, surgical treat
ment of portal hypertension has the following 
goals: 

1. Expedient control of bleeding from esophageal 
varices, 

2. Lowering of portal hypertension to prevent re
current bleeding, 
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3. Reduction of ascites that resist conservative 
therapy, 

4. Control of hypersplenism. 

B. Treatment of Esophageal Variceal 
Hemorrhage 

Bleeding from esophageal or fundal varices is a 
dramatic event and carries a high mortality. Be
cause the underlying disease, namely, cirrhosis 
with portal hypertension, is so complex, standard
ized therapy is not possible; treatment must be indi
vidualized. 

The controversies of surgeons regarding the 
proper approach to the management of this or 
that disease are never more heated than in the 
case of portal hypertension. This emotionalism is 
due in large part to a feeling of uncertainty and 
helplessness in the face of very difficult problems. 
In the following chapter, we will try to develop 
an approach which in our experience has proven 
successful in most situations. 

I. Nonsurgical Emergency Measures 

Table 28.1 summarizes the nonsurgical emergency 
measures that have proven effective in our own 
hospital in cases of variceal bleeding. In this grave 
situation it is essential that the necessary measures 
be synchronized: treatment of shock, diagnostic 
interventions, nonsurgical hemostasis, and preven
tion of hepatic coma. Frequently the bleeding can 
be controlled temporarily by balloon tamponade, 
using either the Sengstaken-Blakemore or the Lin
ton-Nachlas model. Total hemostasis can then be 
achieved through portal decompression utilizing 
the emergency shunt technique. 

During the last few years, sclerotherapy has 
been advocated for esophageal varices [6, 9, 24, 
28] . However, only surgical decompression of the 
portal system can prevent recurrent bleeding. 
Therefore, it is our opinion that in the treatment 
of portal hypertension sclerotherapy and other 
nonsurgical methods (tamponade, antihyperten
sive drug therapy) should not be viewed as an al
ternative to surgery but rather as an adjuvant form 
of therapy for the temporary control of variceal 
bleeding. 
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Table 28.1. Approach to massive bleeding from esopha- Table 28.2. Child classification 
geal and fundal varices 

Simultaneous measures! 

Emergency treatment: 
1. Treatment of shock 

Volume substitution (plasma expanders and fresh 
blood) 
Hemodynamic monitoring (blood pressure, pulse, 
central venous pressure, urine output) 
Laboratory investigation: Hb, hematocrit, determi
nation of blood group, liver function tests, evaluation 
of the clotting system 

2. Hemostasis 
Balloon tamponade 
Replacement of coagulation factors 
Heparin therapy in cases of intravascular coagulation 
Endoscopic sclerotherapy of varices 

3. Prophylaxis of hepatic coma 
Nasogastric suction and irrigation enemas 
Sterilization of the bowel (neomycin, lactulose) 

Diagnostic measures: 
Endoscopy 
Angiography (portography) 

Definitive measures: 
Emergency or early shunt, portacaval, rarely mesocaval 
(Drapanas) or Warren shunt 

II. Diagnostic Measures 

The indication for a portasystemic shunt, and the 
prognosis as well, must be based on thoroughgo
ing diagnostic procedures that address the follow
ing points: 

1. The presence of bleeding or nonbleeding esoph
ageal varices, and the cause of the portal hyper
tension. 

2. The functional status of the liver parenchyma. 
3. The hemodynamic situation, especially estima

tion of arterial and venous perfusion of the 
liver. How extensive the diagnostic procedures 
can be will of course depend on the urgency 
of operative intervention. 

With respect to (1): The history and physical ,ex
amination should provide the first clues as to 
whether portal hypertension may be present; this 
is especially true where the patient presents with 
cirrhosis of the liver. Esophageal varices can be 
demonstrated roentgenographically; however, eso
phagogastroscopy is the diagnostic method of 
choice during acute bleeding, as it enables one to 
rule out other causes of hemorrhage. 

Direct splenoportography, using the Seldinger 
technique, is essential for the planning of a shunt 

Points 

2 3 

Total bilirubin (mol/I) <34 -51 >51 
Albumin (g/I) >35 -30 <30 
Ascites mild moderate massive 
Neurologic symptoms none mild marked 
General condition good reduced poor 

A: 5-7 B:8-10 C:11-15 

operation; it provides information about the cause 
of portal hypertension, localization and extension 
of collateral circulation, abnormalities of the arte
rial system, hepatofugal flow, and finally, the pres
ence of liver cell carcinoma. 

With respect to (2): Evaluation of hepatic func
tion includes synthesis, detoxification, and excre
tion. It is difficult to predict what the functional 
reserves of a cirrhotic liver with decreased perfu
sion will be following a portacaval shunt. Preoper
ative laboratory evaluation is oflimited prognostic 
value. On the basis of our own statistically based 
studies we believe that the only reliable factors 
on which to base the prognosis are the prothrom
bin time and the creatinine and fibrinogen levels. 
It is surely better to group the patients according 
to Child's classification [7] (Table 28.2). A good, 
but very involved test of the parenchymal function 
of the liver is the amidopyrine exhalation test, 
which, together with Child's classification, allows 
a good estimate of liver function [16]. Encephalo
pathy plays a crucial role. It not only occurs fol
lowing a portasystemic shunt operation but is of
ten already present preoperatively. No valid clini
cal definition of encephalopathy exists. Psycho
metric testing, EEG, and determination of the 
blood ammonia, however, allow early detection 
of this problem [18]. 

With respect to (3): Hemodynamic investiga
tions aid in the selection of patients for an elective 
portasystemic shunt. It is important to arrive at 
a judgment as to how much the hepatic artery 
and the portal vein each contribute to the hepatic 
flow, a relationship that is greatly altered in cir
rhotic patients. In order to assess the compensato
ry capability of the hepatic artery, the portal vein 
can be totally occluded by means of a balloon cath
eter, thus simulating the conditions that will exist 
following construction of a portasystemic shunt. 
But such techniques, being very complicated, are 
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unsuited to emergency situations. Their impor
tance is therefore limited to cases where surgery 
is elective. The following methods are available: 
sequential liver-spleen scan [3], catheterization of 
the umbilical vein with occlusion of the portal vein 
[33], indocyanin clearance [5], cineangiodensito
metry [26], transumbilical shunt simulation, and 
measurement of lactate extraction [17]. 

In acute situations, one should limit diagnostic 
measures to clinical evaluation, endoscopy, deter
mination of liver enzymes, and indirect splenopor
tography. 

ill. Indications for Portasystemic Shunts 

In addition to general considerations, the matters 
of the timing of the operation and the type of 
shunt are crucial factors in the indication. With 
respect to the timing, we differentiate: 

- An emergency shunt for the treatment of massive 
variceal hemorrhage which does not respond to 
conservative measures, 

- An early shunt (also called a delayed emergency 
shunt) within 24-48 h after bleeding has started, 

- An elective shunt, done at least 2 weeks after 
variceal bleeding, and subject to strict patient 
selection. 

The choice of shunt is based on the following con
siderations: 

- Cause of the portal hypertension: pre-, intra-, 
or posthepatic block, 

- The individual situation, i.e., acute bleeding, 
previous gallbladder surgery (adhesions), 

- General condition and hepatic function of the 
patient, with special attention to the stages ac
cording to Child, the presence of encephalopa
thy, etc., 

- Liver perfusion, with special attention to the rel
ative contributions of the portal vein and the 
hepatic artery (sequential liver scan) and to any 
stenosis of the celiac trunk. 

One differentiates between complete and incom
plete shunts, i.e., between shunts that divert all of 
the portal blood flow away from the liver, thereby 
diminishing the perfusion of the organ, and shunts 
that do not interfere with the perfusion of the liver 
but lead to a selective lowering of the pressure 
in the areas prone to bleeding, namely the esopha
gus and stomach. 
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Complete shunts include: The portacaval end- . 
to-side or side-to-side anastomosis, the central 
splenorenal anastomosis as described by LINTON 
[21], the central side-to-side splenorenal anasto
mosis described by COOLEY [8], and the mesocaval 
anastomosis of DRAPANAS [10]. 

Incomplete shunts include: The distal end-to
side splenorenal anastomosis as described by War
ren [32] and the coronary-caval technique deve
loped by MEURSING [23]. The last method can be 
used only in rare cases and requires significant en
largement of the coronary vein. 

The portacaval anastomosis with simultaneous 
pressure- and flow-adapted arterialization [1, 22] 
of the intrahepatic portal circulation represents a 
special type. 

In light of these considerations, the various 
types of shunt and the conditions under which they 
are indicated can be summarized as follows: 

1. Portacaval Anastomosis, End-to-Side 
(Fig. 28.4a) 

Indications: Emergency and early shunt during ac
tive hemorrhage, elective in patients with reduced 
portal circulation and good liver function. 

Contraindications: Poor liver function, encephalo
pathy, hepatic coma, stenosis of the celiac trunk, 
thrombosis of the portal or splenic vein. 

Advantages: Simple short operation, fast reduction 
of portal pressure, low incidence of shunt throm
bosis (below 3%). 

Disadvantages: Reduction in hepatic perfusion as 
a result of the complete diversion of portal flow, 
high rate of encephalopathy. 

Fig. 28.4a-h. Modifications of portasystemic anasto- [> 

mosis. a Classic portacaval anastomosis end-to-side. 
b Portacaval anastomosis side-to-side. c Distal splenore
nal anastomosis (LINTON). d Mesocaval anastomosis, so 
called H-shunt (DRAPANAS) with interposition of a pros
thesis. e Splenorenal anastomosis side-to-side (COOLEY). 
f Central splenorenal anastomosis end-to-side (W AR

REN). g Coronary-caval anastomosis (MEURSING). h Por
tacaval anastomosis end-to-side with pressure- and flow
adapted arterialization (MATZANDER). Interposition of 
a vein or alloplastic material between the central stump 
of the portal vein and the common iliac artery 
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a 
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2. Portacaval Anastomosis, Side-to-Side 
(Fig. 28.4 b) 

The only clear-cut indication is the Budd-Chiari 
syndrome. The extremely congested liver is decom
pressed through diversion of the portal, and also 
in part the arterial flow (hepatofugal flow via pre
sinusoidal arterioportal shunts). 

A side-to-side anastomosis is functionally a 
complete shunt as is the end-to-side anastomosis; 
however, it is technically more demanding. 

3. Central Splenorenal Anastomosis (LINTON) 
(Fig. 28.4c) 

Indication: As an elective procedure following var
iceal bleeding, where a splenomegaly with hyper
splenism is present (splenectomy). Central throm
bosis of the portal vein. 

Advantages: None. 

Disadvantages: Extensive and technically demand
ing procedure involving splenectomy and extensive 
mobilization of the pancreatic tail. High rate of 
thrombosis. 

4. Mesocaval Anastomosis, H-shunt (DRAPANAS) 
(Fig. 28.4d) 

Indications: Portal vein thrombosis, prior surgical 
procedures in the region of the liver (highly vascu
lar adhesions). 

Contraindications: Thrombosis of the mesenteric 
vein. 

Advantages: None that are significant, since it rep
resents a complete shunt. 

Disadvantages: Danger of kinking of the prosthe
sis, high rate of thrombosis. 

5. Splenorenal Anastomosis, Side-to-Side 
(COOLEY) (Fig. 28.4e) 

Indications: Thrombosis of the portal vein, pre
vious operations of the gallbladder or liver; can 
also be used as an emergency shunt. 

Contraindications: Thrombosis of the splenic vein 
and small diameter of the splenic vein. 

Advantages: Because splenectomy is not required, 
there is a lower operative risk than with the spleno
renal anastomosis according to LINTON [21]. 
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6. Distal Splenorenal Anastomosis, End-to-Side 
(WARREN) (Fig. 28.4f) 

Indications: Largely preserved portal circulation, 
poor liver function, encephalopathy, stenosis of 
the celiac trunk, previous operation on liver and 
gallbladder, central portal vein thrombosis; can 
also be used as an emergency shunt. 

Contraindications: Excessively small splenic vein 
diameter, previous pancreatitis. 

Advantages: Incomplete shunt, maintenance of 
portal liver perfusion, low rate of encephalopathy. 

Disadvantages: Only selective lowering of the pres
sure in the region of the esophagus, stomach, and 
spleen; can develop into a functionally complete 
shunt by later collateralization; high rate of shunt 
thrombosis. 

7. Coronary-Caval Anastomosis (MEURSING) 
(Fig. 28.4 g) 

The coronary-caval anastomosis is an incomplete 
shunt and can be constructed only in exceptional 
cases, the lumen and mural characteristics of the 
coronary vein being normally quite unsuited to 
anastomosis. 

Indications: Thrombosis and cavernization of the 
portal vein in cases of prehepatic block, marked 
encephalopathy, poor liver function. It should be 
used only in exceptional cases. 

8. Portacaval Anastomosis End-to-Side with 
Flow- and Pressure-Adapted Arterialization 
(AoAMSONS, MATZANDER) (Fig. 28.4h) 

Indications: Impaired liver function, encephalopa
thy. 

Contraindications: Emergency operations for he
mostasis, portal vein thrombosis, severe arterio
sclerosis of the aorta and iliac artery. 

Advantages: The diversion of the portal flow is 
compensated by arterialization, small risk of ence
phalopathy. 

Disadvantages: Higher operative risk, damage to 
the liver, and marked ascites through increased 
pressure in the intrahepatic portal system. 
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IV. Appraisal of Portasystemic Shuots 

In contrast to other fonns of therapy, portasys
temic shunts, especially portacaval anastomosis, 
lower the portal hypertension markedly and defin
itively. They control bleeding from esophageal 
varices and prevent rebleeding. They influence the 
development of ascites and hypersplenism. With 
complete shunts, a serious disadvantage is that the 
portal hepatic blood supply is totally diverted, 
possibly leading to encephalopathy or significant 
impainnent of liver function. The indication, 
therefore, is dependent on evaluation of the liver 
function and the contribution of the portal vein 
to the liver perfusion. Postoperative follow-up and 
dietetic management are also essential. Under 
these circumstances, encephalopathy can be con
trolled. Pre- and postoperative psychometric test
ing shows that the rate of encephalopathy is not 
nearly as high as expected. The increase in ence
phalopathy postoperatively is approximately 5% 
[13] . Whether the operation also changes the natu
ral course of cirrhosis and influences life expec
tancy has not yet been detennined. The type of 
shunt should be individualized for each patient. 
One should always keep in mind the option of 
the incomplete shunt (Warren's splenorenal anas
tomosis or the coronary-caval anastomosis), or, 
as a supplement to the portacaval anastomosis, 
a pressure- and flow-adapted arterialization. 

The diagnosis of arterioportal fistula is not al
ways easy. The following symptoms should arouse 
suspicion: an abdominal bruit, no signs of hepatic 
insufficiency, history of previous operations. 
Fistulas between the splenic artery and vein, as 
well as the hepatic artery and the portal vein, are 
the most common. 

Because of the serious clinical picture, surgery 
is always indicated. The approach depends on the 
localization. The aim of surgery is always the elim
ination of the fistula without ligation of major ar
teries (e.g., the hepatic artery). 

Fig. 28.5a, b. Exposure of the portal vein. a S~bcostal 
incision on the right. b The hepatoduodenal lIgament 
is visualized, and the portal vein is disse~ted free along 
the lower part of the ligament. Tr<l:nsect~on of the en
gorged lymphatic vessels and fatty tissue III front of the 
portal vein 
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C. Surgical Technique and Complications 

Anesthesia: Hepatotoxic anesthetic agents - e.g., 
halothane - must never be used in portasystemic 
shunt operations (see Chapter 11). 

I. Portacaval Eod-to-Side Shuot 

A long right-sided subcostal incision gives good 
exposure (Fig. 28.5). The collateral veins in the ab
dominal wall should be carefully ligated to avoid 
postoperative bleeding. The umbilical vein .in the 
round ligament, however, should be spared : It pro
vides a significant portasystemic collateral connec
tion with the veins of the abdominal wall and can 
therefore be an important factor in portal decom
pression. 

Surgery is difficult when the patient is obese, 
the liver is enlarged, or there have been previous 
operations, i.e., cholecystectomy. 

Teres hepatis ligamenl 

I ClrrhOllc liver 

Righi flexure 01 colon 
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The adhesions are often highly vascularized ow
ing to the development of portasystemic collatera
lization. 

The operation has three stages: 
1. Preparation of the portal vein and measure

ment of the portal pressure, 
2. Dissection of the infrahepatic vena cava, 
3. Performance of the portacaval anastomosis. 

1. Dissection of the Portal Vein 

The portal vein runs in the dorsal aspect of the 
hepatoduodenal ligament and is dissected from a 
caudal direction. It is easily palpable as an en
gorged vessel or, if it is thrombosed, as a firm 
cord. In front of the portal vein, one often en
counters enlarged lymph nodes and lymphatic ves
sels. These are encircled with an Overholt clamp, 
ligated, and transected (Fig. 28.5). The biliary duct 
and the lymphatic tissue are then retracted ventral
ly with a vein retractor, allowing the blue portal 
vein to be seen beneath the surrounding tissue. 
This tissue is transected, and an Overholt clamp 
is placed around the vein, which is then encircled 
with a rubber band (Fig. 28.6a). The entire portal 

Fig. 28.6. a The portal vein is exposed with its trunk 
and encircled. The hepatoduodenalligament is retracted 
cranially and cephalad. b Pressure measurement in the 
portal vein after puncture with a Statham apparatus. 
c The portal vein is doubly ligated toward the liver and 
occluded, preferably with a Glover clamp. The vessel 
can now be transected 
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vein is then dissected free, from the hilus of the 
liver to the head of the pancreas. Small branches 
are divided. Occasionally, the coronary vein emp
ties into the portal vein close to the hepatic hilus. 
It must be securely ligated. The pressure in the 
portal vein and in the vena cava is then measured 
with a gauge (Fig. 28.6b). The former is between 
25 and 45 mmHg. During dissection of the portal 
vein, one frequently has the impression that it will 
be too short for a tension-free anastomosis with 
the vena cava, but this is never the case. 

2. Dissection of the Inferior Vena Cava 

The parietal peritoneum is opened immediately 
distal to the caudate lobe and lateral to the duode
num and pancreas. In this region, one frequently 
encounters collateral vessels, which are divided be
tween ligatures. In the loose retroperitoneal tissue 
the infrahepatic vena cava can usually be freed 
by blunt dissection and mobilized over a distance 
of 5-8 cm. Occasionally, the juncture of the right 
renal vein with the vena cava is very high; if so, 
care must be taken not to injure the renal vein. 
However, it is not necessary to free the vena cava 
over its entire circumference nor to encircle it. This 

Caudate lobe 

Inferior v cava 

C ~----------~~~~7~ 
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would prolong the operating time and could lead 
to troublesome bleeding from the small side 
branches on the posterior wall. The dissection of 
the vena cava should be extended far enough cran
ially to expose the highest possible site for the 
anastomosis with the portal vein. This is done in 
order to prevent kinking of the portal vein. 

3. Technique of Anastomosis 

After both veins are dissected free, the portal vein 
is ligated with a no. 1 cotton thread in the hilus 
of the liver and additionally secured with a suture 
ligature. Toward the head of the pancreas, the por
tal vein is clamped with a curved Glover clamp 
and then transected close to the hepatic hilus 
(Fig. 28.6c). A Satinsky clamp of appropriate size 
is placed on the vena cava and locked. With two 
forceps, one approximates the portal vein to the 
tangentially clamped section of the vena cava to 
determine the site of incision. As proposed by 
GOTGEMANN and SCHREIBER [11], we perform a 
medial convex incision on the anterior wall of the 
vena cava so that a lateral flap approximately 1 cm 
in size is produced and a large opening 2.2-2.5 cm 
in diameter is created (Fig. 28.7 a). Corresponding 
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to this opening, a sickle-shaped segment is excised 
from the anterior wall of the portal vein, so as 
to guarantee a wide anastomosis. One should take 
care to ensure that the incisional flap on the poster
ior aspect of the vena cava is not too short. The 
flap on the anterior wall of the vena cava is 
grasped with a stay suture and folded back lateral
ly. The vascular clamps on the portal vein and 
the vena cava are then approximated, and the pos
terior wall is sutured continuously inside the lu
men, using Ethibond or Prolene 5-0 suture and 
an atraumatic needle (Fig. 28.7b). One starts with 
a proximal and a distal corner stitch. The proximal 
suture is tied, and the needle is passed through 
the wall of the portal vein into the lumen. Now 
the posterior wall can be sutured from the inside 
of the lumen under direct vision. The distal corner 
stitch should be tied only after the suture of the 
posterior wall is half completed in order to enable 
the surgeon to suture the posterior margin more 
securely. The edges of the vessels should be trans
fixed obliquely in order to avoid a bulky suture 
line. The adventitia should not be inverted; the 
objective is an endothelioendothelial approxima
tion. After the posterior wall is completed, the su
ture is passed to the outside at the distal corner 
and tied. 

d 

Fig. 28.7. a The vena cava is partially occluded, prefera
bly with a Satinsky clamp, and a curved incision is made, 
forming a small flap. Corresponding to this flap, a cres
cent-shaped piece of the anterior wall of the portal vein 
is excised. Stay sutures are placed in the upper and lower 
curves. b Transluminal suture of the posterior anasto
motic line, between the vena cava and the portal vein. 
Suture material is 5-0 or 6-0 Prolene. c Continuous su
ture of the anterior wall; because of the curved incision, 
a wide funnel-shaped opening of the portal vein into 
the vena cava develops. d Mistakes during construction 
of the anastomosis: torsion and kinking of the portal 
vein because the site of anastomosis has been chosen 
too far distally 
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Using the suture at the distal corner, the anteri
or wall of the anastomosis is sewn in an everting 
fashion, from distal to proximal (Fig. 28. 7 c). Prior 
to completion of the anastomosis, blood flow from 
the portal vein is checked by releasing the vascular 
clamp to flush out possible thrombi. 

The area of the anastomosis is irrigated with 
normal saline solution, the suture is finished, and 
blood flow is restored first in the vena cava, then 
in the portal vein. Additional hemostatic sutures 
are usually not necessary. 

A wedge-shaped biopsy from the liver is always 
taken for histologic examination. In the meantime, 
the portal blood has drained. To obtain the pres
sure gradient, the pressures in the portal vein and 
the vena cava are measured; the difference be
tween them is the gradient. 

Intraoperative Complications 

Thrombosis of the Portal Vein. Occasionally, one 
will unexpectedly encounter a mural thrombus or 
phlebosclerotic changes of the portal vein. These 
changes can be so extensive that an anastomosis 
is impossible. Using a Fogarty catheter or a ring 
stripper, one should first try to remove the thrombi 
which did not appear during radiologic examina
tion. 

Care should be taken not to injure the wall 
of the vein. Postoperatively, treatment with hepar
in is indicated in order to prevent recurrent throm
bosis (carefully watching the coagulation parame
ters in patients with cirrhosis). If, as happens rare
ly, it is impossible to perform the anastomosis, 
the portal vein is ligated and a splenorenal anasto
mosis as described by COOLEY [8] or a mesocaval 
H-shunt is constructed. 

Kinking of the Portal Vein. If the anastomosis with 
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to the portal vein. Accidental transection of the 
artery during preparation of the portal vein would 
have grave consequences. Under these circum
stances it is impossible to go ahead with the porta
caval anastomosis. 

II. Portacaval Side-to-Side Shunt 

The surgical incision as well as the dissection of 
the portal vein and the vena cava are as described 
on p. 761. Because the portal vein and vena 
cava do not run parallel to one another, both ves
sels must be extensively mobilized to allow them 
to be approximated without tension at the site of 
the anastomosis. The portal vein is clamped to
ward the liver and toward the duodenum 
(Fig. 28.8a); the vena cava is partially occluded 

the vena cava is done too far distally, a distortion b 
of the portal vein can result (Fig. 28.7d). Occa-
sionally an enlarged caudate lobe is in the way 
and must be resected in order to accomplish an 
anastomosis without tension and kinking. 

Injury to the Common Duct and the Hepatic Artery. 
These injuries are rare. We have never encountered 
such a complication. The necessary knowledge 
concerning abnormalities of the hepatic artery is 
provided by preoperative angiography. Not infre
quently, the right hepatic artery arises alone from 
the superior mesenteric artery and runs caudad c 



28 Surgery for Portal Hypertension 

with a Satinsky clamp. A curved incision is then 
made caudad in the portal vein at the site where 
the vena cava crosses under it at an oblique angle. 
The vena cava is also incised in a curvilinear fash
ion so as to create a small flap. This incision must 
be made somewhat obliquely in order to prevent 
distortion of the anastomosis (Fig. 28.8 b). Suture 
material and suture technique are the same as for 
the end-to-side anastomosis (see p. 763) (Fig. 
28.8c). 

m. Central End-to-Side Splenorenal Shunt 
(LINTON) 

We use an extensive left-sided subcostal incision. 
The procedure can be divided into the following 
stages: 

1. Splenectomy, 
2. Dissection of the splenic vein, 
3. Dissection of the left renal vein, 
4. End-to-side anastomosis. 

<J Fig. 28.8a-c. Portacaval side-to-side anastomosis. a The 
clamped portal and caval veins are positioned parallel 
to each other. Curved excision in the vena cava, creating 
a flap, and a crescent-shaped incision from the anterior 
wall of the portal vein. b The posterior wall of the ana
stomosis is Gomplete; suture of the anterior wall is be
gun. c Completed side-to-side anastomosis 
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1. Splenectomy 

Because of splenomegaly and dense vascular adhe
sions between the capsule, the diaphragm, and the 
lateral abdominal wall, the removal of the spleen 
can be difficult. After the lesser sac has been 
opened by transection of the left part of the gastro
colic ligament, the short gastric veins are divided 
between ligatures (Fig. 28.9). During this maneu
ver, an injury to the capsule of the spleen, with 
unnecessary blood loss, is possible. After the hilus 
of the spleen is exposed, one can easily identify 
the engorged splenic vein at the upper margin of 
the tail of the pancreas and, a little more cranially, 
the splenic artery. Both vessels are carefully dis
sected with scissors or an Overholt clamp and en
circled. The dissection of the vein is sometimes 
made difficult by the fact that the very thin wall 
can tear, especially if phlebosclerosis is present. 
One must be careful here. Once the vein has been 
isolated over a distance of approximately 1-2 cm, 
the pressure is measured using a small needle and 

/':; 
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(subperitoneal) 

_ Transversa colon 

Fig. 28.9. Splenorenal anastomosis (LINTON). Opening 
of the abdominal cavity through a lateral subcostal inci
sion. First, the spleen is removed. Then the lesser sac 
is opened, and the short gastric vessels are transected 
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a 

Fig. 28.10. a Tran 'ecti n of the splenic artery and vein 
in the hilu of the plccn. b The plcen i moved forward 
out of the 'ubphrcnic pace, the dorsal peri toneal attach
ment are di ided harply. c The pleen i compl lely 
mobilized and removed 

a Statham apparatus. Next, the splenic artery is 
divided between ligatures (Fig. 28.10a), and the 
splenic vein is ligated as close to the hilus as possi
ble. Occasionally, its branches must be ligated sep
arately. While dissecting the vessels, injury to the 
tail of the pancreas, which can reach into the hilus 
of the spleen, should be avoided at all costs. Only 
after the splenic vessels have been transected does 
one divide the splenocolic ligament, which often 
contains collateral vessels; any vascularized adhe
sions of the splenic capsule can also be transected 
at this time. Because of the portal hypertension, 
the bleeding from these adhesions can be consider
able. All adhesions should be coagulated by elec
trocautery. The spleen is pulled medially with the 
left hand, a laparotomy pad is placed in the sub
phrenic space for tamponade, and the dorsal peri
toneal attachments are incised (Fig. 28.10b). Blunt 
dissection continues from lateral to medial into 
the retroperitoneal fat. The pancreas is mobilized 
and reflected; occasionally collateral veins have 
to be ligated. Finally, the spleen can be removed 
(Fig. 28.10c). Because of the portal hypertension 
and the possibility of impaired coagulation, thor
oughgoing hemostasis of the retroperitoneum is 
necessary. 

Phrenocollc 
hgament 

b 
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2. Dissection of the Splenic Vein 

The splenic vein is dissected from dorsal to proxi
mal for a distance of approximately 5-6 cm, the 
ligature at the end of the vein being used for eleva
tion (Fig. 28.11 a). Dissection must be done very 
carefully because of the many very fine venous 
branches entering the vein from the pancreas. 
These are easily torn, and the resultant bleeding 
is troublesome. They are ligated with 3-0 cotton 
thread; any tears at the splenic vein are closed 
with 6-0 Prolene suture. 

3. Dissection of the Left Renal Vein 

Mter the splenic vein has been dissected free over 
the appropriate length, the pancreas is elevated 
and the left renal vein is dissected free from the 
retroperitoneum. In obese patients, the vein is oc
casionally difficult to identify. One should orien
tate oneself by the position of the kidney and by 
the spine, which lies medially. Mter the perivascu
lar tissue is opened, the vein, which is 1 cm in 
diameter, can be isolated over a length of approxi
mately 5 cm and encircled (Fig. 28.11 b). Mobiliza-



28 Surgery for Portal Hypertension 

Fig. 28.11. a Dissection of the splenic vein. During this 
dissection, many tiny side branches have to be ligated. 
The splenic vein is mobilized over a length of approxi
mately 1 cm. b The left kidney is dissected free at the 
hilus to expose the large renal vein which crosses the 
aorta. The mobilized splenic vein is occluded and ap
proximated to the renal vein in a smooth curve. Kinking 
of the splenic vein must be avoided at all costs. c The 
anterior wall of the renal vein is incised in a curved 
fashion to create a flap, and a crescent-shaped piece 
is excised out of the splenic vein. Comer sutures are 
placed. Completion of the anterior suture line of the 
end-to-side anastomosis 

tion occasionally requires division of the spermatic 
or ovarian vein between ligatures, which can be 
done without sequelae. 

4. Anastomosis 

First, one must ascertain that the splenic vein can 
be brought down to the renal vein without torsion, 
kinking, or tension. The exact position of the vein 
(it should be a slight arch) is of decisive importance 
for the function of the portasystemic shunt. The 
renal vein and the splenic vein are occluded with 
small vascular clamps. A 1.5-cm curved incision 
is then made in the upper circumference of the 
renal vein. The flap thus created should be directed 
caudally. It is held by a stay suture. On the anterior 
wall of the splenic vein a corresponding crescent-
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b Superior mesenteric a. 
Left renal a. and v 

Aorta 
SpleniC v 

shaped piece is excised in order to create the widest 
possible anastomosis (Fig. 28.11 c). After corner 
sutures with 6-0 Prolene have been placed, the pos
terior wall is sutured from inside the lumen, and 
then the anterior wall is done using an everting 
technique (see p. 766). It is important that the vas
cular clamps at the splenic vein be opened prior 
to completion of the anastomosis in order to flush 
out stagnating blood and possible thrombi. Bleed
ing from the suture line after the blood flow is 
reestablished is initially treated with compression. 
If this is unsuccessful, additional sutures are 
placed. Finally, the pressure gradient in the splenic 
vein is determined, a liver biopsy is done, and the 
splenic bed is drained. The abdomen is closed layer 
by layer. 
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a) Intraoperative Complications. If the splenic vein 
is injured, one should try a vascular suture; or, 
it may sometimes be necessary to dissect the vessel 
farther in behind the pancreas and then perform 
the anastomosis more medially - if necessary, with 
the vena cava instead of the renal vein. If this 
is not possible, the vein is ligated and a mesocaval 
anastomosis performed, as described by DRAPAN
AS [10]. 

b) Postoperative Complications. Postoperative 
bleeding necessitates early reintervention. An early 
thrombosis of the anastomosis is usually caused 
by torsion or kinking of the splenic vein. This error 
can only very rarely be corrected. Occlusion of 
the vein can result in variceal bleeding, which must 
be treated with a balloon tube or sclerotherapy. 
If surgical hemostasis is unavoidable, a portasys
temic anastomosis or a venous interruption can 
be done. Postoperative pancreatitis secondary to 
injury of the pancreas during dissection is a serious 
complication and requires appropriate intensive 
therapy. 
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IV. Mesocaval or H-Shunt (DRAPANAS) 

The incision is either a large median laparotomy 
or a large transverse incision in the upper abdo
men. The procedure can be divided into four 
stages: 

1. Dissection of the superior mesenteric vein, 
2. Dissection of the inferior vena cava, 
3. Correct positioning of the graft, 
4. Completion of the anastomosis. 

1. Dissection of the Superior Mesenteric Vein 

The transverse colon and the greater omentum are 
retracted cephalad, the small bowel caudad, and 
the mesenteric root exposed. If the patient is obese, 
localization of the vein can be difficult. The follow
ing hints are helpful: to the left of the vein the 
superior mesenteric artery can be palpated; dorsal 
to the vein lies the duodenum (Fig. 28.12a). The 
mesenteric vein is dissected free, distal to the duo
denum, over a length of 3--4 em, and encircled. 

Transverse colon and mesocolon 

Fig. 28.12a, b. Mesocaval H-shunt (DRAPANAS). a The 
transvyrse colon is moved cephalad, and the small bowel 
is pulled to the right. The ligament of Treitz is visible; 
the superior mesenteric artery (left), and the superior 
mesenteric vein (right) cross over the duodenum. The 
mesenteric vein is mobilized and encircled. b The allo-

plastic vascular prosthesis is interposed between the su
perior mesenteric vein and the vena cava, which has 
been dissected free above the colon. The end-to-side 
anastomosis with the superior mesenteric vein is already 
finished, as is the posterior suture row of the anastomo
sis between prosthesis and vena cava 
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Small side branches are transected between liga
tures in order to mobilize better the vein and facili
tate clamping. 

2. Exposure of the Inferior Vena Cava 

The transverse colon is pulled caudad, and the 
peritoneum is incised along the lateral border of 
the duodenum with the same technique used dur
ing the portacaval anastomosis (see p.762). The 
vena cava is dissected over a length of approxi
mately 8-10 cm. One has to be careful not to injure 
the junction with the renal vein. As with the porta
caval anastomosis, we do not encircle the vena 
cava, in order to avoid injury to the dorsal 
branches. The mesenteric and caval sides of the 
anastomosis should be placed as nearly parallel 
to each other as possible. 

3. Tunneling of the Mesenteric Root 

Prior to construction of the anastomosis, one 
should establish a tunnel behind the mesentery. 
This should be done from the right, paramedian 
of the superior mesenteric vein, proceeding in the 
direction of the exposed vena cava. During the 
dissection, one should be careful to avoid injury 
to the small mesenteric veins, as this can cause 
unpleasant hematomas. One should also be careful 
not to injure the fourth portion of the duodenum 
which sometimes extends rather far caudally. 

4. Completion of the Vascular Anastomosis 

As a vascular prosthesis, we use reinforced PTFE 
with a diameter of 10-12 mm. The advantages of 
these prostheses are wall stability and high anti
thrombogenicity. First, we perform the anastomo
sis with the mesenteric vein. For this purpose, the 
vessel is occluded with two clamps, and a crescent
shaped incision corresponding to the diameter of 
the prosthesis is made on its laterodorsal aspect, 
thereby creating a flap that opens out ventrally. 
A corresponding crescent-shaped incision is made 
on the anterior aspect of the prosthesis. The poste
rior wall of the anastomosis is then closed by con
tinuous suture from the inside, using 6-0 Prolene 
suture material. When the anterior wall has also 
been completed, the clamps on the mesenteric vein 
are removed, and a Glover clamp is placed on 
the prosthesis, close to the anastomosis. The blood 
can then flow through the superior mesenteric vein 
again. 
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The graft is then brought through the previous
ly created retromesenteric tunnel, and the vena 
cava is partially clamped at its ventral circumfer
ence with a Satinsky clamp. Again, a curved inci
sion creating a small flap is made in the vena cava, 
and a corresponding crescent-shaped incision on 
the anterior aspect of the prosthesis, and both ves
sels are anastomosed (Fig. 28.12b). Finally, pres
sure is measured by puncture of the prosthesis 
close to the mesenteric anastomosis. The mesenter
ic root is reperitonealized using a 2-0 running cat
gut suture. 
Intraoperative Complications. A tear in the superi
or mesenteric vein should be avoided under all 
circumstances because it sometimes makes the 
anastomosis impossible. The damaged vein must 
always be reconstructed, if necessary with a vein 
patch. 

If early thrombosis of the graft occurs, reex
ploration should be done, and a graft thrombec
tomy should be attempted. If this is not possible 
owing to torsion or kinking, another form of por
tasysternic anastomosis should be tried. Postopera
tive bleeding, especially in the region of the mesen
teric root, also requires thoroughgoing early rela
parotomy and hemostasis. 

v. Splenorenal/Side-to-Side Shunt (COOLEY) 

Large transverse incision in the upper abdomen. 
In our opinion, the approach to the retropan

creatic splenic vein is difficult through the lesser 
sac. In comparison, the transmesocolic approach 
is ideal. The transverse colon and the greater 
omentum are put under tension cranially and ven
trally. The mesenteric root is pulled caudad. The 
ligament of Treitz and the transverse mesocolon 
are easily seen, and the peritoneum is incised along 
the duodenum. An additional incision at the base 
of the transverse mesocolon is made, which results 
in a mesocolic window as big as the palm of the 
hand. Now, the proximal portion of the splenic 
vein is dissected free. It is easily identified by orien
tating oneself along the course of the inferior mes
enteric vein, which leads directly to the splenic 
vein. The vein runs behind the pancreas, which 
is elevated carefully with vein retractors to obtain 
exposure. Very careful and painstaking dissection 
is necessary. This can be difficult because of chron
ic inflammatory changes in the pancreas. A clamp 
is advanced beneath the vein, and the vessel is 
encircled. One can now divide the more or less 
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a Left splenIC v 

Left renal v 

Fig. 28.13 a, b. Splenorenal anastomosis side-to-side 
(COOLEY). a Upper left: skin incision. The transverse 
colon is pulled cephalad, and the mesocolon is incised 
next to the ligament of Treitz. With this approach, the 
splenic vein is exposed and the lower posterior aspect 
of the pancreas is visible. Many very fine side branches 
have to be ligated and transected. The renal vein is freed 
and encircled. b Side-to-side anastomosis between splen
ic and renal vein. Completed anterior suture line 

numerous venous branches between ligatures of 
3-0 cotton (Fig. 28.13a). The splenic vein is mobi
lized over a length of approximately 5 cm, close 
to its junction with the superior mesenteric vein. 

In the next step, the left renal vein is exposed, 
which crosses the aorta slightly caudad of the 
splenic vein. As a result of the portal hypertension, 
the renal vein is frequently covered with enlarged 
and engorged lymph nodes that have to be dis
sected away. The vessel is mobilized and encircled 
with tapes. The splenic vein and renal vein must 
be mobilized sufficiently to allow tension-free side
to-side approximation. The two vessels are then 
clamped with small Satinsky clamps and incised 
in a curved fashion over a length of 1.5 cm in order 
to create a wide lumen (Fig. 28.13 b). For the anas
tomosis, we use 6-0 Prolene. The technique of 
anastomosis has been described in the sections on 
the other portasystemic anastomoses. The perito
neal window is closed with a continuous 2-0 catgut 
suture. 
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Left teslrcular v. 

Superior mesenteric v. 

Intraoperative and Postoperative Complications. 
One should mention here postoperative bleeding 
and shunt thrombosis. The first requires early rein
tervention. A shunt thrombosis usually manifests 
itself by variceal bleeding but must nevertheless 
be confirmed by angiography. Initially, it should 
be treated conservatively. Surgical correction is 
done by portacaval or mesocaval anastomosis, or 
by venous interruption. 

VI. Distal End-to-Side Splenorenal Shunt 
(y.1ARREN) 

The Warren shunt is the only practicable incom
plete shunt. 

Incision, exposure, and dissection for the 
splenorenal shunt are identical to those for the 
Cooley shunt (see p. 769). The differences with this 
approach are: 

1. The end-to-side anastomosis and 
2. The additional ligature of the coronary vein 

and the right gastroepiploic vein to interrupt 
the venous connections of the stomach to the 
portal system. 

After the splenic and renal veins are mobilized and 
encircled with tapes, the former is ligated close 
to its junction with the superior mesenteric vein 
with a strong 1-0 cotton ligature, then clamped 
distally, and transected. The proximal ligature is 
additionally secured with a suture ligature. The 
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anatomic relationship of the splenic vein to the 
renal vein is carefully assessed to determine the 
correct position of the vessel and to avoid kinking 
and torsion (Fig. 28.14a). 

After clamping, the anterior aspect of the renal 
vein is incised in a curvilinear fashion, so as to 
form a small flap directed caudally. A crescent
shaped piece of venous wall is also excised from 
the anterior aspect of the splenic vein. The suture 
is done from inside the lumen with 6-0 Prolene 
(Fig. 28.14b). Before finishing the anastomosis, 
the vascular clamps are released for a short time 

Left gaslrlc v. to flush out possible thrombi. If there is no bleed
ing from the anastomosis, the posterior peritone

Inferior v cava 

RIghi gaSiroeplploic v 

Inferior 
mesenteric v 

Left renal v 

Splenic v. 

Superior mesenteric v. 

Fig. 28.14a, b. Distal end-to-side splenorenal anastomo
sis (WARREN). The operative approach is the same as 
for the Cooley anastomosis. a The mobilized splenic vein 
is ligated and transected close to its junction with the 
superior mesenteric vein. It is approximated in a smooth 
curve to the left renal vein. Kinking of the vessel should 
be avoided. Location of the incision at the renal vein. 
b Completion of the end-to-side anastomosis between 
renal and splenic vein. The left gastric vein is transected 
close to its junction with the portal vein. This interrupts 
the bloodstream from the portal vein into the veins of 
the stomach and esophagus. The Warren shunt selective
ly decompresses the portal circulation in the region of 
the stomach, spleen, pancreas, and esophagus (incom
plete shunt). The blood supply to the liver through the 
portal vein is maintained 

um and the small mesocolic window are closed 
with a continuous suture of 2-0 catgut. 

The coronary vein is now dissected free at the 
celiac trunk (Fig. 28.14 b). It is usually engorged 
and is divided between ligatures. The same is done 
with the gastroepiploic vein, somewhat proximal 
to the pylorus. This finishes the operation. 

Intraoperative and Postoperative Complications. 
The fine splenic vein can tear during operation. 
The leak should be closed carefully with 6-0 Pro
lene. If this is impossible, the vein must be ligated 
and another portasystemic shunt constructed (por
tacaval or mesocaval anastomosis). 

VD. Coronary-Caval Shunt (MEURSING) 

Large right-sided subcostal incision. 
First, the coronary vein is identified at the lesser 

curvature of the stomach. It is easily found, anteri
or to the left gastric artery. One can now follow 
it to the junction of the portal vein behind the 
pancreas. Usually, it is covered with enlarged 
lymph nodes which have to be dissected very care
fully. The vein should be dissected free in the direc
tion of the cardia, and since a 10-cm segment is 
required, the dissection should extend beyond the 
angle of the stomach. At this distal site, the vein 
is then divided. The many side branches coming 
from the stomach must also be carefully dissected 
and divided (Fig. 28.15a). 

The next step is dissection of the infrahepatic 
vena cava. The coronary vein is now brought un
derneath the hepatoduodenal ligament with the 
aid of a large Overholt clamp and positioned with
out kinking or torsion. After clamping off the vena 
cava, an oval segment 1-1.5 cm long is excised 
from the anterior wall of the vena cava, and the 
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Left gastric v 

Inferror v cava 

Fig. 28.15a, b. Coronary-caval anastomosis end-to-side 
(MEURSING). a The left gastric vein is dissected free at 
the lesser curvature of the stomach. Many small side 
branches to the stomach have to be ligated and tran
sected. b After mobilization of the vein, it is brought 
behind the hepatoduodenal ligament to the infrahepatic 
vena cava. One should be careful to avoid kinking. End
to-side anastomosis using the technique previously de
scribed 

end of the coronary vein is beveled. The anastomo
sis is done end-to-side with 6-0 Prolene by the 
usual technique (Fig. 28.17b). 

Intraoperative and Postoperative Complications. If 
the delicate venous wall tears during dissection, 
the anastomosis with the vena cava can also be 
attempted above the hepatoduodenal ligament. 
Otherwise, one must ligate the vein and, if possi
ble, construct a splenorenal anastomosis. 
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VIII. Portacaval End-to-Side Shunt 
with Flow- and Pressure-Adapted Arterialization 
(ADAMSON, MATZANDER) 

Large right-sided subcostal incision with extension 
pararectally or transrectally into the lower abdo
men. 

This procedure is done in three steps: 
1. Portacaval anastomosis with flow measure

ments in order to determine whether arterializa
tion is indicated, 

2. Harvest of the greater saphenous vein, and 
3. Anastomosis of the vein graft to the iliac artery 

distally and to the central stump of the portal 
vein proximally. 

1. Portacaval Anastomosis, Pressure 
and Flow Measurement 

The portacaval anastomosis is done as described 
on p. 762, with the exception that the central 
stump of the portal vein is not ligated, but oc
cluded with a Glover clamp until the anastomosis 
with the greater saphenous vein graft has been 
completed. 

Prior to division of the portal vein, exact pres
sure and flow measurements must be obtained. 
The vessel is punctured, and the free portal pres
sure is measured with a Statham apparatus. Then, 
the portal vein is occluded with a vascular clamp, 
and the pressure toward the liver is measured 

40 Before 
occlusion 

30 >Smm Hg 

20 
After 
occlusion 

10 

0 

Fig. 28.16. Pressure- and flow-adapted arterialization of 
the liver (MATZANDER). Puncture of the dissected portal 
vein for measurement of the postocclusive portal pres
sure. Occlusion of the portal vein. The pressure is mea
sured toward the liver. The pressure difference between 
free portal pressure and postocclusion pressure should 
be greater than 6 mmHg 
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(Fig. 28.16). Usually, the pressure is at least 
6 mmHg lower following occlusion. This pressure 
gradient should be one-quarter of the free portal 
pressure; only in this case is arterialization indicat
ed. If, after occlusion of the portal vein, the pres
sure does not fall or if it rises, one can conclude 
that intrahepatic arterioportal shunt connections 
exist and that arterialization is therefore contrain
dicated. The differentiation made possible by pres
sure measurements can be complemented by elec
tromagnetic flow measurements, though the value 
of these measurements is limited in the case of 
veins. This information allows an individually 
adapted portal surgery. Arterialization makes 
sense if the flow is greater than 500 mljmin. At 
lower flow rates (300-400 mljmin) it is superfluous 
since no significant portal flow remains because 
of the advanced cirrhosis. 

2. Harvest of the Greater Saphenous Vein 

The distance between the stump of the portal vein 
and the iliac artery is approximately 15-20 cm. 
The venous graft must be of an appropriate length. 
It is removed by means of a vertical incision in 
the thigh below the inguinal ligament and another 
incision above the knee joint. A suction drain is 
inserted and the skin closed. The harvested vein 
is tested for leaks by injection with normal saline 
solution and preserved in heparinized saline solu
tion until use. 

3. Anastomosis of the Venous Graft 

The proximal portal stump should not be too 
short, as there must be enough vascular wall for 
anastomosis with the venous graft. First, however, 
the right common iliac artery must be dissected 
free. The small bowel is covered with towels, re
tracted toward the left and proximally, and the 
iliac artery exposed. The dorsal peritoneum is in
cised over a length of about 8 cm, and the artery 
is mobilized and encircled. Care must be taken 
not to injure the dorsally located iliac vein. A ret
roperitoneal tunnel is created for the venous graft. 
The tunnel should run behind the mesocolon, par
allel to the vena cava. It is advisable to mobilize 
the hepatic flexure of the colon and retract it me
dially and caudally. 

Careful note having been taken of the direction 
of blood flow, the venous graft is beveled at its 
proximal end to match the diameter of the portal 
vein. The anastomosis between the portal vein 
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Fig. 28.17. Pressure- and flow-adapted arterialization of 
the liver (MATZANDER). The end-to-side anastomosis be
tween portal vein and vena cava has already been com
pleted. A beveled saphenous vein graft is anastomosed 
end-to-end to the central portal stump and is then 
brought through the retrocolic and retroperitoneal space 
to the right common iliac artery. End-to-side anastomo
sis between vein graft and iliac artery 

stump and the saphenous vein should be per
formed first. This can be difficult if the liver is 
large and the operative field is deep in the abdo
men. One starts the suture at the proximal corner 
of the portal vein. The suture material is double 
5-0 Prolene. First the posterior wall is done in 
a proximal-to-caudal direction, then the anterior 
wall in the same manner. After the anastomosis 
has been completed, the vein is clamped immedi
ately distal to the portal vein so that hemostasis 
of the suture line can occur. With the aid of a 
sponge forceps, the venous graft is then pulled 
down to the right common iliac artery through 
the retroperitoneal and retromesocolic tunnel 
made earlier. Torsion and kinking should be 
avoided at all costs (Fig. 28.17). 
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The iliac artery is then clamped proximally and 
distally, and an oval-shaped piece of the anterior 
wall measuring 1-1.5 em is excised. Heparinized 
saline is instilled into the artery peripherally, then 
the vein end is beveled for the end-to-side anasto
mosis, which is done from proximal to distal. 
Again, the suture material is double 5-0 Prolene. 
After the inflow and outflow have been checked, 
the venous graft is filled with heparinized saline 
solution, the suture is completed, and blood flow 
is restored. 

Finally, the blood flow (optimally 200-300 mlf 
min) and the pressure in the proximal portal stump 
are measured. Pressures that exceed the original 
value by 2-3 mmHg can be tolerated; otherwise, 
the anastomosis or the vein graft must be banded. 

Overarterialization must be avoided, because it 
leads postoperatively to edema, liver cell dissocia
tion, fibrosis, and marked ascites formation. The 
peritoneum over the iliac artery is closed with a 
running catgut suture. 

Intraoperative and Postoperative Complications. If 
the greater saphenous vein is not usable because 
of inadequate diameter, thrombosis, or varicose 
changes, or if it has already been removed, an arti
ficial graft (PTFE graft 5 mm in diameter) can 
be used, though this is not as favorable. If the 
flow through the graft is too low, it is shortened 
and anastomosed directly to the aorta. 

Massive postoperative ascites is usually due to 
overarterialization and rapidly leads to renal insuf
ficiency. In these cases, reintervention is indicated. 
The transplanted vein must be banded or even li
gated. 

D. Venous Interruption 

I. Definition 

Venous interruptions are palliative interventions 
designed to arrest the blood flow to the esophagus 
and thereby stop variceal bleeding. They have no 
effect on portal hypertension itself, which remains 
unchanged. Therefore, they are not a real alterna
tive to portasystemic shunts. 

There are approximately 100 different kinds of 
venous interruptions. This large number of surgi
cal modifications reflects not only the essential in
adequacy of the procedures themselves, but also 
the desperation and helplessness which accompany 
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the grim prognosis of catastrophic bleeding from 
esophageal varices. The in-patient mortality fol
lowing venous interruption is reported between 
11% and 86%. 

It is impossible to describe all of the surgical 
techniques in detail. We therefore limit ourselves 
to those procedures which in our experience have 
proved to be the simplest and most practicable. 
Certainly the poor results of these procedures are 
to a large degree caused by the fact that a venous 
interruption is done only after variceal hemor
rhage has recurred several times. 

ll. Indications and Recommended Procedures 

Venous interruptions are indicated in special cases 
of variceal bleeding where a portasystemic shunt 
is not possible. They belong to the repertoire of 
every surgeon who deals with portal hypertension. 
If variceal bleeding cannot be controlled conserva
tively, the following are indications for venous in
terruption: 

- Extensive prehepatic block (portal vein throm
bosis without the possibility of shunt), 

- Thrombosis of portasystemic shunt with post
operative variceal bleeding, 

- Recurrent variceal bleeding despite an open por-
tasystemic shunt. 

We recommend the following venous interrup
tions: 

a) Decongestion of stomach, esophagus, and dia-
phragm with splenectomy [14], 

b) Subcardial interruption with staplers [25], 
c) Esophageal interruption with staplers [19], 
d) Transection of the esophagus with paraesopha

geal and gastric devascularization [30], 
e) Abdominal resection of the cardia and fundus 

with splenectomy [29], 
f) Thoracic esophageal transection [31]. 

ill. Evaluation 

Venous interruptions are palliative procedures that 
do not lower portal hypertension. During the stage 
of acute bleeding, they carry a higher risk than 
does an emergency shunt. In the literature one 
finds occasional reports of a lower mortality, but 
these reports give no information about the Child 
classification of the operated patients. There is also 
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a lack of detailed information on the late course 
following venous interruptions, especially data on 
recurrent bleeding and survival times. In summary, 
one must conclude that venous interruptions do 
not decrease the overall blood flow to the liver 
and that safe hemostasis and prevention of recur
rent bleeding are questionable. 

IV. Surgical Technique 

For all abdominal venous interruptions, a large 
left-sided subcostal incision is the best approach. 
It allows optimal exposure of the abdominal 
esophagus, the upper part of the stomach, and 
the spleen, even when the left lobe of the liver 
is enlarged. In thoracic and thoracoabdominal op
erations, a left thoracotomy in the sixth or seventh 
intercostal space is recommended. 

1. Decongestion of Stomach, Esophagus, 
and Diaphragm with Splenectomy (HASSAB) 
(Fig. 28.18) 

After the upper abdomen has been exposed, the 
proximal half of the stomach, including the short 
gastric vessels, is skeletized. In this area, one fre
quently finds thick congested veins which tear easi
ly, causing significant blood loss. 

The lesser sac is now opened, and the spleen, 
with its artery and vein, comes into view. It is 
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Fig. 28.18. Venous interruption 
(HASSAB), with decongestion of the 
proximal half of the stomach by 
stepwise skeletization of the greater 
and lesser curvature. Splenectomy. 
Furthermore, all connections between 
the stomach wall and the diaphragm 
are transected. The same is done with 
the periesophageal veins 

usually enlarged and adherent to the surroundings. 
If at all possible, the splenic vessels are isolated 
from an anterior direction, triply ligated with 0-1 
silk, and transected. Then, the splenocolic liga
ment is divided; here also, large collaterals are 
sometimes encountered. The spleen is pulled anter
iorly after the peritoneal reflection has been in
cised. It is dissected free, out of the subphrenic 
space, while the tail of the pancreas is left un
touched. Careful hemostasis by means of an elec
trocautery and suture ligatures in the bed of the 
spleen is essential because of the danger of reb Ie ed
ing, especially in the case of extensive adhesions. 
The next step is the skeletization of the lesser cur
vature, proceeding from the angle of the stomach 
proximally, during which maneuver the coronary 
vein and the left gastric artery are transected. 
Though this results in a significant reduction of 
blood flow to the stomach, the organ is still suffi
ciently supplied with blood through the right gas
tric artery and the right gastroepiploic artery. 

Next, the peritoneum covering the esophagus 
is incised, and the esophagus is freed from the 
hiatus and encircled with a rubber band. All veins 
leading to the esophagus, especially those on the 
dorsal surface, are secured with suture ligatures 
and transected. The same is done with the occa
sionally large veins leading to the diaphragm. We 
have combined this procedure, first developed by 
Hassab, with subcardial interruption using a 
stapler, as described by RIENECKER [25] (see be-
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low). To avoid esophageal reflux as a result of 
mobilizing the esophagus and stomach, we also 
recommend a Nissen fundoplication, if there are 
no special difficulties. 

2. Subcardial Venous Interruption by Stapler 
(RIENECKER) 

This is a relatively simple procedure which only 
interrupts the blood flow to the esophageal, not 
to the fundal varices. RIENECKER and DANEK [25] 
used a GIA (R) stapler which compresses the sero
sa-mucosa interval to 1.75 mm with four rows of 
staples, thereby interrupting the intramural var
ices. The peritoneum covering the cardia is incised, 
and the terminal esophagus is freed out of the hia-

Left vegus n. 

RighI vagus n 

a 

Fig. 28.19a, b. Subcardial venous interruption (RIEN
ECKER) using a OIA stapler. The esophagus is mobilized 
and encircled, the lesser curvature is devascularized and 
incised. The stapler instrument is introduced; first the 
posterior and then the anterior wall is blocked with four 
rows of staples. With this maneuver, the veins leading 
to the esophagus are blocked in the wall of the stomach. 
Closure of the gastrotomy with sutures 
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tus and encircled with a rubber band. The lesser 
curvature is skeletized for a distance of 3 cm, care 
being taken not to injure the vagus nerves. Stay 
sutures are placed at the proximal and distal ends 
of the skeletized section of the stomach wall. The 
stomach wall is incised with an electric knife, the 
stapler is introduced, and first the anterior, then 
the posterior wall of the stomach is blocked with 
staples (Fig. 28.19a, b). The small gastrotomy is 
then closed in two layers and additionally covered 
with serosa. It is important that the staple row 
is close to the entrance of the esophagus; other
wise, the greater curvature and part of the fundus 
of the stomach will not be reached by the interrup
tion. Technical details should be taken from the 
instructions supplied with the stapling instrument. 
The simplicity of the procedure and the short oper
ating time are impressive. 

3. Esophageal Venous Interruption by Stapler 
(KIVELITZ) 

Years ago, Boerema developed a procedure for lig
ature dissection of the esophagus. The same objec
tive can now be accomplished more simply by the 
use of modern stapler devices (EEA (R) stapler) 
developed for enteral anastomosis. The anterior 
wall of the stomach is opened with cautery be
tween stay sutures. The EEA instrument is intro
duced through the gastrotomy into the esophagus, 
which has been mobilized and encircled 
(Fig. 28.20a). The esophagus is now ligated with 
3-0 silk between the two parts of the instrument. 
The instrument is then closed by tightening the 
screw and fired (Fig. 28.20b), thereby interrupting 
the veins leading from the stomach to the esopha
gus. The gastrotomy is closed in two layers, and 
the staple suture is covered with the fundus of 
the stomach. The disadvantage of this method is 
that bleeding from fundal varices is not controlled. 

4. Esophageal Transection and Paraesophageal 
Devascularization (SUGIURA-FuTAGAWA) 

This procedure is done thoracoabdominally in two 
stages in high-risk patients. 

a) Thoracic Operation. With a left thoracotomy 
in the sixth intercostal space, adhesions between 
lung and parietal pleura are removed. The inferior 
pulmonary ligament is incised. The lung can now 
be retracted cephalad. The mediastinum is opened. 
In the mediastinum, one finds many blood-filled 
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Fig. 28.20a, b. Esophageal venous interruption (KIVE
LITZ). a The abdominal esophagus is mobilized. A gas- a 
trotomy is made in the body of the stomach and the 
stapler instrument is advanced into the esophagus. The 
esophagus is ligated in a circular fashion distal to the 
anvil of the instrument. The instrument is fired. b Eso
phago-esophageal end-to-end anastomosis. The staple 
rows block the esophageal varices 

I 
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Aorta Mediastinal 

paraesophageal veins running parallel to the vagus 
nerve and interconnecting with the esophageal ve
nous plexus. All these shunt veins (approximately 
30-50) are carefully ligated up as far as the inferior 
pulmonary vein (Fig. 28.21 a). Care should be tak
en not to injure the vagus nerves. 

Now, the esophagus is mobilized, encircled, and 
opened after two soft clamps have been applied 
(Fig. 28.21 b). The muscle layer is opened longitu
dinally, the mucosa transversally. The varices 
which run in the submucosa are ligated with fine 
suture ligatures (Dexon (R) or Vicryl (R) 5-0 
atraumatic). Afterwards, the esophagus is closed 
by double suture. Usually, 70-90 suture ligatures 
are necessary. 

b) Abdominal Operation. A left subcostal incision 
is made. The short gastric vessels are transected 
between ligatures, the splenic vessels are ligated, 
and the spleen is removed (see p. 765). The proxi
mal third of the greater curvature, especially the 

Fig. 28.21 a, b. Devascularization (SuGIURA-FuTA
GAWA). a Opening of the left chest cavity through an 
intercostal incision. The lung is pushed cephalad. The 
mediastinal pleura is incised, and the distal esophagus 
is dissected free. The periesophageal veins are carefully 
controlled with suture ligatures. b The esophagus is in
cised after soft clamps have been placed. The intramural 
veins are also controlled with multiple suture ligatures 

posterior wall, is carefully skeletized; then, the les
ser curvature, from the angle of the stomach up
ward, is devascularized. A selective vagotomy and 
pyloroplasty is also performed. In addition, the 
veins leading from the diaphragm to the esophagus 
must be ligated and transected (Fig. 28.22). Su
GIURA and FUTAGAWA [30] have operated on 276 
patients using this method; only 52 of these opera
tions came during the acute phase of bleeding. 



778 

Righi vagus n 
Azygos v I / leI! vagus n, 

Hemiazygos v 

Pyloroplasly 

Fig. 28.22. Devascularization (SUGIURA-FUTAGAWA). 
Abdominal part of the operation. Devascularization of 
the upper half of the stomach along the greater and 
lesser curvature. Ligature and transection of the splenic 
vessels and splenectomy. Careful dissection of the phren
ic veins. Vagotomy and pyloroplasty 
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They also recommend this procedure for elective 
surgery. The surgical mortality is surprisingly low, 
in spite of the long and extensive thoracoabdomin
al procedure. In emergency situations it is 11.5%. 

5. Abdominal Resection of Cardia and Fundus 
with Splenectomy (STELZNER) 

Because this is not a cancer operation requiring 
safety zones around the esophagus, we do not con
sider a thoracoabdominal approach to be neces
sary. Good exposure can be achieved with an ex
tensive left-sided subcostal incision. 

We start by skeletizing the fundus of the stom
ach, with transection of the short gastric vessels. 
Then, the hepatogastric ligament is divided be
tween ligatures, and the proximal lesser curvature 
is carefully skeletized. Next, the esophagus is 
freed from the hiatus and encircled, and the left 

Fig. 28.23a-c. Abdominal cardia-fundus resection with 
splenectomy. a The esophagus on the upper part of the 
stomach is desvascularized and mobilized. The esopha
gus is encircled. Mter a clamp has been placed, the 
esophagus is ligated proximal to the cardia, and the fun
dus of the stomach is transected with the aid of a stapling 
instrument. b End-to-side anastomosis between esopha
gus and stomach. The posterior wall is sutured with ei
ther continuous or interrupted sutures of fine absorbable 
suture material. c Completed end-to-side esophagogas
trostomy 
\l 

b 

c 
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gastric artery and the coronary vein are ligated 
and transected. The esophagus is mobilized and 
ligated at the cardia with a heavy silk suture; then, 
after proximal placement of an angled clamp, the 
esophagus is transected (Fig. 28.23a). The stom
ach is then pulled distally and caudad, and a Petz 
apparatus is applied at the border of the skeletiza
tion. The stomach is transected between the suture 
rows of the Petz apparatus. The cardia, the fundus, a 
and the small rim of the esophagus are removed. 

Since the lesser sac is now open, one can expose 
and ligate the splenic vessels and remove the spleen 
(see p. 765). Careful hemostasis of the splenic bed 
should be observed. The suture line of the stomach 
is then secured with an additional running 2-0 cat
gut suture to obtain complete hemostasis, and the 
seromuscular layer is closed with interrupted 3-0 
cotton sutures. 

Anastomosis Between Esophagus and Corpus of the 
Stomach. The anastomosis is performed using a 
single row of all-layer sutures of absorbable mate
rial (Dexon/Vicryl 4-0) (Fig. 28.23 a, b). The poste
rior suture row is done with mattress sutures, 
which allow for broad adaptation of the tissues. 
Since the remaining stomach is sufficiently large 
(unlike a cancer resection), the esophageal anasto
mosis can be secured in an additional fundoplica
tion. Esophageal anastomosis can also be done 
with the EEA stapler. Careful hemostasis is carried 
out, and two drains are put in place, one in the 
splenic bed and one near the anastomosis. This 
procedure is extensive and stressful. As an emer
gency operation during massive hemorrhage, we 
think it is too risky. It should only be used as 
a last resort. Its advantage is that esophageal as 
well as fundal varices are removed. A pyloroplasty 
can be added but is not essential. 

6. Thoracic Esophageal Transection (WALKER) 

The best approach is through a left thoracotomy 
in the sixth or seventh intercostal space. After the 
chest cavity is opened, the left pulmonary lobe is 
mobilized and pushed cranially. The mediastinal 
pleura is incised longitudinally, and the esophagus 
is freed from the mediastinum and encircled. Many 
vascular connections to the esophagus are encoun
tered which have to be ligated carefully. The 
esophagus is mobilized over a distance of 10-
12 cm and compressed proximally and distally 
with two soft clamps to avoid blood loss. An inci
sion 5 cm long is made in the surface of the muscle 
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Fig. 28.24a-c. Transthoracic esophageal transection 
(WALKER). a The esophagus is dissected free in its distal 
part after opening of the mediastinal pleura. It is grasped 
proximally and distally with clamps. After stay sutures 
have been placed, the musculature of the esophagus is 
opened longitudinally, and the esophageal mucosa is 
freed bluntly over its entire circumference. b The muco
sal tube is transected transversally. A small posterior 
strip remains intact. The engorged esophageal varices 
are controlled with fine suture ligatures. Afterward, su
ture of the mucosa with interrupted absorbable sutures. 
c Closure of the musculature longitudinally with inter
rupted or continuous sutures 

and held open with stay sutures. Now, the mucosal 
tube can be bluntly dissected out of the muscle 
bed (Fig. 28.24a). With the aid of two stay sutures, 
a semicircular incision is made. One can now see 
the varicose veins in the lumen of the esophagus. 
In the region of the incision, they are suture-ligated 
using very fine absorbable suture material (Dexon
Vicryl) 5-0. A strip of mucosa about 1 cm wide, 
remaining on the posterior wall, prevents retrac
tion of the mucosa (Fig. 28.24 b). The varices are 
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now controlled one by one with suture ligatures, 
the mucosa is approximated with fine sutures, and 
the musculature is closed longitudinally using the 
same suture material. One should also secure the 
esophageal suture line with a flap of mediastinal 
pleura. Fundal varices cannot be controlled by this 
operation. This is a disadvantage. 

E. Peritoneovenous Shunt in the 
Treatment of Refractory Ascites 

Ascites not responding to conservative measures 
can be treated surgically. Procedures earlier used, 
e.g., lymphovenous anastomosis, have not stood 
the test of time. Today, one uses plastic valve-tube 
systems that transport the ascites from the abdom
inal cavity into the superior vena cava. LEVEEN 
et al. [20] first developed such a valve system in 
1974. 

I. Indications and Contraindications 

The most important indication is ascites secondary 
to cirrhosis and not responsive to diuretics. Most 
of such patients are in the final stage of cirrhosis. 
A controversial indication is ascites due to perito
neal carcinosis. Contraindications are renal insuf
ficiency, congestive heart failure, and coagulation 
disorders. 

TI. Valve Systems 

The valve systems are manufactured from inert 
nontoxic plastic material (Silastic, Teflon); they 
are composed of three elements: 

1. A collector for the ascites which is positioned 
in the abdominal cavity, 

2. A one-way valve which, depending on the mod
el, allows for the passive or active transport 
of the ascites and prevents retrograde flow of 
the blood from the vena cava into the system, 

3. A venous catheter which is placed over the jugu
lar vein into the superior vena cava and returns 
the ascites to the circulation. 

The functional principle of the system is based on 
a physiologic pressure gradient between the ab
dominal and chest cavities. The valve opens at a 
pressure of 3 cm H20 so that the ascites, which 
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Fig. 28.25. Schematic representation of the position of 
a peritoneovenous shunt. The valve is located subcutane
ously over the costal arch or the sternum, and the venous 
tubing is brought subcutaneously cephalad and inserted 
into the internal jugular vein. The tip of the venous tub
ing is positioned in the superior vena cava, close to the 
atrium. The figure also shows a breathing bottle by 
which the patient can inhale against a resistance of 15 cm 
H20. This increases the intra-abdominal pressure, and 
the ascites is pushed through the shunt system into the 
venous circulation 

is under pressure, flows into the vena cava. The 
intra-abdominal pressure can be increased by the 
use of abdominal binders and by breathing against 
resistance, using a breathing bottle. The patient 
should breath against a resistance of 10 cm of H 20 
several times daily for 15 min (Fig. 28.25). 

Four ascites valves are available. The technical 
principles are described in the following section. 

1. LeVeen Valve 

This consists of a perforated collector for the as
cites and a one-way valve with a silastic tube for 
the vena cava, which can be shortened as needed. 
The valvular membrane opens when the abdomi
nal pressure exceeds the central venous pressure 
by at least 10 cm H 20. To increase this pressure 
gradient, the patient breathes against resistance us
ing a breathing bottle. With this technique patient 
cooperation is obviously essential. 

2. Storz Denver Valve 

This has a flexible pump chamber with two valves. 
The subcutaneously implanted pump chamber can 
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be compressed from the outside with a finger and 
the ascites can be pumped into the vein. The valve 
opens at a pressure of 1 em H20 and has a flow 
rate of 36-48 mlJmin. Both valves prevent reflux 
into the pump chamber. It is an advantage that 
the ascites collector and the venous tube are 
marked with strips of contrast material so that 
precise localization by X-ray is possible during and 
after implantation. 

3. Agishi Valve 

This system uses an ascites collector with a double 
lumen to prevent obstruction of the collector by 
omentum or bowel. The membrane pump has a 
one-way valve which opens at a pressure of 
5 mmHg and resists reflux up to a pressure of 
175 mmHg. With each pump stroke, 3-6 ml ascites 
can be transported. A filter is located at the end 
of the venous catheter to prevent reflux of blood 
into the pump chamber and to prevent thrombo
sis. The loop, therefore, cannot be shortened. 

4. Cordis Hakim Valve 

This system is supplied in separate parts which 
have to be assembled intraoperatively. It has a ball 
valve with a closing pressure of 10-30 mm H 20, 
allowing for active transport of ascites into the 
vein. An additional chamber is built into the sys
tem, which allows the puncture of ascites postoper
atively and the irrigation of the system. Plugging 
by protein can thus be prevented. The ascites col
lector is made of semiflexible plastic and marked 
for fixation at the peritoneum. 

ID. Surgical Technique and Complications 

The ascites collector should be introduced into the 
abdominal cavity in the left upper abdomen be
cause in some cases a portasystemic shunt opera
tion could become necessary later on. A 5- to 8-cm 
transverse incision is made in the left upper quad
rant. The musculature of the rectus is pushed apart 
bluntly, and a purse-string suture with heavy Dex
onJVicryl is placed in the peritoneum. A stab inci
sion is then made within the purse-string suture 
(Fig. 28.26a). Part of the ascites now escapes and 
is evacuated. The ascites collector is then intro
duced into the abdominal cavity and fixed in place 
with the purse-string suture. At the same time, the 
incision in the peritoneum is closed by tightening 
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the suture (Fig. 28.26b). The valve part is then 
placed within the rectus sheath (LeVeen model) 
or, if one is using a pump valve (Storz Denver, 
Cordis Hakim), on a firm body surface (sternum, 
costal margin) (Fig. 28.26 c). The venous part of 
the system is then introduced through the right 
or left jugular vein into the superior vena cava. 
The vein is exposed through a small supraclavicu
lar incision lateral to the sternocleidomastoid mus
cle and encircled with a tape. A purse-string suture 
with 4-0 Prolene is placed on the anterior aspect 
of the vein (Fig. 28.6d). First, however, a subcuta
neous tunnel is created with a forceps. After the 
venous tubing has been brought through this tun
nel and the jugular vein has been clamped, a stab 
wound is made within the purse-string sutures and 
the vascular edges are grasped with mosquito 
clamps to facilitate the introduction of the plastic 
tube into the jugular vein and the superior vena 
cava. It is advanced almost to the right atrium. 
The purse-string suture is tightened temporarily, 
and the position of the catheter tip is checked by 
X-ray. It should not be located in the atrium, 
where it can cause cardiac arrhythmias. Depending 
on the circumstances, the tube may have to be 
shortened and advanced into the vein again. If 
the position is correct, the tube is fixed with the 
purse-string suture and with an additional subcu
taneous suture. The tube should enter the vein in 
a smooth curve without kinking. 

Malfunctions of the valve system can be checked 
in two ways: 

1. After injection of radioactive technetium into 
the ascites-filled abdominal cavity, the trans
port of the tagged ascitic fluid through the valve 
in the external tubing can be followed scinti
graphically. 

2. Percutaneous injection of contrast material into 
the external tubing can easily detect kinking 
and obstruction. 

In these cases, operative correction is indicated. 
Furthermore, ascitic leaks can occur where the sys
tem enters the abdominal cavity. These leaks can 
be controlled by suture. Infections leading to sepsis 
are serious. Mortality is high, and the shunt system 
must be removed in time. 

A troublesome early complication is coagu
lation abnormalities with extensive bleeding along 
the subcutaneously embedded tubing system as 
well as at the site of operation. Such bleeding can 
be explained by disseminated intravascular coagu
lation already present preoperatively as the result 
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Fig. 28.26a-d. Implantation of the ascites valve. a After 
transverse incision in the right upper quadrant, the mus
culature of the rectus is spread apart bluntly, and a 
purse-string suture is placed in the posterior rectus 
sheath. Stab incision in the middle of the purse-string 
suture. The abdominal part of the tubing is inserted into 
the peritoneal cavity. b The purse-string suture closes 
the opening in the peritoneum. A subcutaneous tunnel 
is created with the aid of forceps. c Transverse incision 
over the left costal margin, close to the sternum. After 
a subcutaneous pocket has been created, the pump valve 
is placed over the costal margin. The patient is now 
able to compress the small balloon pump against this 
firm surface. d 5 cm incision at the lateral border of 
the sternocleidomastoid muscle on the right. The inter
nal jugular vein is dissected free and encircled. Purse
string suture on the anterior wall of the jugular vein. 
Stab incision and introduction of the proximal part of 
the tubing system into the jugular vein, advancing it 
into ~he superior vena cava. One should be careful not 
to kink the tubing 
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of an impairment of the liver's ability to clear 
thromboplastic substances, and by intravascular 
coagulation caused by the continuous reinfusion 
of ascites. Ascitic fluid entering the blood contains 
tissue thromboplastin, endotoxins, products of fi
brinolysis, and also clotting factors, i.e., plasmino
gen, antithrombin, and antithrombinogen. This 
complication demands the removal of the shunt 
system in order to eliminate ascitic flow into the 
bloodstream. It is necessary to try intravenous as
cites reinfusion preoperatively to determine wheth
er the fibrinogen level drops significantly, or 
whether products of fibrinolysis can be found in 
increased concentrations. The administration of 
vitamin K and fresh frozen plasma is essential; 
postoperatively the coagulation system must be 
checked daily. 
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Another complication is congestive heart fail
ure, which can occur because of the increased in
travascular volume. Digitalization is therefore ad
vised. 

The most common late complication is the oc
clusion of the shunt system caused by fibrin or cell 
elements or by a thrombosis of the jugular vein, 
which can extend into the superior vena cava. The 
occluded part of the shunt system must be ex
changed. 

IV. Evaluation of the Ascites Valve 

If strict indications are adhered to and risk factors 
are excluded, the peritoneovenous shunt can effec
tively treat ascites that are resistant to medical 
management. Advantages are: minor procedure, 
improvement of renal function, improvement of 
water and electrolyte balance, simple follow-up, 
subjective improvement for the patient, and lower 
cost, as compared with high-dose diuretic therapy. 
We prefer the Storz-Denver system because it is 
less susceptible to technical complications and al
lows for the active transport of ascites by means 
of a simple maneuver that can be done by the 
patient. 
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A. Special Prerequisites for Patient 
Selection and Choice of Procedure 

The anatomy of the lymphatic system is described 
on p. 32. 

Primary lymphedema of the lower extremity is 
characterized by reduction of the epifasciallymph 
collectors, especially of the ventromedial bundle. 
The cause of this hypoplasia has not been ex
plained completely. Many things point to malfor
mation. Primary lymphedema of the arm is much 
rarer than that of the leg and therefore less precise
ly characterized by lymphangiogram. 

In case of secondary lymphedema of the lower 
and upper extremity, the deep or the superficial 
lymphatic system, or both of them, are either func
tionally impaired, overloaded, or have been ana
tomically destroyed. This may be a result of trau
ma, surgery, parasites, inflammatory or neoplastic 
processes, or a chronic venous insufficiency. 

According to FOLDI [5], in a disturbance of the 
lymphatic outlet of whatever origin in the extremi-

ties, the so-called lymphatic load is reduced by 
compensatory mechanisms. These include lym
phatic as well as extralymphatic reactions. The 
lymphatic, regenerative functions are numerous: 
bypassing of defects by means of collaterals, lym
phatic bypasses within the superficial or deep sys
tem itself, but also by cross connections in both 
directions, depending on the compartment with 
the lymphatic block, as well as by opening of lym
phatic venous shunts. The extralymphatic reaction 
is the work of monocytes and macrophages, which 
usually support the clearance from the interstitial 
tissue of lymphatic substances and thereby main
tain the extralymphatic protein transport. When 
these compensatory mechanisms fail to drain the 
lymphatic load, it exceeds the lymphatic transport 
capacity. The result is lymphostasis. Clinically, this 
may be evident in very circumscribed local edemas 
or global edema of the whole extremity. This de
pends on the lymphatic outlet stenoses and the 
possibilities for bypasses through the so-called 
lymph territories [7]. 

In the cisterna chyli, clear lymph from the lower 
extremity is mixed with the fatty lymph from the 
gut. Pathologic primary and secondary conges
tions in this area may result in a reflux of chylous, 
viscous, milky lymph back into the limb (chylous 
edema/chylous fistula), the abdomen (chylous as
cites), the pleura (chylothorax), the pericardium 
(chylopericardium), the urinary bladder (chyluria), 
or the vagina (chylous metorrhea). 

B. Indications for Resective Operations 

Due to the special anatomic and pathogenetic fac
tors involved, there is practically no regeneration 
of lymphatic vessels in cases of primary lymphede
ma, and there are also significantly fewer compen
satory mechanisms, both in the pelvis and in the 
leg, as compared with secondary lymphedema. For 
both types, however, the same therapeutic princi-
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pie holds true: Resectional surgery is indicated 
only in case of disabling symptoms. 

A whole spectrum of conservative measures is 
available, not only as alternatives to surgery but 
also, from the surgical point of view, as forms 
of pre- and postoperative treatment [2, 5]. How
ever, these measures will be effective only as part 
of an individualized treatment program, i.e., one 
that takes account of the special character of the 
swelling, specific local changes within the swelling 
itself, and the patient's individual circumstances. 
The spectrum of measures in question especially 
includes physiotherapy to decompress the limb 
and the wearing of appropriate elastic support 
stockings. Gymnastics especially designed for the 
lymphatic system as well as special hand massage 
have been successful. Additional measures are 
aimed at helping the patient understand how to 
live with, rather than for, the swollen limb. Diuret
ics are indicated only for acute swelling. Benzopyr
one derivates stimulate the macrophages. These 
measures will not remove the lymphedema, but 
they may help to maintain working capacity. Im
provement cannot be expected unless therapy is 
consistent. Only in this way is it possible to oppose 
the progress of the disease, which is not yet com
pletely understood, and to protect the patient from 
despair. 

Among the operative procedures, we funda
mentally distinguish between physiologic opera
tions and resections. The variety of procedures in 
current use indicates that no operative method is 
satisfactory in all cases. There are detailed mono
graphs, for instance, on the leg [1] or the arm 
[4] . 

The objective of present-day physiologic meth
ods is to drain the congested lymph through capil
laries into the normal healthy body parts using 
pedunculated skin flaps of various thickness. Di
rect lymphatic venous anastomoses are an attempt 
to drain the peripheral lymph into the venous sys
tem. Lymph vessel transplantations (see pp. 791, 
796) have the same objective but involve direct 
reconstructive measures within the lymphatic sys
tem. If initial evaluation reveals none of the ac
cepted physiologic procedures to be appropriate, 
resectional procedures are available in cases of se
vere malformation. Here, the subcutaneous fatty 
tissue containing the lymphostatic fluid is excised. 
Since the lymphatic load is thereby reduced, the 
resection may also be acknowledged to have a 
physiologic component. The operative technique 
follows the principles of plastic surgery. Numerous 
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modifications have been worked out in line with 
the basic intention. A method has been tried by 
THOMPSON, described as dermatoplasty [10], com
bining the idea of physiology and resection. In 
order to bypass obstructions within the small pel
vis, KINMONTH tried an enteromesenteric shunt [6]. 
An evaluation of my own results and a reinspec
tion of the literature lead me to conclude that there 
are currently only four methods that have any 
practical value. 

C. Dermatoplasty According to Thompson 
[10] 

This method aims at the drainage of the lymph 
in the subepidermal lymph capillaries into the 
muscle compartments, using a long pedicled skin 
flap without epithelium (Fig. 29.1.1). In order to 
provide a physiologic direction of lymph flow in 
the subepidermal plexus, the edge of the flap 
should be located approximately in the area of 
the superficial lymphatic system, normally con
taining the collector vessels. For instance, the pre
fascial lymphatic vessels of the thigh join in the 
direction of the collectors of the ventromedial bun
dle. Therefore, the incision must be chosen in such 
a way that the direction of normal lymph flow 
in the flap is toward its edge. 

Typically, a dorsal full-thickness skin pedicle 
in the shape of a door is excised over the entire 

Fig. 29.1.1. Operation according to THOMPSON [10], part
ly excisional, partly for lymph drainage, creates a full
thickness skin pedicle. The compound flap is denuded 
of epidermis with a dermatome, is then buried between 
the muscles and fixed there 
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length of the medial side of the arm or leg, leaving 
enough subcutaneous capillary-containing tissue 
to provide nutrition. The subcutaneous tissue and 
the fascia underneath are excised over the entire 
length of the flap. Owing to excision of fatty tissue, 
a margin of several centimeters is left over. This 
margin serves as a flap providing a link to the 
muscle compartment. It is prepared as a skin flap 
by removing the epidermis with a dermatome. 
Then, the edge is buried between the muscles and 
fixed there. Finally, it is completely interiorized 
by closure of the skin. If the method works proper
ly, subepidermal lymph capillaries of the skin flap 
will link up to the muscular and perivascular lym
phatics of the deep system. The lymph draining 
along the skin flap should then be controlled by 
the muscle pump. Had the fascia not been resected, 
they would impair the usual regeneration of the 
flap. 

My experience with this method has been lim
ited mainly to operations on the leg, and I have 
not had good results with it. THOMPSON himself, 
in the final report on his results [10], held that 
the effectiveness of the operation was due chiefly 
to the extensive excision of fatty tissue and not 
on the improved drainage of the lymph through 
the buried flap. 

Fig. 29.1.2. Following decompression of a severe lymph
edema, the excess skin becomes loose and can be folded 
manually 

D. Wedge Excision According to Mikulicz 
and Sistrunk [9] 

Following successful conservative decompression 
of elephantiasis, performed with the ultimate pur
pose of hospitalizing the patient for a wedge resec
tion, loose compound flaps remain on the shaft 
of the extremities as well as in the region of the 
joints, especially on the calf of the leg. This excess 
skin can be folded manually (Fig. 29.1.2), and 
where necessary, it can be resected in longitudinal 
wedges. The wedge-shaped skin incision encircles 
enough loose tissue to approximate the skin edge
to-edge without tension. A wedge excision is con
tinued down to the level of the fascia, the muscles, 
or the ligaments (Fig. 29.1.3). MUltiple suction 
drains and closure of the wound layer by layer 
with supporting sutures are recommended. 

If the procedure has to be performed medially 
and laterally, two separate operations at different 
times are indicated. 

The procedure is merely palliative and requires 
all conservative measures to assure success. Its aim 
is to reduce the patient's weight by massive resec
tion and to establish the feasibility of conservative 
therapy with elastic stockings. 

Fig. 29.1.3. Wedge excision according to MIKULICZ and 
SISTRUNK. The excess integument is removed in a wedge. 
Skin approximation without tension 
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Fig. 29.1.4a-e. Extensive excision according to SERVELLE 

[8] . a Longitudinal skin incisions. b All subcutaneous 
tissue is pared off the skin with a scalpel, producing 
longitudinal pedicled full-thickness skin flaps that are 
retracted dorsally and ventrally. c En bloc resection of 
the subcutaneous fatty tissue. d Excision of the muscle 
fascia in order to provide sufficient capillary contact 
between the pedicled skin flap and the denuded area. 
e Closure of the skin without tension 
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c 

E. Extensive Resection According 
to Servelle [8] 

The following procedure was first described by 
SERVELLE in 1947. In my experience, satisfactory 
results were obtained, especially in younger dis
abled patients. The technique is shown for the me
dial side of the limb. 

The patient is placed in a supine position. A 
tourniquet is applied after the leg has been sus-
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pended for at least 5 min. The tourniquet must 
be tightened repeatedly due to compression of the 
edema. Depending on the extent of the disease and 
the operative goal, longitudinal skin incisions are 
made on the medial side of the lower leg and/or 
the thigh (Fig. 29.1.4a). In advanced stages, the 
skin will have hardened or locally thickened. The 
incision is extended deeper to approach the fascia. 
Despite reduction of the edema, the subcutaneous 
tissue is excised carefully with a scalpel, grasping 
the skin only with the hand, not with forceps or 
clamps. In this way, longitudinal, dorsal, and ven
tral skin pedicles are constructed (Fig. 29.1.4b). 
In the second step, the fascia is denuded by en 
bloc resection of the fatty tissue. Depending on 
the situation, parts of the saphenous or sural 
nerve are resected (Fig. 29.1.4c). The third step 
is the removal of the fascia in order to pro
vide sufficient capillary contact between the pe
dicled full-thickness skin graft and the denuded 
area (Fig. 29.1.4d). The fourth step is the release 
of the tourniquet followed by meticulous hemos
tases, which may well take 1 h. Microcoagulation 
should be used to protect the skin. Finally, in the 
fifth step, the wound is closed without tension, 
following placement of multiple drains of various 
types and excision of excess tissue (Fig. 29.1.4e). 

The dressing consists of a 2-cm circular layer 
of hydrophilic gauze to absorb the inevitable and 
massive secretion during the exudative phase of 
the wound healing. Immediately after the opera
tion, a circular rubber bandage providing a pres
sure of about 40 mmHg is applied. This rubber 
bandage is replaced later by an elastic textile ban
dage when the patient is mobilized. In a complicat
ed postoperative course, the dressing is not 
changed before the 7th day. 

In primary lymphedema it is often necessary 
to remove a hardened edematous cushion from 
the dorsum of the foot. In such cases, the subcuta
neous fat is excised just within the layer of the 
peri tendinous tissue of the extensor tendons, pre
serving their gliding ability. Pre- and retromalleo
lar edematous tissue is excised, preserving vascular 
and ligamentous structures. The placement of skin 
incisions depends on the local situation. On the 
dorsum of the foot, usually longitudinal incisions 
are performed. During dissection, special care 
must be taken to preserve the dorsalis pedis and 
posterior tibial arteries. 

On the lateral side of the thigh and of the lower 
leg, the prqcedure is performed in similar steps. 
Special care is taken to preserve the fibular nerve 

in the region of the head of the fibula on the lateral 
side of the lower leg. 

Postoperative complications: Seromas are treat
ed according to general surgical procedures. Mar
ginal necroses are removed early and covered by 
free skin grafts after wound debridement. 

The procedure itself as well as the postoperative 
bandaging carry the risk of an anterior tibial com
partment syndrome. This must be diagnosed and 
treated as early as possible; for this purpose, a 
regular, careful check of toe motility and peripher
al pulses is essential (see p. 638). 

F. Treatment of Chylous Reflux in the Leg 

Chylous reflux is caused by dysfunction of the cys
terna chyli. Secondary blockage and true primary 
lymphangiectasia with incompetent valves are the 
underlying diseases. The intestinal chyle no longer 
drains exclusively through the thoracic duct but 
follows the law of gravity instead. The chyle first 

Fig. 29.1.5. Surgical treatment of chylous reflux. Remov
al of chyle-filled "sponges" by retroperitoneal routes 
at the level of the pelvis and with minimal damage to 
skin at the level of the leg 
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enters the enormous retroperitoneal lymphatic sys
tem, consisting of an enlarged pelvic lymphatic 
network, and from there it cascades into the pe
riphery. The surgical treatment of choice is the 
ultraradical excision of the incompetent lymphat
ics in the retroperitoneum and in the groin 
(Fig. 29.1.5). This procedure is a causal treatment 
for chylous reflux because it is like plugging the 
source of the flow. Lymphedema of the leg by 
chylous reflux, however, is not touched. The var
ious modifications for retroperitoneal exposure of 
the iliac arteries serve as the approach to the pelvis. 
In the leg, a more lateral longitudinal incision is 
beneficial, exposing the diseased lymphatic vessels 
subfascially with careful preservation of the skin 
flap. According to my observations and the litera
ture as well, the pathology of the lymphatic vessels 
is quite variable. Sometimes networks of tortuous 
vessels, sometimes sponge-like varicose formations 
are found. All these pathological changes have in 
common that the lymphatic vessels are in close 
contact with arteries, veins, nerves, and muscles 
within the small pelvis and the groin. 

With proper care being taken to preserve all 
of these structures, the chyle-filled lymphatics are 
excised as radically as possible and, if necessary, 
ligated and coagulated. Since the enlarged lym
phatics encircle the neurovascular structures, these 
must be mobilized circumferentially for radical ex
cision. One should beware of arterial spasms in 
young patients. 

Following excision of these megalymphatics, 
exudation during wound healing is profuse. Suc
tion drains placed in various layers are therefore 
indicated. 
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A. Indications for Lympbatic-Venous 
Reconstructions 

I. Upper Extremity 

Lymphedema following mastectomy is one of the 
best-known types of secondary upper-extremity 
lymphedema. Other types of secondary lymphede
ma result from axillary and/or supra/infraclavicu
lar radiotherapy (Hodgkin's disease) and from ax
illary lymph node dissection for treatment or pre
vention of metastases in cases of malignant mela
noma. Lymphedema following axillary lymph 
node disseCtion results from the removal of lymph 

nodes draining the lymphatics of the arm, which 
pass parallel to the axillary vein. Reconstruction 
is indicated since conservative therapy by compres
sion is unsuccessful (absence of collateral circula
tion). 

Exploration (early) of the lymphatic system of 
the arm is then required with the goal of reesta
blishing lymph drainage. A lymphatic-venous re
construction is still the technique most widely used 
[6]. 

Indication for operation: 

- Early secondary lymphedema without serious 
subcutaneous fibrosis, and an intact venous sys
tem, as demonstrated by phlebography. 

- Fibrotic secondary lymphedema, when excision
al surgery (subcutaneous) is considered follow
ing lymphatic-venous reconstruction (see 
p.785ff.). 

Contraindications: 

- Partial or total venous obstruction, e.g., of the 
axillary vein (see lympholymphatic surgery) [1]. 

II. Lower Extremity 

Iatrogenic lower leg lymphedema is known follow
ing gynecologic procedures (A VRUEL), lymph node 
dissection in the groin in cases of melanoma, and 
inguinal radiotherapy. Lymphedema may occur 
following vascular surgery in the groin (femoro
popliteal reconstructions, operative management 
of vein incompetence). Secondary leg edema very 
soon results in serious fibrotic reactions, so that 
early reconstruction must be considered. Prior to 
exploration, however, phlebography should be 
performed for the purpose of documenting the 
deep vein branches available for the lymphatic
venous anastomosis. This is necessary because the 
greater saphenous vein may be absent - especially 
following lymph node dissection in the groin - and 
therefore unavailable for the anastomosis. 
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A lymph nodal-venous anastomosis may also be 
considered following abdominal lymph node dis
section. 

Indications for operation: 

- Early secondary lymphedema, without collater
als (technetium lymph node scintigraphy) 

- Late edema, where an excisional operation is 
being considered 

Contraindications: 

- Secondary lymphedema, with concomitant ve
nous obstruction 

Fig. 29.2.1. Positioning of the patient for upper-arm 
lymph vessel exposure: transverse incision on the medial 
upper arm 
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Fig. 29.2.2. Positioning of the patient for exposure of 
(a) inguinal lymphatics, (b) deep iliac lymphatics 
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B. Positioning 

Reconstructive procedures on the lymphatics are 
performed with the patient in a supine position. 

I. Arm Lymphedema 

The exploration is made under intubation anesthe
sia or brachial plexus anesthesia. The diseased arm 
is placed on an arm table at a right angle to the 
body (Fig. 29.2.1). The elbow is slightly rotated 
outward. The upper arm is supported by a small 
cushion placed underneath it to provide good ac
cess to the lymph vessels passing subcutaneously, 
parallel to the brachial artery. 

During the entire procedure, the surgeon sits 
at the medial side of the arm. 

II. Leg Lymphedema 

The operation is performed under epidural or intu
bation anesthesia. The patient is placed on an ex
tension device or a standard operating table. In 
the first case, the surgeon sits between the patient's 
legs, which, according to our own experience, is 
a bad position, because the surgeon's lower arm 
inevitably has to be supported. When the patient 
is placed on a standard operating table, the soft 
tissue of the medial thigh is rotated outward by 
the placement of cushions. The surgeon sits on 
the ipsilateral side, at the hip joint. This position
ing is also suitable for deep iliac exposure 
(Fig. 29.2.2). 

C. Operative Approach 

I. Arm Lymphedema 

Exposure of the lymphatics is achieved through 
a transverse incision. The incision is usually placed 
15 cm cranial to the medial epicondyle of the hu
merus, over the deep vessel sheath, and has a 
length of about 10 cm. The length of the skin inci
sion depends upon the thickness of the edematous 
skin and subcutaneous tissue and is adapted to 
the local situation (Fig. 29.2.1). 

It is advisable to perform the skin incision 
under the microscope because dilated lymph ves
sels are sometimes located close to the surface [5]. 
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D. Leg Lymphedema 

!n the groin several incisions are possible, depend-
109 on the cause of the lymphedema. 

- Following lymph node dissection of the groin: 
the incision is made distal to the incision of the 
previous operation. A transverse incision over 
the course of the (ligated) greater saphenous 
vein (15 cm) is sufficient to expose the lymphat
ics passing parallel to the vein. 

- Following abdominal lymph node dissection of 
the groin: the incision is made either transverse
ly at the level of the inguinal fold or obliquely 
[2] to achieve good exposure of the deep iliac 
lymphatics. 

- Following groin irradiation: the obstructed lym
phatics should be dissected distal to the irradiat
ed area. The incision is made transversely again 
over a length of about 15 em. 

- Following trauma: one should never be tempted 
to expose the lymphatics through the previous 
wound. Only a few fibrotic bands will be found 
within the previous wound area. Also with this 
indication, a distal incision (transverse) should 
be performed. 

In all the cases described, sharp dissection using 
a knife is possible down to the level of Scarpa's 
fascia. The draining lymphatics are always located 
below this level. 

D. Technique of Dissection 

I. Upper Arm Lymphatics 

Following the skin incision, the entire dissection 
should be performed under the microscope. Usual
ly x 10 magnification is sufficient to maintain ex
posure and to work atraumatically. Dissection is 
most quickly performed between the subcutaneous 
fat deposits, without division (splitting). The inter
stitial connective tissue bands are used to ap
proach the microvascular structures. Each struc
ture passing subcutaneously (nerve, vein, artery, 
and lymphatic) is dissected separately to preserve 
existing lymphatic collaterals. Small subcutaneous 
arteries and veins are, of course, easily recognized. 
Small vein branches are carefully preserved for 
later end-to-end anastomosis. Tapes are placed 
around the larger branches for a possible end-to-

side procedure. Draining lymphatics can also be 
visualized without the aid of a dye by the small 
vasa vasorum located in the wall of the lymphatics. 
They are clearly visible against the bright contents 
of the lymphatics. Furthermore, the organization 
of the lymphatics, consisting of small pump units 
(lymphangiones), may be distingished following 
cutaneous compression. 

The lymphatic valves are usually located at a 
distance of 3 mm from each other and are some
times visible [2]. Usually the lymph vessel under
goes a spasm during dissection, even when the dis
section is carried out according to microsurgical 
principles, i.e., without touching the lymphatics 
themselves. Papaverine (50 mg/ml) may be benefi
cial. A good rule to follow is to touch the lymphat
ics only indirectly and only to put traction on them 
by using the surrounding tissue. Following dissec
tion of the dilated lymphatics and veins on the 
superficial fascia, the anastomosis may be per
formed. 

D. Leg Lymphatics 

The incision in the groin or in the thigh is made 
sharply, down to Scarpa's fascia. The fascia is then 
incised under the microscope. The greater saphen
ous vein is carefully dissected, and a tape is placed 
around it. If the greater saphenous vein is absent 
or ligated proximally (blockade in the groin), a 
small incision into the deep fascia should be made, 
followed by exposure of several branches of the 
deep venous system. Anatomically, the lymphatics 
always pass in the direct vicinity of the greater 
saphenous vein, mostly in three pairs. The dilated 
lymphatics are carefully exposed over a short dis
tance, and tapes are placed around them. When 
considering a lymph nodal-venous anastomosis a 
lymph node, with the afferent lymphatics, sho~ld 
be exposed and isolated. Following exposure of 
a sufficient number of lymphatics (two or three) 
and of the greater saphenous vein, or a comparable 
number of other veins, the anastomosis may be 
performed. 

E. Anastomotic Technique 

I. Lymph Nodal-Venous Anastomosis (patch) 

Among the lymph nodal-venous shunts, only the 
patch technique is effective. The risk that the anas-
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Fig. 29.2.3. Technique of lymph nodal-venous anasto
mosis: patch technique; suturing of the distal lymph no
dal capsule (patch) to the vein, preserving the afferent 
lymphatics (in case of blockage in the pelvic region) 

tomosis will become fibrotic is much smaller with 
this technique than with the conventional tech
nique of suturing half of a lymph node into the 
vein. 

Following dissection of an appropriate lymph 
node with its afferent vessels, the capsule is dis
sected off the underlying nodal tissue (sinus) at 
the entrance of the afferent lymphatics. In this 
manner, a rhomboid segment (window) of the cap
sule is removed. When inspecting the inner side, 
the ostia of the lymphatics should be clearly visi
ble. The remaining nodal tissue is closed by suture 
ligation (if necessary, this half can also be anasto
mosed). Following local heparinization, the vein 
is cross-clamped with two vascular clamps. Be
tween them, a venotomy is performed. The length 
of the venotomy is matched to the patch (about 
1 cm). The patch is sutured in classic fashion using 
a 7-0 Prolene continuous suture. Mter the anasto
mosis has been completed, the clamps are re
moved. Usually, a good flow of lymph fluid in 
the direction of the greater saphenous vein is visi
ble. The subcutaneous tissue and the skin are 
closed afterward (Fig. 29.2.3). 

II. Lympbatic-Venous Anastomosis 

1. End-to-End Technique 

End-to-end lymphatic venous shunts usually show 
a longer patency than any other type. The vessels 
that are dissected free for the end-to-end anasto
mosis . should be approximated without traction. 

L. NIEUBORG 

Any unnecessary tension on the microsuture in
creases the risk of obstruction. The proximal side 
of the lymphatic is coagulated with bipolar elec
trodes; in order to avoid unnecessary damage by 
the clamps, the distal efferent segment is not cross
clamped during this procedure. Thus, a free flow 
of lymph fluid is provided. The vein is cross
clamped with a microclamp. The lumen is flushed 
with heparinized electrolyte solution to remove 
small thrombi. Prior to the anastomosis, the lumen 
of the lymphatic is dilated somewhat. 

The end-to-end anastomosis is performed using 
10-0 to 12-0 monofilament interrupted sutures. 
The first two sutures are placed as corner sutures, 
approximately 1800 from each other. The wall of 
the lymphatic should be touched as little as possi
ble with the microforceps in order to avoid damag
ing the intima. The anastomosis is completed by 
four additional sutures. Following removal of the 
clamp on the venous side, a good flow of lymph 
fluid should be visible within the vein. Other anas
tomoses are performed in the same way. Mter
ward, only the skin is closed to avoid compression 
by subcutaneous tissue in the immediate postoper
ative phase. For the same reason, no drains are 
placed (Fig. 29.2.4). 

Fig. 29.2.4. Lymphatic-venous shunt. Type 1: end-to
end, with 10-0 sutures 

2. End-to-Side Technique 

End-to-side anastomoses are required when the 
vein caliber in the operative field is much greater 
than the diameter of the appropriate lymphatic. 
Following exposure and cross-clamping, a small 
orifice is created in the wall of the selected vein. 
An injection needle is best for perforating the vein 
wall. Through the same ostium, the vein may be 
flushed with heparinized solution. Proximally and 
distally, a suture (10-0) is placed through the os
tium. Then, both sutures are passed through the 
lymphatic to be anastomosed and are tied. That 
is how the corner sutures are placed. At this mo
ment one should carefully determine whether the 
anterior as well as the posterior wall of the lym
phatic and the vein have erroneously been sutured 
together. If this is not the case, the anastomosis 
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Fig. 29.2.5. Lymphatic-venous shunt. Type II : end-to
side, with 10-0 sutures 

may be completed by additional sutures through 
the anterior and posterior wall of the lymphatic 
and the vein. Following completion of the anasto
mosis, a good flow in the direction of the vein 
should be visible. The other lymphatics available 
(donor lymphatics) may be sutured to the vein in 
the same way (Fig. 29.2.5). Following removal of 
the vein clamps, the skin is closed. 

3. Pull-Through Technique 

The pull-through technique is a variant of the end
to-side anastomosis. The vein is prepared in the 
same way. The lymphatics, however, are not su
tured to the vein but inserted so that one segment 
is located in the lumen of the vein. The lymphatics 
can then be fixed by rnicrosutures. According to 
some authors (JACOBS, DEGNI) the extreme end of 
the lymphatics functions like a valve. In routine 
practice, however, the risk of thrombosis is very 
high; consequently, this technique is suitable only 
in the groin, when the greater saphenous vein can 
be used (Fig. 29.2.6) [3,4]. 

Fig. 29.2.6. Lymphatic-venous shunt. Type III: pull
through technique, fixation by single suture (DEGNI) or 
without suture material (JACOBS) 

F. Postoperative Complications 

The most serious postoperative complication fol
lowing lymphatic-vein surgery is early shunt occlu
sion (2%-4%) which may occur by venous retro
grade flow through the anastomosis. 

This can be avoided by strict observation of 
the indication, i.e., no lymphatic-vein procedures 
in patients presenting with a regionally increased 
venous pressure from occlusion of the vein system. 
Postoperatively (second day), a Lymphapress ap
paratus may be applied (pressure 60 mmHg), for 
two 4-h periods per day. This provides continuous 
flow from the lymphatics to the veins during this 
critical period. 
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The cause of secondary lymphedema is often a 
localized interruption of the lymph flow by trau
matic or iatrogenic destruction of lymph collectors 
or lymph node groups. Restoration of passage by 
interposition of autogenous lymph collectors rep
resents a true reconstruction, in contrast to ex
cisional and draining procedures such as lymphat
ic-venous anastomosis [1, 2, 3, 4]. For rehabilita
tion, however, the extent of secondary changes 
caused by the lymphedema is of great importance. 

A. Indications 

Lymphatic grafting is a method of restoring locally 
blocked lymph flow. The most frequent indication 
is arm edema reSUlting from axillary lymph node 
removal and radiotherapy in women who have un
dergone a mastectomy. Blockage caused by iso
lated trauma or operative intervention at narrow 
sites of the lymph system, such as the root of the 

extremities and often on the inside of the knee, 
may also be treated by lymph vessel transplanta
tion. 

In cases of primary lymphedema, segmental 
atresia of the lymphatic system, like unilateral 
atresia in the pelvis, can be treated by means of 
a lymphatic crossover bypass over the symphysis . 

A direct reconstruction of the destroyed lymph 
vessels should be attempted after an appropriate 
lymphatic transport deficit has been objectively 
diagnosed. 

As a matter of routine, prior to any operative 
intervention, thoroughgoing conservative treat
ment should be tried first. If the edema improves 
for only a short time or recurs after the treatment 
has ceased, one should not delay the decision to 
operate because the accumulation of secondary 
changes may impair the result. In contrast to ex
cision procedures, therefore, one should not wait 
until a massive increase of edema is noticed. Im
provements in the methods for quantifying trans
port capacity would make it possible to select pa
tients for reconstructive procedures before they 
present with the obvious clinical symptoms oflym
phedema. 

B. Preoperative Evaluation, Positioning, 
Perioperative Measures 

For the most part, we deal with secondary lymphe
dema resulting from cancer. First of all, therefore, 
local recurrence or metastases must be excluded. 

Preoperative scintigraphy of the edematous ex
tremity confirms the diagnosis and allows semi
quantitative determination of the reduction in 
transport capacity. In any case, normal lymph flow 
must be demonstrated in the donor leg in order 
to preclude the possibility of removing lymphatics 
in a latent edema phase. In this way, swelling fol
lowing removal of lymph collectors may be 
avoided almost completely. 
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The patient is placed on the operating table, 
preferably on a heating cushion, and covered with 
a gold foil. In upper extremity edema, the arm 
is placed on a hand table. The head is turned to 
the contralateral side, thus exposing the lateral tri
angle of the neck. 

Following closure of the wound an elastic ban
dage is applied to the edematous extremity as well 
as to the donor leg, and both limbs are elevated. 

Perioperative antibiotic prophylaxis is usually 
performed. Postoperatively, low molecular weight 
Dextran is infused for 5-8 days. 

c. Technique of Lymph Vessel 
Transplantation 

I. Harvesting of Donor Lymphatics (Fig. 29.3.1) 

Just prior to the procedure, Patent Blue is injected 
subcutaneously and intradermally in the first and 
second interdigital space of the donor leg. Injec
tion of dye in the edematous extremity is carried 
out only in rare cases of localized edema, because 
usually the dye will not be transported upward 
in sufficient quantity to become visible. 

The dissection may be carried out under a mag
nifying glass. Only for the final exposure of the 
graft ends and invisible lymphatic segments is a 
microscope required. For harvesting of donor lym
phatics, the incision is made just medial to the 
femoral artery, which is palpated. Here, in the 
space lateral to the greater saphenous vein, the 
dyed lymphatics are exposed. The incision is 
lengthened caudally a little at a time, according 
to the course of the lymph collectors. The collec
tors are dissected until one approaches the next 
lymphatic isthmus, i.e., the region of the knee. 

When harvesting, a small portion of fatty and 
connective tissue remains attached to the lymphat
ics to avoid exsiccation and to achieve greater me
chanical stability. Only the ends to be anasto
mosed are cleaned of adventitial tissue. A stay su
ture of size 10-0 or 11-0 can be used to distingish 
between the anterior and posterior wall while an
astomosing. Any small lymphatic end that is not 
to be used is ligated. The beginning of the graft 
is fixed by a knot to enable its passing through 
a Redon drain, which serves as an interim protec
tion. 
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Fig. 29.3.1. Harvesting of donor lymphatics from the 
ventromedial bundle of the thigh, lateral to the greater 
saphenous vein 

At the site of harvesting, two drains are placed 
prior to wound closure, which is done with vertical 
mattress sutures. 

II. Lymph Vessel Transplantation 
in the Upper Extremity (Fig. 29.3.2) 

In cases of upper extremity edema, the superficial 
and usually the deep lymphatics are exposed 
through a longitudinal incision in the proximal up
per arm, over the neurovascular bundle. Addition
ally, the cephalic neurovascular bundle may be iso
lated through an incision over the cephalic vein. 
It is often difficult to differentiate sclerotic lym
phatics from small nerves or connective tissue 
bands. Sometimes, diagnosis is possible only after 
an exploratory incision. 
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Fig. 29.3.2a--e. Incisions and tunneling of the graft bed 
for lymph vessel transplantation in edema following 
mastectomy. a Pulling two lymphatic grafts through the 
Redon tunnel. b An epifascial and subfascial ascending 
lymph vessel is dissected, and the corresponding graft 
ends are brought into position. c Cervical anastomotic 
site: the sternocleidomastoid muscle is incised; lympho
lymphatic end-to-end anastomosis to the deep neck col
lectors 

The dissections are carried out under the micro
scope. For the anastomosis, a magnification up 
to x 40 should be used. 

In the region of the neck, the incision is made 
on the lateral margin of the sternocleidomastoid 
muscle, just above the clavicle. Severing the muscle 
medially, or incising the muscle, exposes the lateral 
wall of the internal jugular vein. In this area, the 
lymph collectors that are suitable for anastomosis 
are dissected in the fatty tissue, despite their thin 
walls. 

The grafts are placed in the subcutaneous tis
sue. IIi. order to protect them during the pull-

R.O.H. BAUMEISTER 

Fig. 29.3.3a-d. Schematic drawing of traction-free anas
tomotic technique for end-to-end lymphatic suture. 
a Corner suture. b Suture of the posterior wall with 
interrupted sutures; the lymphatic does not have to be 
turned by pulling on the corner suture. c Second corner 
suture. d Closure of the anterior wall 

through, a tunnel from the upper arm to the neck 
is created by a thick Redon drain. Care must be 
taken not to injure the cephalic vein; therefore, 
the Redon drain is passed through as far medially 
as possible. The collectors are then pulled through 
this tubing, and the Redon tubing is removed. 
Thus, the collectors finally course freely in the sub
cutaneous tissue. 

Usually, end-to-end anastomoses are per
formed. In order to avoid lacerations of the fragile 
lymphatic wall, a so-called traction-free anasto
motic technique is used (Fig. 29.3.3). With this 
procedure, the vessel does not have to be rotated 
by lateral stay sutures in order to bring the anteri
or or posterior wall around to face the surgeon. 

In this special anastomotic technique, the lym
phatics that are approximated for the anastomosis 
remain in situ throughout the entire anastomotic 
procedure. First, the corner suture located oppo
site the surgeon is tied. For the suture of the poste
rior wall with interrupted sutures, the lymphatic 
is drawn up far enough to provide sufficient space 
to pass the needle. After the second corner suture 
is knotted, the anterior wall is closed with inter
rupted sutures. Each of the two walls, the anterior 
and the posterior, requires 2-4 sutures. 

Absorbable suture material is superior to non
absorbable material. The size of the suture is from 
10-0 to 12-0, the size of the needle, BV 6-8. 

Cross-clamping of the lymphatics should be 
avoided so as not to cause additional trauma. 
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Fig. 29.3.4. Lymphatic grafting across the symphysis, 
pedicled on the donor side, in unilateral lymphedema 
of the lower extremity 

m. Lymph Vessel Transplantation in the 
Lower Extremity (Fig. 29.3.4) 

In cases of unilateral edema of the lower extremity 
due to blockage within the groin or the pelvis, 
the lymphatics of the contralateral thigh are used. 
They are dissected as indicated in Sect. c.r. How
ever, they remain pedicled to the inguinal lymph 
nodes of the donor side. Using Redon tubing, a 
tunnel is created over the symphysis to an incision 
distal to the groin in the edematous extremity. 
Through this tubing the lymphatics are passed, 
to be finally anastomosed to the ascending lym
phatics. 
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IV. Direct Lymphatic Reconstruction 
and Lymphatic Grafting 
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In case of fresh, regionally limited lymphedemas, 
resulting from local blockage of the outflow, the 
lymphatics distal to the site of the blockage can 
be exposed. They are mobilized and may, under 
certain circumstances, be anastomosed, without 
lymphatic graft interposition, to the deep or adja
cent epifascial lymphatics, which lie in regions of 
free flow. If this is not possible, short grafts are 
used. 
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