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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 Blutgefifie und des Herzens” is one of the
most impressive and visionary documentaries ever written in vascular surgery.

The editors next turn 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 accounts 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 modern 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.

Davip 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. 1. 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. 1. 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. Lo#R, Hamburg,
for preparing the index.

Finally, we appreciate the transiation 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.



X1I 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.AM. 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-
owsKyY 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. ALEX1s 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.AM. 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 Médicale 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-
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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 MonNiz 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 Oupor. A pre-
served bifurcation from an accident victim was
transplanted. OUuDOT 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.

More favorable results have been achieved in
recent years using homologous vein grafts in the
form of preserved umbilical veins. In 1973, HERr-
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 0° and 20° 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 Sautor (1952) and
Kmoto (1954) to overcome the species-specific
characteristics of such animal vessels were disap-
pointing.

In 1956 NORMAN ROSENRERG 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 SEeGE
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(1975) 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 TurFIER (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 DoNOvVAN 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 TAPP’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-
lon 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-
GY1, HEBERER, COOLEY, SAUVAGE, and many others

R.J.AM. 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
GovANES, 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



1 History of Vascular Surgery

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 K6nigsberg 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 fiir 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 Sousso-
TITCH, a surgeon from Belgrade who served as a
military physician in the Serbian army during the
Balkan War.

By 1917, according to WARTHMULLER 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.
WEGLOWSKI1 was one of the very few surgeons who
continued to amass experience. During the First
World War he used autografts 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 fiir 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
ScorT, 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 KunNLIN. His method of
anastomosis has remained a standard technique
to this day. KuniLiN, who had knowledge of
JEGER’s book [14], got the idea of bridging an obli-
terated arterial segment after JEAN Cip Dos SaAN-
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 thit the vessel was relatively normal



Fig. 1.3. JEaAN 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 Cp 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 Cp 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
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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 SumMizU 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 Ky (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, KeEy (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, Krass 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.
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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 of the subcu-
taneous tissue, platysma, and anterior cervical fas-
cia, the internal jugular vein is usually exposed
first 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 lat-
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 should
watch out for the superior laryngeal nerve running
dorsal to the carotid body.

The branching sequence of the external carotid
artery varies greatly. Only the superior thyroid ar-
tery, which branches off 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 off 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 exposure of cervical
vessels. The level at which the carotid bifurcation

< Fig. 2.1.1. Carotid triangle. View following resection of
the platysma and anterior cervical fascia 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 off the
following branches along a 3-cm-long segment:
the vertebral artery and the thyrocervical trunk
upward toward the head, the internal mammary
(thoracic) artery, and the costocervical trunk in
a downward direction (Fig.2.1.2b). 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. 2.1.2¢). 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 sympathetic
ganglion usually lies just above the thyreocervical
trunk, and the inferior cervical sympathetic gangli-
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.2.1.2¢ and special
lymphatic vessel anatomy).
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Sternocleidomastoid m.

Superficial ansa cervicalis

Great auricular n.
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Descending cervical branches

Common carotid a.

Anterior branches of the third cervical spinal n.

Anterior branches of the fourth cervical spinal n.

Longus capitis m.
Middle scalene m.
Phrenic n.

Ascending cervical a.

Middle cervical sympathetic ganglion

Omohyoid m.

Anterior branch of the fourth cervical spinal n.

Inferior thyroid a.

Inferior cervical sympathetic ganglion

Vertebral a.
Subclavian a.

Transverse scapular a. and v.

Internal jugular v.

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

Fig. 2.1.2a—c. Sternocleidomastoid 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).
¢ 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.



2.1 Surgical Anatomy of the Arteries

15

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. ¢ Upper mediastinum
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IL. 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. 2.1.3b). 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
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(Fig. 2.1.3¢). 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
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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-
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ic arteries in almost 10%, three in 7%, and four
in 3% of patients.

II. 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 hepatoduodenal ligament, 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 ¢m 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-long 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-cm-long 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 hepatoduodenal ligament. 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.

<1 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. 2.1.7a). 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. 2.1.9. Superficial (a) and deep (b) dissection of the palm
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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.

III. 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. 2.1.92a). 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 tabatiére 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. 2.1.9D).

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 consuit the refer-
ences at the end of this chapter [6, 8].
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G. Vessels of the Pelvic Region
and the Lower Extremity

1. Iliac 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 commeon 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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Fig. 2.1.10. Schematic representation of vessels in the
pelvic and thigh regions

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. 2.1.11b).

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
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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¢). The com-
monest variations, especially in the origin of the
circumflex arteries, are shown as described by
VaAs in order of their frequency from left to right
(Fig. 2.1.11d-g).
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Fig. 2.1.11 3—g. Schematic representation of the branches
of the femoral 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. ¢—g Variations in the
order of vessels arising from the femoral bifurcation ac-
cording to their frequency (as described by F. VAas [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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III. 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.



2.1 Surgical Anatomy of the Arteries

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].
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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
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.

Fig. 2.1.14. Lateral view of the lower leg
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Fig. 2.1.15a, 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. GUONTHER 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).

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 cm above the plantar surface of the
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foot and Boyd’s veins 25 cm above. Dodd’s or
Hunter’s group is situated at the level of the vas-
toadductor membrane.
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A. General Remarks

The anatomy of the lymphatic system is of interest
mainly because of its function as a drainage net-
work.

Fig. 2.3.1. Lymphatic drainage of the skin

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.

Lymphatic skin zone
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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].

B. Anatomy

1. Lymph Vessels of the Lower Extremity

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

33

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].

Schematically, the lymph vessels of the lower
limb can be subdivided into superficial and deep
lymphatic networks.
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_______ Additional lymph vessels
with abundant vessel type

------------- Long type of lateral (cephalic) bundle

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.

¢) 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 dt 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].

. 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. 2.3.3b). 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.

HI. 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.

V1. 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

R.G.H. Baumeister
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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. ¢ Separate entry of the tributaries near
the right venous angle
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A. Introdaction

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 hand P2 == R X Q
P, — P,=Pressure gradient before
and after the perfusion €))

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=811><L
XTIy

@)

n="blood viscosity; L=length of vessel, r=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 v; —v,.

AP=k x Jé- x (v —,)>. 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

Ry <R, C))

R, =partial resistance of the aorta and large
arteries

R, =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

L. Sunder-Plassmann

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

Rart > Rper M (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

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 (4P,,,) 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 (4P,,,) so that flow
pressure at the arterial level
is not adequate for microcir-
culatory regulation



3 Hemodynamic Aspects in Vascular Surgery

Fig. 3.2. Changes of flow re-
sistances within the lower
extremity due to obstruction
of the superficial femoral ar-
tery. The total resistance
(Rp) which the blood must
overcome to reach the calf
muscles is the sum of the
collateral resistance (Rcg)
and peripheral calf resis-
tance (Rcw). If the forma-
tion of collaterals is poor,
Rcg may become the most
important obstacle (Res>
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. 78ff. Hemodyn-
amically, they both aim at reducing resistance
(R, 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 (R)), collateral cir-
culation (Rg+ R(), and calf (Ry) add up to a total
resistance, because they are connected in series

Riy;;=Ri+ R+ Rc+ Ry (6)

The Hagen — Poiscuille 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:

_8yx L

sten TXFy

(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 R;is reduced by thromboendarter-
ectomy and Ry 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. 73ff). 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 seildom 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 ali
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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cular 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 resuits from a
combination of the following forces:

1. Frictional resistance
R 8y x L

X,

ten = (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 (AP=K x { x v?).

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 Poiseuilie’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].

U1U2=(r2/rx)2~ )

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 (v, —v,)

APzgxp x (v, —0,)?

> (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 («) between bypass
graft and parent artery, and the quotient of the
radius of curvature (r,) and the prosthetic diame-
ter (rp).

AP~oxrfr, )

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°.

II. 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 (r,) remains constant causes fric-
tional resistance to increase as the transverse radi-
us (r,) decreases.

_ no_rixri
Q—APXEX;EX—I_E. (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 cm) 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 cm to 0.5 cm, flow resistance increases
by a factor of 4.4 (after STRANDNESS and SUMNER [12])

III. 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 r,/r; =0.884, and then
the quotient of the diameters is 2 4,/4; =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 4,=4,), ie., the ratio r,/r, =0.707. Finally,
if maximal transmission of pulsatile energy is nec-
essary, so that reflection of pulsatile waves is
avoided, the inflow impedance (Z,) should be
equal to the impedance of both tubes (Z,); but
this is only achieved if the ratio of both radii r,/
r,=0.758 (Fig. 3.4).

The customary bifurcation prostheses with r,/
r,=0.5 and 2 A4,/4,=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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Fig. 3.4a—d. 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 4, and both
diameters of the legs of the prosthesis 4, must be equal
(A;=2 A4,). In such a case the ratio r,/r, =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: r,/r;=0,884 and 2 4,/4,=
1.414. b If the inflow impedances Z,/Z, are equal, the
ratio r,/r; =0.758 (a). Thus, the dimensions of the pros-
theses commonly available (d), with the arbitrarily cho-
sen ratio r,/r; =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 (¢)

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 r,/r;=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 (Ry) as well as the resistance
of the calf (Ryw)

(Ryes= R+ Ry). (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 I11-1V).

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.
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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 inclide 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
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Fig. 4.1a, 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 4.1a, 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

Fig. 4.3a—c. Scissors for vascular dissection (a) and for
arteriotomy (b, ¢)
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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. 4.3a). A model with a counter curve
may be of advantage in a deep operative field.
Scissors with various angles (Fig. 4.3b, ¢) are used
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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. 4.4b). 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.

Fig. 4.5a—g. Common types of vascular clamps with var-
ious branches and handles
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Fig. 4.6a-d. Atraumatic bulldog clamps with various
clamping mechanisms
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Fig. 4.7 a-e. Instruments for open and semiclosed throm-
boendarterectomy

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. 4.6¢), 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. 4.8a) may
be used as dilators (Fig. 4.8b), for intraoperative
intraluminal control of anastomoses (Fig. 4.8¢) or
as a guide when suturing a small defect in a vessel
wall or a graft (Fig. 4.8d). They may also be used
for intraluminal occlusion (see p. 55).

Balloon-tipped catheters (Fig. 4.9a) 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.

Fig. 4.9a, b. Catheters for indirect thrombectomy and
embolectomy
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Amnong 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 areca 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. 4.11a), or partially outside the
vessel, forming a circle (Fig. 4.11b) or an omega
loop (Fig. 4.11¢), 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. 4.12¢).
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.

Fig. 4.10. Form and jaw profile of a vascular needle holder
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Fig. 4.11 a—c. Intraluminal shunts

Fig. 4.12a—c. Methods of shunt fixation

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 resuiting 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 development 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 aiready 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 !/, mm

Vascular region Suture diameter

USP Ph. Eur.
Thoracic aorta 30 2
Abdominal aorta, aortic branches 40 1.5
Iliac artery 50 1
Femoral artery, brachial artery 60 0.7
Carotid bifurcation, renal 7-0 0.5

artery, visceral artery, lower
extremity artery, forearm artery
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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

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

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

Fig. 4.22. Correct and wrong technique for cross-clamp-
ing a partially arteriosclerotic vessel

Fig. 4.23. Technique of occluding the blood flow by a
combination 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)
in 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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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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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. 4.25a). 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. 4.25b).

H. Suture Techniques

1. 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. 4.26¢). 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. 4.26¢).

5. Noneverting, transluminal 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
is difficult.

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

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 (¢)

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. 4.30¢).

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—. 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. 4.31a).

When using autologous venous material the ad-
ventitia of the vein may be dragged into the suture
hole (Fig. 4.31b). 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—. Correct (a, ¢) 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 wusing the closed forceps
(Fig. 4.33b). 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. 4.33¢).

Fig. 4.31a, b. Potential hazard to (a) artery and (b) vein
placing a suture from the outside in
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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. 4.34b). If the 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.
4.36b) 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. 4.36¢), or by making a wedge-shaped inci-
sion at the end of the smaller segment (Fig. 4.36d).

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
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
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, portosystemic anastomoses, and some-
times dialysis shunts. The advantage of this tech-
nique is that luminal incongruities are not impor-

Fig. 4.38. “ Clamp rotation” technique

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.

L. 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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<1 Fig. 4.40. Technique of end-to-side anastomosis with
everting continuous over-and-over suture of the posteri-
or wall
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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. 4.41b).
The shape of the patch should be longitudinal —
oval with the ends either bluntly rounded
(Fig. 4.42a) or angled (Fig. 4.42b). If the end of
the patch is pointed, the purse-string effect may
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Fig. 4.42a—c. Correct (a, b) and incorrect (c) preparation
of the end of the patch
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cause constriction of the vessel (Fig. 4.42¢). 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 maileolus, (Fig. 4.43a)
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
vein, or the cephalic vein.

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
aliowing placement of a “vessel ioop.” During the
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. 4.43b), 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-
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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. 4.44b). The con-
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Fig. 4.44a—c. Venous patch graft technique
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tinuous suture is brought around the proximal
corner to the middle of the arteriotomy on the
surgeon’s side. A second continuous suture starts
from the distal corner 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 corner 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 corners 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. 4.45b). 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. 4.45¢).
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 corner 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

Fig. 4.48. Parameters for hemodynamiclly favorable end-
to-side anastomosis

a \__d,/ s b \ _/

Fig. 4.49a, b. Correct (a) and incorrect (b) preparation
at the site of graft insertion

Fig. 4.50a, b. 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. 4.50D). 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. 4.51a). 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. 4.51b).

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. 4.51a). Often simple dissection
of the strangulating adventitia is sufficient to free
the stenosis. Otherwise, a patch angioplasty has
to be performed (Fig. 4.51b).

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
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Fig. 4.51a, b. Stenosis of the anastomosis by constriction = anastomosis”’)
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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
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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 — CaCl —
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.

¢) 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, 15, 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 U-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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A. Basic Principles

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 perioperative 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.

1. Disobliteration

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 cm 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 paraliel
to the axis of the vessel in order to prevent mechanical
injury and tearing at the corners 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 “Rififimethod.”

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-off 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 areurysmal 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
different 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 aglternative 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 profun-
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da femoris artery instead of performing a time-
consuming patch graft angioplasty.

b) Direct Disobliteration with Patch Angioplasty.
Originally, 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
wall. Today, it is a prophylactic measure to prevent
stricture during 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
synthetic material, an increased susceptibility to
infection, 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.
The correct width of an autogenous vein patch
is difficult 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 ankie) and various specially
developed synthetic graft materials (see p. 78).

¢) Indirect Semiclosed Endarterectomy. Indication:
Open disobliteration with patch angioplasty in
long occluded segments of the femoral artery was
abandoned in favor of the semiclosed technique
of disobliteration, 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 performed 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-
tion can usually be performed without patch an-
gioplasty. 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
incisions 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
the vascular wall are the main causes of complica-
tions. A meticulous operative technique, constant
control by palpaticn, 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
and 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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II. 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 fechnical 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 poststenotic 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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10. 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.

IT1. 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 irlay 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-
inal lumen 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.



5 Vascular Reconstruction

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
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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-
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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 of length-
ening or widening vein grafts, ¢.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

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.

(%)

¢) 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.

II1. 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 modern 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 modern
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 1s 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 periopera-
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. Peripros-
thetic 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.

¢) 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 puise. 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 modern 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 HARH [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.

I1. 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.

1I1. Instruments (Fig. 6.2a)

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 g/mm? 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
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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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v, J

a b c d

Fig. 6.2a—j. Basic microsurgical instruments. a—¢ 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 pm thick). Sutures
12 x 0 in size (about 10 um thick with metal-coated
points; O’BRrIEN 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-

needles from the Ethicon Company). For a better
grasp by the needle holder, modern needies are
flattened over their posterior third. Some surgeons
prefer sharpened needle points.

C. Microsuture Techniques

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 cm 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 cm. 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.

I1. End-to-end Anastomosis (Fig. 6.3 a—)

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. 6.3b). 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. 6.3¢). 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 120° (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. 6.3g). 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. 6.3h). 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. 6.31).

III. 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 180° from each
other at both corners of the incision (Fig. 6.4b).
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-)

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. 6.5a—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. 6.6¢)

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, ¢ 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. Anastornosis 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 microvenous 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-
ly obstructed.

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:
Equivalent diameter

Correct length of graft

Removal of periadventitial tissue

Exact ligation of tributaries

No angulation of arterialized vein grafts

nhwh =

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 twisting and narrowing of
the vein graft. In conjunction with the acute angle
at the anastomosis, thrombosis may occur at this
site.

V. Lymphatic 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-<)

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. 6.7a). 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

Traumatic suture technique

Catching the back wall

Inverted adventitia

Anastomosis under tension

Connection of a vein to an artery

Unintended suturing and fixation of valves in
the veins

8. A nearby tributary (formation of turbulence)

Nownbkwh

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 1s 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 resuits 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).

I1. 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.

HI. 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

H. RIEGER and W. ScHOOP

CONTENTS
A. Introduction . . . . . . . . 99
B. Preoperative Management . . e . 99
I. Improvement of Local Operatlng
Conditions . . . . . . . . . . . . .. 99
IT. Improvement of General Operating
Conditions . . . . . . . . . . . . .. 100
C. Postoperative Management . . . . . . . . . 104
I. Postoperative Mobilization . . . . . . . 104
II. Positioning . . e e e e e 104
III. Treatment of Necr051s C e e e e 104
IV. Prophylaxis of Pneumonia and
Thrombosis. . . . . . . . . . . ... 104
V. Rehabilitation. . . . . . . . . . . .. 104
References. . . . . . . . . . . . . . . ... 105

A. Introduction

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,

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-
ter, just as much as the former, are essential factors
in successful therapy.

B. Preoperative Management

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 perioperative 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 (pseudoaneurysm), 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, if possi-
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
thrombophiebitis) 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 Points

Case history

Older than 70 5

Myocardial infarction within the last 10
6 months

Medical examination

Gallop rhythm, prominent jugular veins 12

Stenosis of the aortic valve 3

Electrocardiogram

All types of rhythm except sinus rhythm 7

5 or more premature beats per minute 7

General condition
PO, 60 mmHg or PCO, 50 mm Hg 3
K* 3 mmol/l or HCO; 20 mmol/l
Urea nitrogen 50 mg % or
creatinine 3 mg %
SGOT increase or liver diseases

Vascular surgery planned

Intraperitoneal, intrathoracic, aortic 3
Emergency operation 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 (TTIA) or cerebrovascular
accident (CVA). 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 CVA.
The incidence of TIAs or CVAs 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
CVAs, 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 CVA, the
presumed stenosis of the carotid artery should be
eliminated before other vascular procedures are
performed.
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Stages IIT and IV. Patients with a CVA 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 difficuit 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 perioperatively 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 11 diabetes) therapy is discontinued on the
day of the operation and giucose levels are con-
stantly monitored. Corrections may be achieved
by 5% glucose solutions given intravenously or
by an adequate dose of regular insulin (levels
>250mg %). In insulin dependent patients
(especially in type I diabetes) total discontinuation
of insulin substitution is not advisable because a
basic requirement of about 1 wunit/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% giucose 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 difficuit 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-
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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 should be checked.

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

— The partial thromboplastin time to evaluate the
function of the endogenous coagulation system
(factors XII, X1, IX, VIIIL, X, V, I, 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

Lack of fibrinogen

4. Prolongation of the thrombin time under he-
parin

w

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

1. 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
18 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.

I1. 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.

III. 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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A. Fundamentals

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 Maximum time limit

Time criteria
Finger
Lower leg, forearm

A few days (weeks)
A few weeks

Knee, thigh, upper arm 2-4 months
Pelvis 6 months and older
Abdominal aorta Years

Radiologic criteria

Parts of the thrombus sur-
rounded by contrast medium

Blurred, cloudy contours

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



7.2 Local Thrombolysis

Table 7.2.2. Contraindications of thrombolytic therapy

Local low dose
thrombolysis

Systemic thrombolysis

Increased risk of hemorrhage
Coagulopathies

All stomach and
intestinal ulcers

Coagulopathies

Bleeding stomach and
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)

CVA 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 couid.
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
IIb-1V) 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).

Foliowing 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 cm 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 inguinal lig-
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 1072 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 cm, 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 1
Thrombus too old

Puncture technically impossible

Compartment syndrome

Aneurysm as the cause of occlusion

O = W0
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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) 4

Macroemboli with circulatory impairment 1

Extensive thrombosis 3

Spasm of the femoral artery 0.2
Large local hematoma 1.5
Deep vein thrombosis of the treated limb 0.2
Injury of the femoral nerve 0.2
Cerebral hemorrhage 0.4
Renal hemorrhage 0.2
Cerebral embolism 0.2
Dissection of the abdominal aorta(?) 0.2
Amputation because of complications 0.4
Death 0.8
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H. Results

According to our experience in 500 treatments
over a period of 31/, 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 3x1
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 2x0.5 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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7 Conservative and Radiologic Measures

7.3 Percutaneous Transluminal
Angioplasty
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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 play a greater

Fig. 7.3.1a—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, antiplatelet 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).

II. 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

H. INGRIsCH

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 ml/10 kg body weight,
1.v.) and cimetidine (2 ml, i.v.) are administered
as an additional allergy prophylaxis

Additional measures in certain vascular regions
are listed in Sect. C.

III. 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 35x 35 cm 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. A20-ml syringe with 1% lidocaine for local
anesthesia

2. A 10-ml syringe with a Luer-lock attachment
for contrast medium

3. A 5-ml syringe with a Luer-lock 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-lock 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/1)

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., intraopera-
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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 transfemoral
and transaxillary catheterization, the percutaneous
technique of SELDINGER is most often used
(Fig. 7.3.2). In the transbrachial 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, loo-

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¢).
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. Preshaped 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. 7.3.5¢). 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.

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 of a 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 preshaped 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 undiscased 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.IIL.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 (1.5ml contrast medium
+1.5ml normal saline solution in a 5 to 10 ml
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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 20-30s. 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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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 (¢). 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 dipyramidamole) 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,
131 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.

. 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.

III. 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 cm long, with a balloon diameter of 3-
4 mm).

Results. MOTARJEME et al. [9] reported on 13 suc-
cessful PTAs 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 artéries, 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, '*!'I-hippurate clearance equal
on both sides, no measurable pressure gradient
across the stenosis)

— Stenoses with beadlike multisegmental 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.II1.6). 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)

Technigue. Depending on the diameter of the aor-
ta, dilating catheters with balloon diameters of 8,
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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 Ila 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 ITb—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 cm 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 cm 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-
nique.

— Approach: contralateral transfemoral, retro-
grade puncture

— Preshaped catheter for aortic bifurcations
(““cobra,” ““side-winder”)

— Dilating catheter: straight, 65 cm 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. 7.3.11a, b. Diagram of the anterograde puncture
of the femoral artery. Needle and guide wire are often
wrongly advanced into the deep femoral artery owing
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, CVA, etc. during
the first 10 days after the procedure) in 0.3%, and
complications requiring surgical intervention
(macroembolism, pseudoaneurysm 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 it 2%.

H. INGRISCH

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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A. Introduction

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.

B. Intraoperative Assessment

I. General

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,
281:

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. 8.1a, 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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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-
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Aortic
pressure
100 mmHg
Renal artery
essu
100 mmHg pressure

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
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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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A

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
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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

CCA
100 mmHg

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 (ICA)
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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. 8.8 A, 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].

¢) 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 ml/min. 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:

Angiography

Electromagnetic flow measurement
Pressure measurement

Continuous registration of skin temperature
Ultrasonic Doppler pressure measurement
Vascular endoscopy

R

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 al., 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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Flow in profunda femoris artery

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 ml is registered. Vasodilatation due to sympathec-
tomy is indicated by the rise in diastolic flow during
pulsatile curve registration (upper curve, right-hand por-
tion). A fall in peripheral resistance due to sympathecto-
my is observed

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)

G.W. HAGMULLER
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Table 8.2. Flow values at rest (Fl,) and during hyperemia
(Fl,yp) in a femoropopliteal vein bypass with respect to
the patency of the outflow tract

Patent lower leg arteries

Three Two One

Fl. x+SD 306.7+168.6 246.5+102.6 148.4+1133
Flyy,x+SD 500.8+203.4 407.0+149.9 252.0+154.3

| S |

S

n.s.

s=significant (» <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 KRIESS-
MANN we differentiate between stage-dependent
and stage-independent parameters [5]. In the ex-
tremities, dynamic stages (i.c., 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
I1T 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 v; cos o. 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 510 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/s, 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 2545 ml can be measured in the
leg during exercise at 280 W/s [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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II. 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

Fig. 8.12. Early hemodynamic results after total correc-
tion of an ileofemoral occlusion. The Doppler index of
the posterior tibial artery (4#p) and dorsalis pedis artery
(Adp) and the plethysmographically measured resting
flow (Fly) and exercise flow (Flg) are shown. Postopera-
tive indices: Atp, 0.88; Adp, 0.80; resting flow, 5.3; exer-
cise flow, 18.6

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 0.804+0.10 in the
dorsalis pedis artery. Exercise flow values mea-
sured plethysmographically during pedalergom-
etry increase to subnormal values of 18.64-2.4 ml/
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
0.464-0.16, 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-

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 0.424-0.16;
exercise flow rises 108% to 6.5+42.56 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

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

Functional assessment (Doppler ultrasonography,
plethysmography, others)

Morphological assessment (angiography)

Intraoperative measurements:

Functional assessment (pressure measurement, elec-
tromagnetic flow measurement, Doppler ultrasonog-
raphy, others)

Morphological assessment (intraoperative angiogra-
phy, Doppler ultrasound frequency analysis)

Postoperative measurements:
Clinical symptoms (change in stage)

Functional assessment (change of preoperative
parameters)

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

1. 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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érn 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).

II. 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]
18 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 ocut, 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 1 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-TV 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%
Unmbilical vein graft n= 163 58%
Profundaplasty n= 596 66%
Distal vein graft n= 266 74%




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.
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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 foliow-
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:



9 Documentation and Statistics

149

1.00p
N  —
Fl— . ==
[ ‘ E
S — I IV/ > 1976, n = 39
L L-! —— III, IV/ 1971-1976, n = 28
E —— 1 11/1971-1976, n = 33
g S Bt 1 —— III, IV/ <1871, n =17
] A 1 - -
,g 050k L 4 LI/ <1971, n=1
© N !
& C Rt - ——
N t
L [
C ! Fig. 9.2. Femoropopliteal vein bypass graft
025; b == reconstruction; influence of stage (I, IT or
- ITI, IV) and time periods of surgery (up to
r 1970, 1971-1978, 1979-1987) on function
r without immediate reocclusion, as estimat-
u | ! ] ! i ! ! | | ed by KAPLAN-MEIER [16]
0 5 10 15 20 25 30 35 40 45
Months

]
o
S
c
3
1)
o
04— — -
031 - I
02} 59 years or = 60-69 years — over 70 years
younger
0.1~ - —
| ! | J l l ] . |
0 ! 2 3 0 1 2 3 0 | 2 3
Years

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 III-
IV and were older than 70 (currently 34%). There-

Fig. 9.3. Graft-patency function curves of femoropopli-
teal vein bypass grafts (n=240) without immediate reoc-
clusion, rearranged according to time intervals and clini-
cal stages for three different age groups (59 or younger,
60-69, 70 or older). A4, up to 1970, stage IT; 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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fore, 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 x? 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 cri