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Editor’s Note

Comprehensive Manuals of Surgical Specialties is a series of surgical man-
uals designed to present current operative techniques and to explore vari-
ous aspects of diagnosis and treatment. The series features a unique format
with emphasis on large, detailed, full-color illustrations, schematic charts,
and photographs to demonstrate integral steps in surgical procedures.
Each manual focuses on a specific region or topic and describes surgi-
cal anatomy, physiology, pathology, diagnosis, and operative treatment.
Operative techniques and stratagems for dealing with surgically correct-
able disorders are described in detail. Illustrations are primarily depicted
from the surgeon’s viewpoint to enhance clarity and comprehension.

Other volumes in preparation:

Manual of Cardiac Surgery
Manual of Liver Surgery
Manual of Soft Tissue Tumor Surgery
Manual of Upper Gastrointestinal Surgery
Manual of Ambulatory Surgery
Manual of Trauma Surgery
Richard H. Egdahl
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Preface

Of all the developing fields of surgery, few have had the impact of vascular
surgery in affecting so large a segment of the population with its potential
for relief of disability or the prolongation of life. As would be anticipated,
the interest of surgeons in this evolving specialty has been largely focused
upon the selection of the most appropriate operations and the development
of modifications or new procedures to overcome the limitations of previous
ones.

The literature contains numerous conflicting claims on the relative
merits of various procedures. Those approaching this field for the first time
may understandably be confused. Yet, if one were to approach any single
vascular surgeon at any given time, he would, upon request, receive a firm
and precise listing of preferred procedures.

The procedures described in this two-volume publication are those
which we currently favor. Their selection is the result of continuing anal-
ysis of our own experience of the last 25 years. All patients have been
available for prolonged follow-up evaluation. Late failures often identified
techniques that lessened the durability of initially satisfactory operations
and stimulated the development of modifications or trials with alternate op-
erations. Particular attention is directed here to the manner in which
knowledge of the natural history of disease influences the choice of opera-
tion.

Volume I presents an initial chapter on arteriography as it relates to
the vascular surgeon. The second chapter deals with the basic principles of
vascular reconstructive techniques. Both chapters present material appli-
cable to subsequent portions of both volumes dealing with specific clinical
entities. The remaining chapters deal with arterial reconstructive tech-
niques as they relate to atherosclerotic lesions of the major arteries (exclu-
sive of the femoropopliteal segments).

The common denominators in many of the clinical aspects as well as
technical requirements of arterial reconstruction as they apply to athero-
sclerosis in every location suggested a pathologic rather than a regional
grouping of subject matter. Surgical considerations in atherosclerosis of
the arteries in the lower extremities as well as other conditions and dis-
eases in all regions will be presented in the Volume II of this work.



Preface

We have attempted to combine a descriptive manual with an illustra-
tive atlas. Pertinent clinical considerations that lead to decisions for or
against operation and the selection of the most appropriate operation are
discussed. Particular emphasis is placed upon the preoperative and intra-
operative recognition of pathologic variations which may require modifica-
tion of a planned procedure or the selection of an alternate one. Insofar as
is possible, these variations are illustrated by appropriate arteriograms and
photographs of surgical specimens.

The exposition of each operation uses sequential drawings and is de-
signed to illustrate successive steps in the technical maneuvers. We are
particularly indebted to Mr. Ted Bloodhart for his skill and imagination in
the selection of illustrative techniques and for the clarity of the drawings.
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Arteriography

Arteriography is necessary for preoperative diagnosis and operative plan-
ning in most patients for whom arterial reconstructive surgery may become
necessary. The safety of most currently employed techniques has reached
the level where arteriography is often the first study performed after the
original clinical evaluation. Although a variety of ‘‘noninvasive’’ tech-
niques are currently under study, none has supplanted arteriography for
precision of diagnosis. This chapter categorizes the various arteriographic
techniques in terms of their usefulness to the surgeon, describes those situ-
ations where one method may be safer and more accurate than another,
and calls attention to specific precautions.

Cerebrovascular Disease

Indications for cerebral arteriography in patients under study for possible
cerebrovascular disease are listed in Tables 1.1 and 1.2. The preferable
method is the Seldinger technique with introduction of the catheter in one
common femoral artery. Hemorrhage from the puncture site after removal
of the catheter can be effectively controlled by manual compression for 10—
15 min on the groin supplemented with sandbag compression for 2-3
hours. The patient is cautioned to remain supine for the next 12 hours. We
have never encountered a bleeding problem from the puncture site after
this time.

If proximal passage of the catheter is impeded at the iliac level, the
catheter should be promptly withdrawn and reinserted into the opposite
femoral artery. If difficulty is again encountered, the femoral approach
should be abandoned. Further attempts invite an intramural dissection and
the potential for arterial occlusion. In patients who have symptoms and
findings of substantial iliofemoral atherosclerosis for which abdominal aor-
tography will also be required, we prefer to precede the cerebrovascular
study with a translumbar aortogram to aid in the selection of the most ap-
propriate femoral artery for safe introduction of a catheter or to determine
whether the femoral route should be abandoned in favor of another ap-
proach.



Arteriography

TABLE 1.1. Indications and Contraindications for Arteriography in Suspected
Cerebrovascular Occlusive Disease

Indicated
A. If needed for differential diagnosis

Aneurysm

Angioma

Tumor

Subdural hematoma
Focal epileptic attacks
Subarachnoid hemorrhage

B. If operation would be advisable if a surgically accessible arterial lesion were demonstrated

Contraindicated

Recent cerebral infarction (30 days)

The second choice of a site for insertion of the catheter is the axillary
artery. This route is less desirable than the femoral because of greater diffi-
culty in positioning the catheter for selective carotid injection. When the
catheter is inserted through the axilla, one may often have to settle for a
simple injection of the aortic arch. The axillary artery is also more vulner-
able to a lengthy tear, and manual compression is more difficult to apply
effectively. An occasional patient may develop problems secondary to in-
jury to the brachial plexus.

Injection of the brachial artery is not advised because of the greater
risk of local thrombosis when the catheter is removed. Injection of the sub-
clavian artery, a technique formerly used, introduces the unnecessary risk
of pneumothorax. Percutaneous needle injection of the common carotid ar-
teries, one of the original techniques for visualization of the carotid terri-
tory, has been largely discarded for patients with suspected cerebrovascu-
lar disease because of the risk of intramural dissection or disruption of an
atheromatous plaque in a low-lying bifurcation. In addition, extramural
hemorrhage following removal of the needle often dissects for a lengthy
distance within the carotid sheath. The resulting soft-tissue reaction cre-
ates problems for the surgeon in identifying and preserving vital structures,
e.g., the vagus or hypoglossal nerves, if a subsequent carotid operation is
required.

The extent of visualization of the extra- and intracranial arteries is de-
termined by diagnostic needs. Neurotoxicity of the contrast solutions cur-
rently in use, although substantially less than those formerly used, is still a
consideration and is related in part to the total volume used and its concen-
tration. The early concept that visualization of the aortic arch branches,
the four cervical arteries supplying the brain and their intracranial tribu-
taries, was necessary for an adequate evaluation of patients with suspected
occlusive cerebrovascular disease has been replaced by more selective
studies based upon the required therapy if a suspected lesion is demon-
strated. Thus, for patients with symptoms or findings in the carotid terri-
tory alone, selective carotid injections of the intracranial branches is
usually adequate. A separate arch injection in two projections is required
(1) in patients with findings suggesting subclavian, innominate, or proximal
vertebral disease only if the demonstration of lesions at this level would
indicate the need for operation or (2) when the radiologist encounters diffi-
culty in catheterizing the carotid arteries. An arch study alone for sus-
pected carotid disease is often difficult to interpret because of overlapping
arteries both in the neck and intracranially.



TABLE 1.2. Indications for Arteriography when Diagnosis of Cerebrovascular
Occlusive Disease Is Probable

I. Symptoms of Transient Cerebral Ischemia

Carotid Lateralizing motor or sensory deficits
territory Expressive dysphasia
Monocular visual loss
Vertebro- Vertigo
basilar Ataxia
territory Diplopia

Slurred speech
Drop attacks
Bilateral visual impairment

II. Persistent or Recurrent Symptoms of Decreased Cerebral Perfusion (postural dizziness, blurred
vision)

After excluding or correcting
a. Anemia
b. Postural hypotension
c. Inadequate cardiac output

and physical findings suggest
a. Stenosis at carotid bifurcation
b. Stenosis or occlusion of:
(1) Common carotid artery
*(2) Subclavian or innominate arteries

III. Asymptomatic Patients Whose Vascular Findings Indicate Neurologic Jeopardy

a. Unilateral carotid bruit when major thoracic or abdominal surgery is anticipated
b. Bilateral carotid bifurcation bruits
c. Absent common carotid pulse

* Indication for study related to degree of disability.

When embolization from a cervical carotid lesion is suspected, two or
even three projections are usually necessary to demonstrate the contour of
the arterial lumen adequately. If right hemispheric embolization is sus-
pected and the carotid studies are normal, an arch injection is required to
demonstrate the innominate artery, in which ulcerating lesions may also
occur. An arch injection in two projections is adequate to demonstrate ver-
tebral lesions. Selective injection of the vertebral arteries carries a prohibi-
tive risk. The two most disastrous complications in our experience have
been acute vertebral occlusion secondary to an intramural injection and
cortical blindness from perfusing the posterior circulation with essentially
undiluted contrast solution. Intramural injection may also occasionally
occur with selective carotid injection, but ordinarily is a benign event.

Many patients will have a history of adverse reactions from previous
injection of contrast solution. In this situation we customarily initiate
steroid therapy the day before the study and give an oral dose of Benadryl
(50 mg) before the study is begun. Although we have an anesthetist on
standby for intubation and ventilatory support, his services have never
been required.

Visceral Artery Disease, Renovascular
Hypertension, Portal Hypertension
Catheter arteriography is the preferred technique in most patients with

symptoms suggesting visceral artery disease or renovascular hypertension.
For patients with suspected celiac or superior mesenteric artery disease,

Visceral Artery Disease
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midstream aortic injections are made in the AP and lateral projections: the
first to show the comparative rate of distal opacification and the collateral
vessels; the second, to demonstrate the arteries at their origin.

For patients with suspected renovascular hypertension caused by ath-
erosclerotic orifice lesions, multiple midstream aortic injections are usually
required to demonstrate the renal arteries accurately. The renal artery ori-
fices vary in location on the circumference of the aorta from a lateral to a
postero-lateral position. Varying degrees of rotation of the patient are
usually necessary to visualize the artery orifices in profile. Selective cathe-
terization should be reserved for patients in whom the midstream injection
demonstrates fibromuscular dysplasia. Arterial elongation, tortuosity, and
even coiling are characteristics of this disease. Views in varying projec-
tions taken in full inspiration to depress the kidney and straighten the ar-
tery are needed to define clearly the extent of disease. Accurate anatomic
definition is critically important not only for diagnosis but also to allow the
surgeon to select the most appropriate operative technique. Lesions be-
yond the bifurcation for which ex vivo techniques are frequently necessary
may escape detection without these more precise arteriographic tech-
niques.

For patients with portal hypertension the preoperative determination
of portal vein patency or the postoperative assessment of shunt patency
(regardless of the type of the decompression operation), selective injection
of the celiac artery is a particularly useful technique. The late films in the
angiographic series delineate the venous pathways.

Aortoiliac or Femoropopliteal Disease

Translumbar aortography to demonstrate obstructive lesions in the in-
frarenal aorta, the iliac arteries, and the femoral-popliteal segments has, in
our experience, been the most acceptable arteriographic technique. Ath-
erosclerosis in these areas is usually accompanied by some degree of inti-
mal disease in the common femoral arteries. In this situation, catheter in-
Jection of the common femoral artery creates the potential for local
thrombosis requiring immediate surgical correction. Cephalad passage of
the catheter adds the risk of intimal disruption at a higher level. Although
these complications are rare, their occasional occurences are predictable.
In addition, the inevitable periarterial hematoma in the groin complicates
the technical performance of an aortofemoral graft or endarterectomy,
should one of these operations become necessary. Catheter injection of a
fabric graft in the groin for patients who have developed recurrent symp-
toms after a previous aortofemoral graft operation is particularly hazard-
ous. The interior of such a graft, particularly when it is larger than the out-
flow tract, is lined by a layer of thin, loosely attached thrombus that is
vulnerable to disruption or thrombosis, which the traumatic insertion of a
catheter would cause.

Translumbar aortography avoids all these problems. In more than
9000 cases by this method in our clinic, there have been only three genuine
complications. Two occurred as a result of hemorrhage from the wall of an
infrarenal false aneurysm of the aorta, and one was a result of an intra-
mural injection occluding a severely diseased distal aorta, for which imme-
diate operation was required. When an adequate volume of contrast solu-
tion has been injected and with proper timing of film exposures,



visualization of the arterial tree to at least the level of the midcalf can be
obtained.

For patients with an abdominal aortic aneurysm or occlusion of the
aorta to the level of the renal arteries, translumbar aortography is less ef-
fective in demonstrating the distal arterial tree. In the case of the former,
the combination of low flow velocity and dilution of contrast solution in
the dilated aorta and iliac segments lessens opacification in the distal ar-
teries to a degree that adequate visualization of the more distal vessels is
rarely obtained. Since it is so rare that the clinical problem requires distal
arteriography, this drawback is more theoretical than real. In almost every
instance of combined aneurysmal and occlusive disease, selection of the
most appropriate grafting technique can be made at the time of operation.

In patients with subrenal aortic occlusion, translumbar aortography
frequently fails to provide adequate visualization of the distal arterial tree.
A large portion of the collateral supply to the legs supplied by the superior
mesenteric artery (by way of the meandering mesenteric—inferior mesen-
teric—obturator connections) is so diluted by the distal inflow of blood
from the circumflex iliac and inferior epigastric arteries that distal opacifi-
cation may be inadequate when contrast solution has been introduced into
the proximal abdominal aorta. Fortunately this does not create a clinical
problem in patient management. If the distal extent of occlusion is beyond
the common femoral arteries, viability of the leg will have been lost beyond
retrieval by revascularization. If the leg is viable when aortography demon-
strates subrenal aortic occlusion, either the common femoral or the pro-
funda femoris artery assuredly is patent and available for a distal graft
anastomosis.

Although translumbar aortography can be performed with local anes-
thesia, severe pain usually occurs at the time of injection. This can be
avoided by the use of an epidural anesthetic, which has been our technique
of choice. Blood pressure should be maintained at the patient’s customary
level. A lowered pressure will reduce aortic blood flow velocity and impair
visualization of the distal vessels.

Technique

With the patient in the prone position the needle is introduced in the costo-
vertebral angle. If the needle is angled toward the opposite axilla it will
penetrate the aorta at the level of the diaphragm. If the angle is in the
direction of the opposite iliac crest, penetration is just proximal to the bi-
furcation. An angle midway between these extremes will usually position
the needle in the aorta immediately distal to the renal arteries, which, except
for patients with aortic aneurysms or aortic occlusion at the level of the
renal arteries, is the most suitable site for injection. If clinical findings sug-
gest aortic occlusion, a dry tap at this site indicates occlusion to the renal
artery level and the need for reinsertion of the needle at a higher level.

A 17-gauge dos Santos needle, which has side holes proximal to the
occluded tip, is used (Fig. 1.1, stylet partially withdrawn). A needle with an
open beveled tip will occasionally produce an intramural dissection when a
portion of the opening is within the aortic wall. Forceful injection through
an open-end needle will occasionally cause the needle to withdraw from its
intraluminal position.

Technique
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Fig. 1.1. Tip of dos Santos needle
with stylet partially withdrawn.

Fig. 1.2. Insertion of trans-
lumbar needle; stylet with-
drawn on approach to aorta.

Fig. 1.3. Steps in insertion
of translumbar needle.
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The needle is inserted at an angle that directs it to the body of the lum-
bar vertebrae. For an infrarenal injection this angle is 60° from the vertical.
For suprarenal injections the angle is 70°-75° from the vertical. The needle
is then partially withdrawn and the angle lessened with each reinsertion
until the needle barely clears the bone. The stylet is withdrawn and the
needle is carefully advanced with the operator’s knuckles against the pa-
tient’s back to maintain control (Fig. 1.2). Fig. 1.3 shows the introductory
maneuvers. When the side holes are within the aortic lumen, a vigorous jet
of blood issues from the hub of the needle (a). The needle is then advanced
until bleeding ceases (b). It is then withdrawn one-half the distance of the
advance to make certain that the side holes are in the center of the lumen
(c). The needle is then connected to the plastic tubing leading to a pressure
injector. The appearance of blood within the tubing after momentary trip-
ping of the ‘‘load’’ button makes certain the needle’s position has not been
changed. Sixty cubic centimeters of contrast solution (Renografin-76) is in-
jected during a 3-sec interval. Five film exposures are made at 3-sec inter-
vals. If severe ischemia of the legs is present, exposure of the final film
should be delayed for a few seconds to allow time for the contrast solution
to reach the terminal popliteal branches. If the timing has been incorrect, a
second injection can be made without risk to the patient.

Technique



Basic Techniques
in Arterial
Reconstruction

A little neglect may breed mischief: For want of a
nail the shoe was lost; for want of a shoe the horse
was lost; and for want of a horse the rider was lost.

A maxim from George Herbert prefixed to
Poor Richard’s Almanac, Benjamin Franklin, 1757

There are few surgical disciplines to which the above adage applies as
well as to vascular surgery. Imperfect exposure, careless handling of dis-
eased vessels, neglect in clot prevention, and improper suture techniques
are but a few of the multitude of errors that lead to failure that so often
means loss of an extremity, paralysis, or death. This chapter illustrates and
describes a variety of basic principles in vascular reconstructive surgery
that apply to the operations described in subsequent chapters.

Exposure

The development of adequate exposure is usually the most time-consum-
ing and often the most demanding portion of the operation. The afferent
and efferent vessels on both sides of the diseased arterial segments must be
easily available for safe clamp control without impinging upon the segment
to be resected and/or repaired. Hence the full-length sternotomy incision
for innominate endarterectomy or bypass, the full-length abdominal inci-
sion for operation on lesions at the aortic bifurcation, the thoracoretroperi-
toneal approach for suprarenal aortic disease, and even the partial transec-
tion of the inguinal ligament for aortofemoral grafting operations. The
selection of the proper approach should also take into account the possibil-
ity that an operation more extensive than the one originally proposed may
become necessary. A lower-quadrant extraperitoneal approach for ap-
parent unilateral iliac artery disease may often be disastrous when the sur-
geon finds it necessary to control or repair the aorta or the contralateral
common iliac artery.
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Arterial or Venous Mobilization

Use of slings encircling the arteries or veins is a necessary vascular retrac-
tion technique. Use of fabric slings (e.g., hernia or umbilical tapes) is dis-
couraged as they often become ensnarled in the adventitia as they are
passed behind the vessel, so they twist the vessel as they are passed
around it (Fig. 2.1a and b). Because the fabric narrows at its point of con-
tact with the artery when traction is applied, the friable intima in a patient
with atherosclerosis may be fractured at this point and becomes a nidus for
thrombosis or the origin of a postoperative dissection (Fig. 2.1c and d).

Soft rubber tubing, cut to a point and moistened, slides easily around
the vessel and holds its shape when subjected to the minor degree of trac-
tion required, thereby avoiding both difficulties described above (Fig. 2.2a
and b). For large and medium-sized arteries, latex tubing with an external
diameter of 3/16 in. is used.! Smaller rubber or plastic tubing strips are now
commercially available for use on smaller arteries such as the branches of
the profunda femoris or the subclavian arteries. The use of two slings per-
mits elevation of an arterial segment with minimal distortion of the artery
as the loose periarterial fibrous tissue is dissected away from the artery
(Fig. 2.2¢).

Arterial Occlusion

The temporary interruption of blood flow is necessary in most vascular re-
constructive operations and may be accomplished by tourniquets, vascular
clamps, or intra-arterial balloon catheters. In patients with atherosclerosis,
particular care is required to prevent the creation of a new lesion by the
occlusion technique. Although the atherosclerotic lesion that prompted the
operation may be limited to a specific arterial segment, the intima in the
adjacent parent arteries is often loosely attached to the underlying media
and vulnerable to détachment. This finding is particularly common in pa-
tients with atherosclerotic aneurysmal disease. In patients who have un-
dergone an abdominal aortic aneurysmectomy, postoperative external iliac
occlusion from a subintimal dissection beginning at the level of arterial oc-
clusion by a vascular clamp is a recognized, although rare, complication.
The use of tourniquets for arterial occlusion is the one method most prone
to cause intimal disruption in a patient with atherosclerosis and generally
should be avoided.

When arterial clamps are used, they should be applied at an angle
least likely to cause intimal fracture or fragmentation. Under ideal circum-
stances the clamp should be applied to an artery free of grossly palpable
atherosclerosis. This is often impossible, and the surgeon must accept
some degree of intimal thickening. This is most often encountered in oper-
ations for aortic aneurysms in which the common iliac arteries have a
greater than normal lumen but have palpable atherosclerotic intimal thick-
ening in a portion of the arterial wall. In this situation, the large arterial
lumen indicates that late arterial occlusion is unlikely to occur if a satisfac-

! Natural latex tubing, /s in. inside diameter, /32 in. wall thickness. Available from Kent Latex
Products, Inc., Kent, Ohio 44240.
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c d

Fig. 2.1,a—d. Fabric sling (a, b) ensnarls intima and twists vessel; (¢, d) cracks athero-
sclerotic intima.

Fig. 2.2,a-c. Latex slings (a, b) pass around
vessel without distortion; (¢) retract artery
without sharp angulation.

11
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tory anastomosis has been accomplished, and this location thus may be the
preferable site for anastomosis. The arterial clamp on the common iliac ar-
tery should be applied to compress the soft portion of the arterial wall
against the diseased side (Fig. 2.3a). The effect of improper clamp applica-
tion is illustrated in Fig. 2.3b.

Temporary arterial occlusion by means of balloon catheters is occa-
sionally preferable to clamp occlusion. One example occurs when endar-
terectomy is used to eliminate a short atherosclerotic occlusion in the su-
perficial femoral or popliteal artery. The intima in the patent proximal and
distal segments often is thin, friable, and easily detachable. An intraopera-
tive postendarterectomy arteriogram not uncommonly demonstrates a nor-
mal lumen in the reconstructed segment but sharp zones of stenosis at the
point of application of the arterial clamps, which could have been pre-
vented by the use of balloon catheters passed into the proximal and distal
segments.

Two other situations in which balloon catheters are used are illus-
trated in Figs. 2.4 and 2.5. When rapid control of distal backbleeding is re-
quired in an operation for rupture of an abdominal aneurysm, or when safe
mobilization of the common iliac arteries is difficult to accomplish, inser-
tion of balloon catheters into the iliac orifices accomplishes the desired re-
sult (Fig. 2.4).

In Fig. 2.5a late suture-line disruption of a previous aortofemoral by-
pass graft has produced a false aneurysm in the groin. Mobilization of the
graft and the distal superficial femoral arteries for application of occluding
clamps can be easily accomplished. Dissection of the profunda femoris and
the posterior branch of the common femoral artery just proximal to it is
sometimes difficult and time-consuming. This extensive further dissection
can be avoided by incising the false aneurysm and inserting balloon cath-
eters into the orifices of the branch arteries (Fig. 2.5b).

Fig. 2.3,a, b. Clamping an atherosclerotic artery. a correct angle; b incorrect
angle.
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Fig. 2.4. Balloon catheter occlusion of iliac arteries
during aortic aneurysmectomy.

Fig. 2.5,a, b. Balloon catheter oc-
clusion during false aneurysm re-
pair. a original anastomosis; b late
suture-line disruption and false an-
eurysm.

13
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Anastomotic and Suture Techniques

In terms of ease of handling and security of knots, silk is our preferred su-
ture material for vascular anastomoses. With continuing stress, however,
silk sutures tend to fragment and their use, therefore, is restricted to tissue-

Fig. 2.6. a, b retraction of the media after transection of an atherosclerotic ar-
tery; ¢ operative photograph (note the atherosclerotic rigidity of the intima);
d, e resection of projecting intima to prepare artery for anastomosis.

14
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to-tissue anastomoses in which the tensile strength of the anastomosis is
provided by the cellular connections that develop before the sutures de-
generate. Silk sutures are applicable for artery-to-artery, vein-to-vein, or
vein-to-artery anastomosis. The long-term integrity of an anastomosis
between an artery and a fabric graft depends entirely on the durability of
the suture material. Ingrowth of tissue between the artery and the graft to
which it is anastomosed is inadequate to maintain tensile strength. A multi-
filament prosthetic suture retains its strength and in this circumstance is
preferred. : »

In most operations requiring transection of an artery in preparation
for a graft anastomosis, one, of course, would attempt to select a level for
arterial transection that was free of gross intimal disease, but this is not
always feasible. Fig. 2.6a—c illustrates the retraction of the media from the
rigid intimal core when an atherosclerotic artery is transected. Failure to
recognize the retraction of the media may lead the surgeon to place the anas-
tomotic sutures into only the intimal cuff. This error can be avoided by
cutting away the projecting intima (Fig. 2.6d and e).

Selection of the most appropriate suture techniques in vascular recon-
struction depends upon the type of closure required. End-to-end anasto-
moses between artery-to-artery or artery-to-vein should always be made
with interrupted sutures. Dissected or resected vascular segments tend to
be constricted by spasm, and even after instrumental dilatation, it is diffi-
cult to estimate the eventual diameter that the vessels will assume after
blood flow has been restored. If a continuous suture is used, the circumfer-
ence of the artery or vein at the site of anastomosis will be restricted to the
length of the suture, whereas interrupted sutures permit expansion to nor-
mal size. Fig. 2.7a and b illustrates the stenosis that may be produced by a
continuous suture and the prevention of stenosis by the use of interrupted
sutures.

This basic principle reappears in numerous situations. Inadvertent
lacerations of the arterial wall or actual avulsion of a portion of artery, as
illustrated in Fig. 2.8a and b, require repair. Closure with transverse or fig-
ure-of-eight sutures results in arterial constriction whereas interrupted su-
tures applied in the long axis of the artery preserve arterial size (Fig. 2.8¢c—
e). A comparable situation exists with the use of interrupted mattress su-
tures (Fig. 2.9). The formerly held concept that arterial eversion is required

Fig. 2.7,a, b. Suture techniques for end-to-end anastomoses between arteries or
veins. a stenosis from continuous suture; b interrupted sutures allow vessel to
expand to normal size.
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Fig. 2.8,a—e. Suture of arterial or venous tears. a avulsion of branch vessel;
b resulting rent; ¢ closure with figure-of-eight suture; d resulting stenosis; e clo-
sure with interrupted simple vertical sutures.

Fig. 2.9. Arterial stenosis from interrupted mattress sutures.

for a satisfactory anastomosis originally prompted the use of mattress su-
tures. As each stitch is knotted, the enclosed tissue is compressed. Al-
though the degree of resulting stenosis is less than in the instances cited
above, it is impossible to prevent some degree of arterial narrowing. Arte-
rial eversion as a mandatory requirement for vascular anastomoses has not
been supported in practical application.

The closure of longitudinal arteriotomies or venotomies is most easily
performed with continuous sutures. Some degree of constriction of the
vessel is inevitable depending upon the depth of the suture bites. The dele-
terious effect is inversely proportional to the size of the vessel. Thus the
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narrowing following closure of a longitudinal incision in the aorta is of little
importance compared to the luminal constriction following closure of a lon-
gitudinal profunda femoris arteriotomy. Whenever arterial narrowing may
reduce the effectiveness of the operation, the closure should be supple-
mented by a patch graft. Fig. 2.10a and b illustrates the comparison of sim-
ple closure with patch graft closure.

Other considerations, however, may indicate the preferred technique.
Simple closure of a longitudinal arteriotomy in the internal carotid artery
beyond the end of the carotid bulb is preferred to patch graft closure in
order to lessen the time period of cerebral ischemia. In this case, closely
spaced sutures that seize no more than 1 mm of arterial wall are used. Aor-
toiliac endarterectomy, although a generally durable operation, has a small
but predictable frequency of late obstructive atherosclerosis. In order to
minimize or delay the effect of recurrent atherosclerosis, longitudinal iliac
arteriotomies are avoided and the iliac portions of the operations are per-
formed with an arterial stripper passed through transverse arteriotomies.
The customary dilatation of the endarterectomized iliac artery has not been
lessened as it would have been by closure of a longitudinal arteriotomy,
and if atherosclerosis were to reappear, a longer time would pass before
restenosis were to develop.

The most commonly used material for patch grafts is the saphenous
vein. The portion of the saphenous vein at the level of the ankle is easily
accessible. Its size is adequate for most needs and its removal is preferable
to the resection of a vein segment in the thigh, which may be needed for
venous return in the event the patient were later to develop deep throm-
bophlebitis. It should not be used in patients with severe ischemia of the
lower extremity when healing of a skin incision at this level may be com-
promised. The patch should be trimmed at each end to produce a narrow
but squared end. Separate sutures are applied at each corner of the square
(Fig. 2.11a and b).

Trimming the graft to a point or continuing a single suture around the
apex carries the same threat of local arterial stenosis that is present when a
continuous suture is used to close a transverse arteriotomy. A common
mistake is to overestimate the desired width of the patch. It is rarely neces-
sary to use more than a longitudinal half of the vein segment. A wider
patch results in a bulge susceptible to mural thrombosis or eventual an-
eurysmal degeneration (Fig. 2.12a and b). In a few circumstances deliber-

Fig. 2.10,a, b. Longitudinal arteriotomy closure. a stenosis from simple closure;
b prevention of stenosis by the use of a patch.
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Fig. 2.11,a, b. Preparation and suture of patch grafts. a ‘‘squaring off’’ the ends
of the patch; b interrupted sutures at the apices.

Fig. 2.12,a, b. Width of patch graft. a excessively wide venous patch; b an-
eurysmal bulge.

ate abnormal dilatation may be desirable, as in the rare patient who de-
velops early arterial stenosis secondary to fibroplasia following carotid
endarterectomy. A wide patch graft after a second endarterectomy may
delay the influence of a subsequent fibroplastic reaction. Another instance
occurs in the patient who has undergone a local endarterectomy in the pop-
liteal artery. Some degree of intimal thickening will usually be present at
the distal end point. Tack-down sutures secure the distal intima in place
and a patch graft extending beyond the end point tends to contour the flow
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of blood over the distal ridge and reduce the possibility of thrombosis as a
result of turbulence at this point (Fig. 2.13a and b).

End-to-end anastomoses between small arteries, or small vein-to-ar-
tery grafts, depend upon precise placement of interrupted 6—0 or 7-0 su-
tures. The potential for error is reduced if the ends of the vessels to be
united are spatulated (Fig. 2.14a and b). The distance from the apex to the
tip should be the same for each segment. This permits the use of a contin-
uous suture along the sides of the anastomosis without threat of resulting
stenosis so long as the ends are squared and the suture is interrupted at’
each end.

Fig. 2.13,a, b. Patch supplement to endarterectomy. a The arteriotomy is ex-
tended beyond the endarterectomy end point, which has been secured with tack-
down sutures. b Completed patch.

b

Fig. 2.14,a, b. Spatulation for small vessel anastomoses. a spatulated arterial
ends; b completed anastomosis.
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Fig. 2.15,a-g. Anastomosis in presence of arterial spasm. a arterial size before
mobilization; b arterial size after mobilization; ¢ resulting graft-artery size differ-
ence; d, e instrumental dilatation of artery; f, g anastomosis performed.
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Dissection of small arteries, e.g., renal or profunda femoris, in prepa-
ration for establishing an arterial graft inevitably produces spasm and
marked reduction in size. Fig. 2.15a and b illustrates the degree of narrow-
ing that develops after skeletonization of such an artery. Fig. 2.15c¢ illus-
trates the problem that appears when a graft of appropriate size is brought
in approximation to the constricted artery to which it is to be anastomosed.
Stretching by the spreading of the jaws of hemostat within the artery will
temporarily overcome spasm (Fig. 2.15d and e). The anastomosis can then
be completed with accurate alignment of the sutures (Fig. 2.15f and g).
Continuous sutures are usually appropriate for an end-to-end anastomosis
between the conventional fabric graft and a large artery. The rigidity of the
graft tends to prevent the purse-stringing effect that is more likely to occur
when an autogenous tissue graft is used. Interrupted sutures are preferred
for smaller synthetic grafts (5-6 mm) when these are used for small artery
anastomoses, €.g., renal or profunda femoris arteries.

In operations performed for atherosclerotic disease it would be desir-
able that all anastomoses were made to arterial segments free of disease,
but this opportunity rarely exists. For this reason the suturing techniques
should be adapted to the local pathology. Insertion of the suture from out-
side the artery into its lumen may separate the loosely attached intima (Fig.
2.16a). Other things being equal, the preferred technique is to pass sutures
on the arterial side of the anastomosis from inside to out (Fig. 2.16b).

Fig. 2.16,a, b. Insertion of sutures in
atherosclerotic arteries. a intimal
separation from external insertion of
needle; b internal insertion of needle.

When grasping the arterial wall with a forceps particular care should
be taken to prevent instrumental disruption of the intima or a lateral tear in
the arterial wall (Fig. 2.17a). In situations where it is necessary to insert the
suture from the outside, one can use the forceps as a stabilizing counter-
pressure tool. They should be held against the arterial wall from inside as the
needle is inserted from the outside (Fig. 2.17b).

Often it becomes necessary to anastomose a graft to an artery in
which the intima may have areas of calcification impervious to the inser-
tion of the suture needle; this occasionally happens when the iliac arm of a
graft in an aortic aneurysm operation is to be sutured to the end of a di-
vided common iliac artery. The arterial lumen is usually slightly larger than
normal and thus is a satisfactory outflow vessel. Penetration of the calci-
fied portion of the circumference for insertion of the anastomotic sutures
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Fig. 2.18. Arterial punch in sclerotic artery.

22

Fig. 2.17,a, b. Forceps and the atherosclerotic artery. a intimal tear; b closed-
forceps technique.

may be made with an arterial punch without disrupting the arterial wall or
fracturing the plaque (Fig. 2.18).

An end-to-end anastomosis between artery and graft is often compli-
cated by disparity in size between graft and artery. This can be overcome
by wider spacing of the sutures on the side with the greater circumference.
This technique should be restricted to those portions of the arterial wall
that retain normal pliability. When a portion of the arterial wall contains an
atheromatous plaque, sutures in this portion of the arterial wall should
be aligned accurately to the graft. Failure to do so results in anastomotic
leakage that is difficult to control with additional sutures. Fig. 2.19a-d il-
lustrates the common circumstance where the posterior wall of the artery
has been infiltrated with a rigid atheroma. The ‘‘make-up’’ sutures are re-
stricted to the anterior two-thirds of the anastomosis.

After completion of an anastomosis and release of the occluding
clamps, bleeding is often observed from needle holes or in gaps between
the sutures. Minor openings where the jet of blood is comparable in size to
that from a 22-gauge needle will generally seal off spontaneously. This can
be hastened by temporary reapplication of the clamps or by holding the
gloved finger over the opening until bleeding stops. Larger openings re-
quire additional sutures (Fig. 2.20a). Placement of additional sutures after
the clamps have been removed often causes longitudinal tears in the artery
as the sutures are tied (Fig. 2.20b). The preferred technique is to reapply
and approximate the clamps so that the suture may be secured without ten-
sion (Fig. 2.20c and d).



Fig. 2.19,a-d. Disparity in graft-artery size when the atherosclerotic plaque is
confined to a segment of the arterial circumference. a, b evenly spaced sutures in
diseased segment; ¢, d unevenly spaced sutures in the undiseased segment.

Fig. 2.20,a-d. Postanastomotic leaks. a bleeding
between sutures; b arterial tear from insertion of a su-
ture with clamps released; ¢, d suture inserted after
reapplication of clamps.
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Large tears in the arterial wall may be difficult to close with simple
sutures without causing gross distortion of the arterial lumen. This prob-
lem most commonly occurs during careless closure of an endarterecto-
mized artery when the sutures are pulled too tightly or a lateral tear is
created by rough use of the forceps (Fig. 2.21a); occasionally it is encoun-
tered during endarterectomy when the dissecting instrument inadvertently
penetrates the full thickness of the arterial wall. An attempt to use one or
more vertical sutures to close the defect often results in widening of the
defect as a result of sutures tearing through the arterial wall. Deeply placed
transverse sutures may narrow the arterial lumen. The remedy is the appli-
cation of a multitude of ‘‘darn’’ sutures using 6—0 thread (Fig. 2.21b). Each
suture is loosely placed and set into position without tension, and this tech-
nique in essence creates a fabric patch that is secured to the artery at multi-
ple points around its circumference. This type of suture would be used to
close the tear shown in Fig. 2.20b.

A simple oblique transection of a graft to be used for an end-to-side
anastomosis creates the hazard of developing a short zone of arterial con-
striction at the apex of the graft unless extreme care is used in the shallow
placement of sutures adjacent to the apex (Fig. 2.22a and b). The effect is
comparable to the closure of a longitudinal arteriotomy. This problem is
overcome by squaring off the ends of the graft (Fig. 2.23a). This tends to
spread the *“V’’ at the apex of the arteriotomy and creates the same effect
as closure of a transverse arteriotomy at that point (Fig. 2.23b and c¢). One
can then use deeper sutures at the end of the graft without concern for pro-
ducing stenosis in the recipient artery.

One is often tempted to remove an ellipse from the wall of the recipi-
ent vessel when an end-to-side anastomosis is being created. This has
some validity in vein-to-vein anastomosis, e.g., portal decompression op-
erations, where the intravenous pressure may be insufficient to spread the

Fig. 2.21,a, b. Closure of vents or tears with darn sutures. a arterial defect;
b darn sutures.
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Fig. 2.22,a, b. Incorrect prepa-
ration of end of fabric graft for
bypass. a simple oblique cut;
b arterial stenosis at pointed
end.

Fig. 2.23,a-c. Correct preparation
of end of fabric graft for bypass.
a line of transection; b contour of
graft end; ¢ completed anastomosis.
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stoma to its widest possible dimension. In the high-pressure arterial system,
an adequate stoma will develop with the use of a simple longitudinal ar-
teriotomy in the recipient vessel (Fig. 2.24a—c). With an elliptical incision,
the spreading of the remaining arterial wall flattens the central portion of
the graft (Fig. 2.25a—c). The entry point for blood flow is thus at the proxi-
mal end of the anastomosis and unless extreme care is used in placing the
sutures in the proximal apex, stenosis of the graft may occur at that point.
In extreme situations, the posterior wall of the recipient artery will be
drawn anteriorly, thereby flattening the arterial lumen at the very point
where a large and well-shaped lumen is most desirable (Fig. 2.25d).

A pertinent clinical situation is present in the patient who needs an
aortofemoral bypass operation. A mild degree of atherosclerotic thickening
is often present in the posterior common femoral intima. The desired anas-
tomosis is one made to a simple arteriotomy that extends to a point just
beyond the end of the atheroma. The arterial lumen at the site of anasto-
mosis becomes increased as a result of the increase in circumference that
the graft adds to the artery. Encroachment of the lumen by further growth
of the atheroma is unlikely to be hemodynamically significant. Resection of
a portion of the arterial wall by an elliptical incision reduces the graft-ar-
tery circumference. Lateral distention of the graft when blood flow is re-
stored flattens the posterior wall of the artery. This brings the atheroma in
closer approximation to the anterior surface of the graft, thereby increasing
the potential for occlusion as the atheroma thickens.

Fig. 2.26a—c illustrates two methods for creating an end-to-side anas-
tomosis between a graft and a major artery (usually the aorta). The tech-
nique shown in Fig. 22.6a and b encloses a portion of the arterial wall
within the jaws of a partially occluding clamp. The purpose of this tech-
nique is to preserve blood flow in the artery. Except for graft anastomosis
to the ascending aorta to bypass an innominate artery lesion, there are few
circumstances in the operations to be described where complete inter-

C

Fig. 2.24,a—-c. Anastomosis of a vein graft to a simple longitudinal arteriotomy.
a ‘‘cobra hood” shape of graft end; b ideal contour of completed anastomosis;
¢ cross section.
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Fig. 2.25,a-d. Anastomosis of a vein graft to an elliptical arteriotomy. a ellipti-
cal arteriotomy; b flattened graft with restricted stoma; ¢ cross section; d pos-
terior arterial wall pulled into stoma.

Fig. 2.26,a-c. Total vs. partially occluding arterial clamps. a applica-
tion of partially occluding clamp to aorta; b difficulty in insertion of
sutures; ¢ anastomosis simplified by separate occluding clamps.
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Fig. 2.27,a, b. Flanged fabric grafts. a method
of preparation; b appearance of anastomosis. a

28

ruption of blood flow is not tolerated in the time interval required for com-
pletion of an anastomosis. The disadvantages of this technique appear
most notably in the situation where it is most commonly used: anastomos-
ing the aortic segment of a bifurcated dacron graft to the side of the in-
frarenal aorta. The lateral surfaces of the aorta are compressed against one
another. Unless one places the sutures close to the edge of the aorta, a
technique not advised for this anastomosis in a diseased aortic wall, it is
difficult to avoid inclusion of the opposite side of the aorta within the su-
tures. Furthermore, the intima of the aorta is usually grossly diseased with
atherosclerosis and is vulnerable to disruption and fragmentation at the site
of application of the partially occluding clamp. Unless one applies an addi-
tional completely occluding clamp when the flushing maneuvers are per-
formed, intimal fragments may be swept away to lodge in the distal arterial
tree after release of the partially occluding clamp.

Fig. 2.26c illustrates the preferred technique. Totally occluding
clamps are placed proximal and distal to the aortotomy. The sides of the
aorta tend to open widely, and loose debris within the aorta can be flushed
or irrigated free. Each suture may be applied deeply into the wall of the
aorta under clear vision and away from the opposite arterial wall. The final
flushing maneuvers can be performed by alternate release of the distal and
proximal clamps before forward blood flow through the aorta is restored.

Fig. 2.27a and b illustrates the useful technique for anastomosing a tu-
bular fabric graft to the side of the aorta when a small graft is necessary to
match the size of the artery to which it is to be connected distally. One
example is an aorta-to-celiac graft where a 6-mm graft is the appropriate
size. The graft is cut from a 12 x 6 bifurcation graft preserving a flange of
its aortic segment. The flange allows for the rapid placement of deep su-
tures in the aortic wall without the risk of narrowing the stoma.

Placement of aortorenal grafts in patients with renal artery athero-
sclerosis is a common revascularization technique. The wall of the aorta is
usually thickened by atherosclerosis. A 5-mm tubular graft that conforms
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to the size of the outflow artery is often difficult to anastomose to the aorta.
The procedure is simplified by using a flanged graft cut from a 10 x 5 bifur-
cation graft. A generous ellipse can be removed from the aortic wall. A
flange of greater dimension than the one shown (Fig. 2.27) is created by
including more of the contralateral iliac and aortic fabric to match the di-
mensions of the opening in the aorta. When sutured in place the flange be-
comes, in effect, a patch on the aorta with a graft emerging from its center.
The sutures are easy to apply and the suture line is removed from the zone
of turbulence at the point of exit of the graft.

Endarterectomy

The various techniques for performing endarterectomy are described in
connection with specific operations, but certain general comments are ap-
propriate for inclusion in this section. Endarterectomy can be performed
only in arteries in which atherosclerosis has produced cleavage planes in
the arterial wall. The correct cleavage plane for endarterectomy is illus-
trated in Fig. 2.28a and b. Pathologic sections of the specimen with appro-

Endarterectomy

Fig. 2.28. a The usually
preferred tissue plane for en-
darterectomy. b Endarterec-
tomy in progress. Note the
color of the inner surface of
the portion of the artery
where the intima has been
partially removed. Tissue
tags between the specimen
and the arterial wall will need
to be picked away before the
arteriotomy is closed.
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priate staining discloses atherosclerotic intima and a thin layer of the inner-
most fibers of the media. In this plane the dissecting instrument encounters
little or no resistance. The surface of the residual media is smooth and has
the brownish-red color of muscle tissue. A more shallow plane entirely
within the intimal layer is usually equally simple to dissect (Fig. 2.29a and
b). The inner surface of the residual arterial wall has the pale yellow hue of
an atheroma. Endarterectomy in this plane may invite the early recurrence
of luminal obstruction. Fig. 2.30 illustrates a deep subadventitial dissection
plane. Dissection in this plane is met with resistance, and the inner surface
of the arterial wall is ragged and thin and susceptible to disruption.

The ideal distal endarterectomy end point is at a point where the
atheromatous lesion comes to an abrupt end. In the most favorable situation
the atheroma usually ends in a tapered point. The intima bordering the point
and beyond will be normally adherent to the underlying media. As the dis-
section plane is developed in the customary plane, the fina<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>