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Introduction 
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1 
Current State of Noninvasive 
Vascular Study: Carotid Artery 

D.E. STRANDNESS, JR. 

When ultrasonic duplex scanning was introduced in 1974, the site to which 
it was first applied was the carotid artery.1 This was due to the fact that the 
artery is close to the skin, is frequently involved by atherosclerosis, and 
commonly studied by arteriography. It was the ideal testing ground for the 
feasibility of this new technology. The application involved development of 
velocity criteria for grading the degree of stenosis and its verification by 
arteriography.2 This process produced several interesting results that are of 
great importance and include the following: (1) stenoses and occlusions 
could be detected and graded with a high sensitivity and satisfactory posi
tive predictive value; (2) arteriography, while considered to be the gold 
standard, was shown to be less than perfect in documenting the degree of 
involvement; (3) ultrasonic duplex scanning was usable by technologists 
once they became familiar with imaging and Doppler methods; (4) the test 
was sufficiently sensitive and specific to permit its use for a large and di
verse group of patients. 

The patients who deserve study by duplex scanning include the fol
lowing: 

1. The asymptomatic patient found to have a cervical bruit. 
2. Patients with transient ischemic attacks and strokes. 
3. Patients who are to undergo major cardiac and noncardiac operative 

procedures and found to have a bruit in the neck. 
4. Patients who present with symptoms and/or signs of vertebro-basilar 

insufficiency. 
5. Patients who have undergone carotid endarterectomy and present with 

new symptoms and/or signs. 
6. Patients with documented carotid artery atherosclerosis who are being 

assessed for progression of disease. 

1 
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Diagnostic Criteria 

The evolution of duplex scanning to its current status required the develop
ment of velocity criteria for normal carotid bifurcation and when it became 
involved by atherosclerosis. It is important to keep in mind that the carotid 
bulb is a very unique bifurcation. It is the only place in the arterial system 
where there is a dilatation at a branch point such as the carotid bifurcation. 
This is important for two reasons: (1) it produces unusual flow patterns that 
must be recognized since they can be misinterpreted as abnormal; and (2) 
it is in the postero-Iateral aspect of the bulb where atherosclerosis first 
develops. 

As flow enters the carotid bulb into the dilated region, flow will be very 
complex with an area of recirculation that develops in the postero-Iateral 
aspect. 3 Flow in this region will actually reverse. This is referred to as the 
region of boundary layer separation. Flow is antegrade near the medial 
wall and the flow divider. The area of flow separation will change in size 
during each heart cycle. These complex flow patterns must be recognized 
as a normally occurring phenomenon. 

The flow patterns in the bulb can be recognized in two ways. If the sam
ple volume of the pulsed Doppler is placed near the flow divider, flow will 
be antegrade during the entire pulse cycle. However, when the sample 
volume is moved a few millimeters into the zone of boundary layer separa
tion, the forward-reverse flow patterns can easily be discerned. For the 
experienced technologist, this is not difficult to document. With the availa
bility of color, this can be more easily demonstrated. Since the convention 
is to have flow in arteries be depicted in red and veins in blue, the flow 
during systole near the flow divider will be red, but in the separated zone it 
will be blue. When these flow patterns are observed, it is sufficient to rule 
out the presence of atherosclerosis in the bulb. This is very important since 
the presence of bounding layer separation in the bulb of patients who pre
sent with ischemic events essentially rules out this region as a cause of the 
problem. 

When atherosclerosis develops, it will start in the bulb. If it remains 
confined to that region, it is usually benign since it is usually a fibrous 
plaque with a smooth intact covering. However, when the plaque prog
resses the lesion undergoes degenerative changes to become a compli
cated lesion. These advanced lesions can lead to the serious complications 
that we are familiar with and include transient ischemic events, stroke, and 
total occlusion of the internal carotid artery. 

When the disease develops in the bulb, the unusual flow patterns associ
ated with boundary layer separation will not be observed. This is a sign that 
the bulb is occupied by atheroma. If the lesion does not extend beyond the 
limits of the bulb, flow to the brain via the internal carotid artery is not 
impaired, and there will be very little to no flow disturbances produced. 
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These lesions are rarely of clinical significance since it is unusual for this 
degree of involvement to lead to a clinical event. 

When the plaque begins to extend beyond the limits of the bulb and 
impinge on the region where the antegrade flow to internal carotid artery 
normally occurs, flow disturbances will be produced and recognized by the 
presence of spectral broadening.4 If the peak systolic frequency recorded 
does not exceed 4 MHz (using a 5 MHz pulsed Doppler at a 60 degree 
angle), the lesion is classified as a 16-49% stenosis. If one is using angle 
adjusted velocity as the parameter, the frequency shift would be equivalent 
to 125 cms/sec. 

When the plaque progresses further, producing increased narrowing, the 
peak systolic velocity will correspondingly increase above the 4 MHz fre
quency shift and the 125 cms/sec velocity value.4 The stenosis will then be 
classified into a 50-79% category. With this degree of narrowing the end
diastolic frequency remains below 4.5 KHz. This would correspond to 145 
cms/sec when angle adjusted velocity is used. This is considered to be a 
pressure and flow reducing lesion but is not generally considered to be a 
pre-occlusive lesion. 

With a continued enlargement in the size of the plaque, there is a further 
increase in both the systolic and end-diastolic velocity.5 For the 80-99% 
stenosis category, the major criterion used is the end-diastolic velocity 
which exceeds 4.5 KHz or 145 cms/sec in absolute terms. These lesions are 
often referred to as pre-occlusive since they frequently lead to total occlu
sion. 

The totally occluded internal carotid artery is relatively easy to detect if 
simple rules are followed during the course of the examination. Normally, 
70-80% of the flow in the common carotid goes to the brain, which is a low 
resistance organ. As a result, the end-diastolic velocity in the common 
carotid artery will normally be above zero. When the internal carotid 
artery becomes occluded, the resistance now "seen" by flow in the common 
carotid artery is much higher, and end-diastolic flow will now go to zero. 
This should be the first hint that the internal carotid artery may be totally 
occluded. Further confirmation can be obtained by the failure to detect any 
flow in the internal carotid artery. Color may be of some assistance here 
but it must be remembered that the residual channel in a very tight stenosis 
may be difficult to find and demonstrate. It is important for the examiner to 
look beyond the bulb to determine if any flow at all is present. Other in
dicators that can be of value include an apparent increase in flow in the 
contralateral carotid artery. This occurs because this artery is now serving 
as the major supplier of blood to both hemispheres. 

When the results of duplex scanning have been compared against arte
riography, the sensitivity has consistently been above 90%. The specificity 
in the earliest studies was as low as 37%.6 This was due to the fact that 
the unusual flow patterns associated with boundary layer separation were 
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not recognized as being normal. Once we determined the basis of these 
flow changes, the specificity improved so that at the present time it is also 
greater than 90%. This level of sensitivity and specificity makes duplex 
scanning a good method for studying populations with a low prevalence of 
disease as well as one where the prevalence is expected to be quite high. 

Role of Color Doppler 

The latest innovation in the field of duplex scanning has been the addition 
of color to the systems. Color has appeal since it permits the observer to 
immediately assess the location of the vessels of interest. Another advan
tage is that variations in the anatomy of the vessels and their position rel
ative to each other will be immediately evident. For example, coils and 
kinks may be readily seen, which makes the interpretation of the velocity 
changes more certain. In the current systems a change in velocity is noted 
by a change in the hue of the color. By convention, it is also possible to 
determine the direction of flow since flow in one direction is assigned one 
color while the reverse flow component is assigned another. It should not 
be unexpected that arterial flow would be presented in red with venous 
flow in blue. However, one must be careful in interpreting color changes, 
since any change in the angle of incidence of the sound beam with the 
vessel will also result in a frequency shift change that does not reflect a true 
change in velocity. This can be subtle and the observer must be aware of 
this potential problem. It is also known that aliasing can occur with color as 
it can with standard pulsed Doppler technique when the Nyquist limit has 
been exceeded. 

Our current use of color in the carotid artery is to use it as the road map 
for the vessels but to continue to use the standard velocity criteria for mak
ing a diagnosis of the degree of stenosis as noted above. Until such time 
that precise color criteria are developed to replace the standard method, 
we strongly urge users to stick with the time-proven approaches that have 
been validated against contrast arteriography. 

Applications in Practice 

The theoretical advantage of an excellent screening test is that it might be 
used to identify those patients who are at risk for developing an ischemic 
cerebrovascular episode. Hopefully, therapy could then be applied to pre
vent such an event from occurring. The most controversial patients are 
those who are asymptomatic but are found to have a bruit in their neck. 
What does one do with these patients? Should one be aggressive or simply 
ignore the finding? If one adopts an aggressive stance, the future course of 
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events depends entirely upon the extent of involvement in one or both 
carotid arteries. If duplex scanning were not available, the only method of 
determining the degree of involvement with certainty would be arterio
graphy. This would result in a large number of unnecessary studies being 
performed, since at least 90% of those performed would lead to the discov
ery of lesions that should be treated conservatively. The only lesions that 
deserve careful consideration for operation in asymptomatic patients are 
those with a >80% diameter reducing stenosis.7 When these are found 
there is evidence that progression to total occlusion is common within the 
first few months after discovery of the lesion. If the internal carotid artery 
does occlude, the chance of the patient sustaining a stroke is in the range of 
25%. 

Plaques that narrow the artery by less than 80% are safe to follow be
cause the event rate is small, being about 4% per year.? The one situation 
that remains worrisome is the patient with an occlusion of one internal 
carotid artery and a 50-79% stenosis of the other carotid artery. The prob
lem here is that the natural history of this combination of lesions is poorly 
understood. In some cases, it might be preferable to proceed directly with 
carotid endarterectomy to preserve the patency of the internal carotid 
artery. On the other hand, if a conservative course is followed, I would 
strongly recommend that repeat duplex scans be done every three months 
to determine stability of the lesion. If progression to an 80-99% stenosis 
occurs, the patient should be considered a candidate for prophylactic 
carotid endarterectomy. 

For plaques that narrow the internal carotid artery by <50%, it is very 
safe to simply follow the patients. An unanswered question relates to how 
often these patients should be followed with repeat duplex scans. My prac
tice at the moment is to do a repeat study every 12 months. This would 
appear to be cost-effective and safe in terms of a progression rate from a 
<50% to a >50% stenosis, which is 8% per year. 

For symptomatic patients, the need for duplex scanning is often raised, 
since many of these patients will likely undergo arteriography anyway. Du
plex scanning can be useful for the following reasons: (1) it provides useful 
information for the neuroradiologist in planning the study (for example, if 
very little disease is found on the duplex scan, it may be helpful to obtain 
multiple views of the bulb and internal carotid artery for better visualiza
tion); (2) the duplex scan will provide the necessary baseline data for 
follow-up studies, since it is clear that arteriography cannot be used for 
such purposes; and (3) the duplex study may provide enough information 
to forestall the need for arteriography. For example, if the internal carotid 
artery were found to be occluded, there would be no need to proceed with 
the contrast study. However, if there is any question at all about the status 
of the internal carotid artery in terms of patency, it is important to verify its 
status with the contrast study. 
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The role of carotid endarterectomy has been a source of great concern 
and controversy. 8 While numerous surgical series have been published 
showing that the operation can be performed with a perioperative stroke 
and mortality rate that is under 5%, this has not been accepted by many in 
the neurological community. 9 This is due to the fact that some community 
experiences and the report of the RAND Corporation have shown that the 
perioperative morbidity and mortality rates were too high, making the role 
of the operation more suspect as a method of preventing stroke. In addi
tion, since only historical controls were available, the possible benefit of 
the operation was uncertain. 

This skepticism led to the mounting of several randomized clinical trials, 
which included the Veterans Administration Asymptomatic trial (V AA T), 
the North American Symptomatic Carotid Endarterectomy trial (NAS
CET), and the trial with asymptomatic patients (ACAS). The VAAT trial 
has completed all phases except data analysis and follow-up, scheduled for 
completion in the spring of 1991. 

The NASCET trial has been under way for three years. Recently, it was 
determined by interim analysis that the subset of symptomatic patients 
with a 70% diameter reducing stenosis or greater had a much better prog
nosis when treated by operation. In fact, this part of the trial has now been 
terminated and has led to the distribution of a national medical alert by the 
NIH announcing this finding.1O This will have a profound effect in this 
country and has special importance to those who use duplex scanning as a 
method of screening symptomatic patients. 

There are two aspects of the trial findings that can be usefully applied in 
the practice of stroke prevention. If a patient is symptomatic with a TIA or 
stroke, the finding of a high grade stenosis on duplex scanning will require 
arteriography and subsequent carotid endarterectomy. On the other hand, 
the finding of a lesser lesion will in all likelihood be followed by treatment 
with aspirin until such time that operation has been proven to be of greater 
benefit in this subset of patients. It is unlikely that contrast arteriography 
will be required in this group if the accuracy of the testing falls into the 
acceptable range as noted above. 

There are other implications for the group with lesions that are less than 
70%. This group should be followed, since if they progress to a greater 
degree of stenosis, then operation would appear to be justified. This will 
require repeat duplex scans to be done since arteriography cannot and 
should not be used on a repetitive basis to make this determination. The 
follow-up interval remains to be determined, but based upon the initial 
findings and the degree of narrowing, it is possible to make some tentative 
recommendations. For lesions narrowing the artery by >50%, there 
should probably be a restudy at least every six months to assess the stability 
of the lesion. For lesions less than 50%, it is probably safe to restudy the 
patients every 12 months. However, if the patient remains symptomatic or 
has recurrent events on aspirin therapy, one should adopt an aggressive 
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stance with regard to use of endarterectomy to remove the focus of the 
problem. 

Another group of patients that have been the subject of some con
troversy are those who are to undergo major cardiac or noncardiac surgery 
and who are noted to have a bruit in their neck. ll These patients are a 
problem because of the perceived increase in risk of a stroke when they 
undergo their major operative procedure. The studies done on these pa
tients would suggest that they are not at greater risk for a stroke and that 
their primary reason for operation should be taken care of first, with one 
exception, and that is when the patient is also symptomatic from their 
carotid artery atherosclerosis. 

In the case of coronary artery disease, the greatest risk for life is with the 
coronary arteries and not the carotid arteries. Thus, even if one were 
aggressive in treating a carotid lesion in this setting, it would be important 
to still treat the heart disease first and the carotid artery at a later date. 
Thus, a preoperative duplex scan is helpful since it will provide the neces
sary information upon which to plan the course of therapy. It must be 
remembered that there is no evidence that the coronary artery bypass 
grafting has an adverse effect on carotid artery atherosclerosis that could or 
should increase the risk of stroke. When stroke occurs in the setting of 
coronary bypass surgery, it is likely to be secondary to emboli that develop 
during the clamping of the aorta for placement of the vein grafts. 

One area which remains very difficult to evaluate with duplex scanning is 
vertebrobasilar insufficiency. While there is no doubt that subclavian ste
nosis and/or occlusion can be detected with a high degree of certainty along 
with reverse flow in the vertebral artery, this is commonly observed in 
patients who are free of symptoms.12 It is also difficult to determine with a 
high degree of certainty whether the symptoms that occur are in fact due to 
ischemia of the posterior fossa. 
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2 
Current Status of Noninvasive 
Studies for Extremity Arterial and 
Venous Disease 

RICHARD F. KEMPCZINSKI 

Despite more than 30 years of clinical experience, noninvasive testing of 
patients with extremity arterial disease remains controversial. Some have 
suggested that noninvasive testing may be no more accurate than an ex
perienced clinician in diagnosing arterial occlusive disease and therefore is 
an unnecessary addition to the already high cost of patient care and a dis
incentive to the development of clinical acumen by surgical trainees. 1 

Although an experienced examiner can usually document the presence 
of extremity arterial occlusion, clinical examination alone may be mislead
ing in certain situations; e.g., when there is concomitant neuropathy.2 
Furthermore, since many patients with extremity pains are initially seen by 
physicians who may be inexperienced in managing vascular disease, the 
noninvasive laboratory can provide objective confirmation of their clinical 
impression and assure prompt and appropriate triage of such patients. In 
much the same way that measurement of brachial blood pressure has be
come invaluable in the detection and management of hypertension, 
measurement of lower extremity systolic pressures provides the clinician 
with objective documentation of the regional hypotension that is the hall
mark of arterial occlusive disease. Certainly, few would question the im
portance of noninvasive testing in the diagnosis of extremity deep venous 
thrombosis, an area where clinical diagnosis is notoriously inaccurate. 

Apart from merely documenting the presence of vascular disease, 
noninvasive testing is useful in relating an anatomical lesion to its resulting 
functional derangement. This is especially important in patients with di
abetes mellitus where hemodynamic data are critical in categorizing the 
severity of resting extremity symptoms. It may also be valuable when there 
are multiple, in-series occlusions whose relative hemodynamic significance 
must be assessed to plan appropriate arterial reconstruction. 

Noninvasive tests may also be used to help focus subsequent angio
graphy. Knowing in advance the location of hemodynamically significant 
lesions, the radiologist can alter his planned approach to better visualize 
the areas of clinical interest. By contrast, failure to demonstrate a lesion 

9 
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consistent with the patient's symptoms may avoid unnecessary arterio
grams.3 

Patients can also be followed more carefully in the vascular laboratory 
than is possible with clinical examination alone. The results of nonopera
tive therapy can thus be objectively documented and potential disease 
progression detected even before the patient appreciates clinical deteriora
tion. Furthermore, since distal pulses may be absent even after a successful 
proximal reconstruction, and incisional pain or coexistent neuropathy may 
create a confusing clinical picture, the need for hemodynamic parameters 
is especially important in the perioperative assessment of patients. 

Extremity Arterial Disease 

Although there is no consensus regarding which procedures are most 
appropriate for the evaluation of extremity arterial insufficiency, a few 
generalizations appear warranted. As in other areas, a combination of tests 
is often more sensitive than any single test used alone, and therefore most 
laboratories generally use at least two of the procedures described below. 
However, when a single test clearly establishes the diagnosis, additional 
tests in such cases are redundant and decrease specificity. The practice of 
routinely performing a battery of tests, regardless of the clinical situation, 
is not cost effective and should be condemned. 

In addition, noninvasive tests may be classified as Indirect if they identify 
the presence of disease by detecting some physiologic or hemodynamic 
alteration that is the result of the arterial lesion, or Direct if they interro
gate the lesion itself, characterizing its extent and appearance. Over the 
last several years, there has been a general movement away from indirect 
tests with a proportionly greater reliance on direct studies. 

As credentialing agencies have begun to look at the Noninvasive Vascu
lar Diagnostic Laboratory, they have identified certain Primary test, which 
they expect to be available in any laboratory wishing to study patients with 
certain type of vascular disease, and Secondary tests, which might add im
portant physiologic information to the assessment but which, by them
selves, are not sufficiently accurate to establish the diagnosis. 

Finally, since chronic arterial occlusions may be very well compensated 
under resting conditions, persons with exercise-related complaints should 
usually undergo some form of stress testing to confirm and accurately 
quantitate the extent of their disability. 

Doppler Arterial Survey 
By surveying an accessible peripheral artery with a simple, hand-held, con
tinuous wave Doppler velocity meter, an experienced examiner can often 
derive a surprising amount of useful information. Although a multiphasic 
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Doppler signal in a distal vessel strongly suggests that the proximal arterial 
tree is unobstructed, such information is very qualitative and quite subjec
tive. However, the presence of such a signal at the ankle in a patient with 
equivocal symptoms often prompts us to shorten our formal extremity 
evaluation to a simple measurement of the ankle/brachial index (ABI). 
Furthermore, the presence of an audible Doppler signal in any vessel de 
facto confirms its patency and should warrant an aggressive, radiologic 
effort to document its presence even when it may not have been seen on 
routine angiography. Although this technique is direct, its subjectivity 
make it a secondary procedure that should never be the sole basis for di
agnosis. 

Segmental Limb Pressures 
The measurement of multilevel, segmental, systolic pressures is probably 
the most generally accepted and widely applied technique for documenting 
extremity arterial occlusive disease. Although indirect, it is simple, repro
ducible, inexpensive, and well accepted by patients. More data have been 
reported using this technique than virtually any other in the vascular di
agnostic armamentarium, yet it is subject to numerous shortcomings. 

Although it is usually accurate in establishing the presence of arterial 
occlusion, it is much less satisfactory for localizing the responsible lesions. 
Aortoiliac disease is particularly difficult to identify and quantitate in the 
presence of concomitant superficial femoral artery occlusion. Even when 
separate, narrow, high and low thigh cuffs are used, the location of such 
multisegmentallesions is, at best, correctly predicted in only 78% of the 
extremities studied.4 Brener et al. found that 55% of patients with angio
graphically proved aortoiliac stenosis had normal proximal thigh indices, 
while 31 % of those with occlusion of the superficial femoral artery, but no 
iliac disease, had a false positive thigh pressure, thus prompting them to 
conclude that segmental limb pressures (SLP) were incapable of accurately 
localizing lower extremity arterial occlusive disease. 5 In a similar study, 
Flanigan et al. compared direct intra-arterial measurement of femoral 
artery pressure to that obtained using wide and narrow thigh blood pres
sure cuffs. They found that overall accuracy in diagnosing aortoiliac disease 
was poor for both the wide (52%) and narrow (73%) cuff technique. 6 More 
recently, Lynch et al. documented a 97% sensitivity to aortoiliac disease 
and an 89% sensitivity to isolated femoropopliteal disease. However, in 
the presence of combined disease, the specificity to aortoiliac disease de
creased from 70% to 41 % and the sensitivity to femoropopliteal disease 
fell from 89% to 55%.7 

The distal monitoring site also influences the accuracy of thigh SLP when 
concomitant arterial occlusive disease is present below the groin. In 23% of 
patients with such multilevel disease, the upper thigh pressure was more 
than 15 mm Hg lower when a pedal artery was used to monitor return of 
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TABLE 2.1 Correlation between ankle systolic pressure (SLP), anklelbrachial index 
(ABI) and clinical severity of extremity ischemia. 

Claudication 
Rest pain 
Gangrene 

SLP(mm Hg) 

70-100 
<50 

0-30 

ABI 

0.5-0.8 
0.3 

<0.2 

blood flow compared to a similar measurement using the popliteal artery. 8 

Furthermore, in patients with diabetes mellitus or chronic renal failure, the 
vessels may be so heavily calcified that they are virtually incompressible, 
thus making the measurement of SLP meaningless.9 Measurement of toe 
pressures in such patients may occasionally circumvent this problem. Even 
when measurements of ankle pressure can be made, there is significant 
variability between consecutive measurements in the same patient. Baker 
and Dix found a mean variation in the ABI of 0.18 and suggested that 
multiple baseline determinations should be obtained and that the index 
must change at least 0.15 before it can be considered significant.1o 

Because of these limitations, we do not use SLP to localize lower ex
tremity arterial occlusive disease but rather to categorize the degree of 
the patient's ischemia (Table 2.1). If the examiner remembers that such 
pressure changes may represent the sum of more than one lesion, mis
interpretation is less likely to occur. Although the limitations of SLP can 
be minimized by interpreting them in the light of the patient's history and 
physical findings, an additional diagnostic modality, such as wave form 
analysis, should be a part of every complete extremity arterial evaluation. 

Wave Form Analysis 
Two types of wave form analysis are presently in widespread use: Doppler 
velocity and pulse volume. Most laboratories that measure arterial velocity 
wave forms use a directional continuous wave Doppler equipped with a 
zero-crossing, frequency-to-voltage converter to produce an electric signal, 
which is then transcribed on a standard strip-chart recorder. In the lower 
extremity, tracings are usually obtained from the common femoral, pop
liteal, and posterior tibial arteries. Using different dimensional param
eters for the resulting wave forms, various authors have calculated the 
proximal damping quotient ,11 wave form index,12 pulse rise time,13 or pul
satility index14 in an attempt to derive quantitative data. However, Flani
gan et al compared the accuracy of femoral pulsatility index (FPI) to direct 
intra~arterial femoral pressure measurements in diagnosing aortoiliac dis
ease and found that FPI had a sensitivity of only 62% and a specificity of 
69%. They concluded that "FPI is not sufficiently accurate for its previous
ly suggested use as a clinical tool to differentiate hemodynamically signif-
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icant from hemodynamically insignificant aortoiliac occlusive disease." 15 

Aukland and Hurlow compared the pulsatility index in the pedal arteries to 
arteriography in 29 patients with symptomatic lower extremity ischemia 
and concluded that "absolute values of the pulsatility index in the pedal 
arteries indicate the cumulative effect of occlusive disease in the whole 
limb, and therefore are of little value in grading the popliteal-tibial 
segment. "16 

Processing the Doppler velocity signal through a zero-crossing detector 
can introduce artifacts into the velocity profile and is susceptible to distor
tion from radio frequency interference, probe movement, and flow in adja
cent veins. 17 Although all these concerns are theoretically valid, in the 
hands of an experienced technician this approach provides surprisingly use
ful data in most clinical situations. It also has the advantages of being readi
ly available in most institutions, applicable to a wide variety of clinical 
problems, and one of the least expensive of the noninvasive techniques 
presently offered. 

Nevertheless, if truly quantitative information is required, the Doppler 
signal must be processed by some other method, such as real-time fre
quency analysis. Using this technique, Johnston has been able to localize 
aortoiliac and superficial femoral artery occlusive disease with sensitivity 
greater than 80% and specificity greater than 95%. However, this ap
proach remains relatively complicated and has not been widely accepted. 

Regardless of the method used to process the Doppler velocity signal, 
several limitations persist: (1) considerable technical skill is required to 
produce consistent, artifact-free tracings; (2) the presence of excess fat, 
hematoma, or scar tissue around the vessel may significantly interfere with 
ultrasound transmission; (3) atherosclerotic plaque on the anterior wall of 
the vessel may make it difficult to obtain a diagnostically useful tracing; (4) 
in the presence of severe occlusive disease, the signal-to-noise ratio is low 
and one may be unable to obtain interpretable tracings, especially distal in 
the extremity; and (5) it is usually impossible to penetrate prosthetic grafts 
and obtain representative wave forms. 

In view of these limitations, we rely on pulse volume wave forms (PVRs) 
to help localize extremity arterial occlusions. They provide a better assess
ment of segmental limb perfusion, are less technician dependent, are not 
limited by vessel wall calcification, are readily and rapidly obtained using 
the same cuffs already in place for SLPs, and can be analyzed qualitatively 
with considerable accuracy.l8,19 

Stress Testing 

Although resting measurement of SLPs and PVRs usually provides clini
cally useful information, confusion arises when patients give a history sug
gestive of intermittent claudication but have borderline or even normal 
resting values. Furthermore, although such measurements may document 
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the presence and location of hemodynamically significant arterial lesions, 
they do not quantitate the resulting functional disability-information that 
may be critical in selecting patients for revascularization. When one ex
tremity is afflicted with symptomatic arterial occlusive disease, resting 
pressure measurements in the contralateral, asymptomatic limb may be 
deceptively normal. Laing and Greenhalgh studied 100 such limbs and 
found that 78% had normal resting ankle pressures. However, after a brief 
period of treadmill exercise, 41 % of these "normal" limbs had a definitely 
abnormal pressure response to exercise.20 

Reactive hyperemia can be induced using a variety of techniques. 
Although we generally prefer treadmill exercise, we also use temporary, 
pneumatic cuff occlusion of segmental limb blood flow in the following 
clinical situations: (1) when walking is precluded by the patient's overall 
condition or by the presence of a previous amputation or foot lesion; (2) 
when one extremity is so severely symptomatic that the contralateral "nor
mal" leg cannot be sufficiently stressed; or (3) when an upper extremity 
vessel is being evaluated as a possible donor source for an extra-anatomic 
bypass graft. In the latter case, exercise is difficult to standardize and cuff
induced ischemia is equally effective in assessing the vessel's potential to 
deliver the additional blood flow. 

Except in the above situations, we study all persons who have exercise 
related lower extremity complaints before and after standardized treadmill 
walking. Depending on the patient's age and agility, the treadmill is set at a 
speed of 1~ or 2~ miles/hr and an incline of 10 degrees. Patients are exer
cised for five minutes or until they are forced to stop because of local or 
general symptoms. Ankle pressures and PVRs are then recorded as quickly 
as possible to confirm a drop in perfusion pressure compatible with the 
patient's symptoms. 

We prefer exercise-induced reactive hyperemia because it duplicates the 
clinical setting in which the patient normally becomes symptomatic, it pro
vides objective quantitation of his disability, and it permits assessment of 
his total response to exercise, thus facilitating identification of patients who 
are more limited by musculoskeletal or cardiopulmonary disease than by 
their claudication. 

Duplex Scanning 
Although indirect hemodynamic tests are useful in identifying the presence 
of arterial occlusive disease and roughly estimating its severity, they do not 
provide any of the anatomic information that will be needed in planning its 
correction, and they may not be sufficiently sensitive to predict impending 
failure of infrainguinal arterial reconstructions. However, the duplex scan
ner, which combines the anatomical data of a real-time, B-mode imager 
with the hemodynamic information derived from spectral analysis of the 
pulsed Doppler velocity wave form (Table 2.2), may prove more useful, 
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TABLE 2.2 Duplex scan criteria for estimating the severity of peripheral arterial 
stenoses.21 

Grade 

Normal 

1-19% Stenosis 

20-49% Stenosis 

50-99% Stenosis 

Occlusion 

Triphasic waveform 
No spectral broadening 
Slight spectral broadening 

Criteria 

PSV <30% greater than adjacent proximal segment 
No spectral "window" 
PSV <100% greater than adjacent proximal segment 
PSV > 100% greater than adjacent proximal segment 
Reverse velocity component absent 
Distal signal monophasic with reduced PSV 
No flow in imaged artery 
Monophasic "thump" proximal to lesion 
Monophasic waveforms and decreased PSV in distal artery 

PSV = peak systolic velocity 

especially in evaluating the aortoiliac segment.21 Its ability to distinguish 
high grade stenosis from occlusion and to detect hemodynamically insig
nificant disease is unique among noninvasive tests and represents the first 
practical means for longitudinally following discrete arterial lesions. 

Angiography has long been considered the "gold standard" in the detec
tion of extremity arterial occlusive disease. Yet, because it provides only 
two-dimensional information, it can be significantly misleading and it pro
vides no physiologic data on the functional significance of the various 
lesions seen. Furthermore, it is expensive, invasive, poorly tolerated by 
patients and not suitable for long-term follow-up. Duplex scanning may 
potentially overcome all of these limitations. In a recent report, color flow 
duplex scanning was used to "map" the iliofemoral and femoral popliteal 
segments in 61 patients being evaluated for laser angioplasty.22 When the 
findings on duplex were compared with traditional angiograms as the "gold 
standard," specificity and sensitivity were excellent. (Table 2.3) 

Duplex scanning has proved to be an accurate and reliable noninvasive 
method for following infrainguinal autogenous bypass grafts. Green et al. 
followed 177 patients with infrainguinal grafts and considered a duplex 
scan of the bypass abnormal if peak systolic flow velocity (PSV) was> 120 
em/sec or <40 cm/sec.23 No patient in this study with abnormal ABI and 
duplex scan suffered sudden graft occlusion prior to the next study. If the 
duplex scan was abnormal but the ABI was normal, the incidence of sud
den graft occlusion was 4%. By contrast, if both the duplex scan and ABI 
were abnormal, the risk of graft occlusion was 66%. Sladen et aI. also 
found that PSVs >300 em/sec or three times the velocity in the adjacent 
normal graft were very sensitive in identifying the failing graft.24 Mills et 
aI. performed a similar study on 379 infrainguinal reversed vein grafts and 
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TABLE 2.3 Comparison of traditional angiography and color flow duplex scanning 
when used to "map" the lower extremity arterial tree.22 

Normal vs abnormal 
50% Stenosis 
Occlusion 

Sensitivity 

96% 
99% 
99% 

Specificity 

83% 
87% 
81% 

found that only 2.1 % of grafts with a PSV >45 cm/sec in the graft failed 
within the next six months.25 By contrast, 12.6% of grafts with PSV <45 
cm/sec were found to have a stenotic lesion when studied with angiogra
phy. Somewhat surprisingly, only 29% of the grafts identified by duplex 
scan as failing were associated with a reduction of ABI >0.15. This study 
emphasizes the importance of a routine surveillance protocol utilizing 
duplex scan for all infrainguinal bypass grafts. 

The amplitude and the quality of the velocity waveform obtained in any 
given vascular graft will vary depending on the site where the recording is 
made, the presence or absence of significant tapering or narrowing along 
the length of the conduit, and the outflow resistance of the runoff vessels. 26 
For example, an in-situ vein graft usually tapers from proximal to distal. 
Accordingly, blood flow can be expected to accelerate along the length of 
such a graft and the highest flow velocities will be expected distally. By 
contrast, a reversed saphenous vein graft will generally show a decrease in 
flow along its length as the graft becomes progressively larger. Prosthetic 
grafts are isodiametric and PSV should be constant in such a graft. 

In the period following a successful lower extremity bypass, a hyperemic 
flow pattern with forward end-diastolic flow velocity (ED V) should be 
observed due to the low peripheral vascular resistance usually present. 
Within one to two months of operation, normal peripheral vascular resis
tance should return and a triphasic waveform should be seen. However, 
despite these differences in EDV, PSV should not change significantly. 

Typically, PSV is highest in femoropopliteal grafts with good runoff, in
termediate in femorotibial grafts, and least in grafts to isolated popliteal 
segments or femorotibial grafts with poor runoff. Despite the numerous 
factors that can influence PSV in successful vascular grafts, flow velocity is 
typically >45 cm/sec.26 However, a graft flow velocity between 35-45 cm/ 
sec has been described in some successful large diameter (>6 cm) in-situ 
grafts with very limited runoff. 

Transcutaneous p02 Measurement 
Transcutaneous measurement of tissue oxygen content (Tcp02) adds yet 
another dimension to the noninvasive evaluation of extremity arterial dis
ease, since it is capable of documenting the hypoxia that is the hallmark 
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of ischemic tissue and can thus provide information to supplement the 
hemodynamic parameters presently generated by most vascular laborato
ries. Although it has been used to classify patients into various clinical cate
gories based on the severity of their disease, this information is already 
available from hemodynamic studies. The greatest utility of TCp02 pres
ently appears to be in the assessment of diabetic patients with incompres
sible vessels and in predicting the healing potential of ischemic lesions or 
amputations. However, additional experience will be required to deter
mine not only the optimal technique for measuring TCp02 but also its clin
ical applications,27 although early experience suggests that it may become 
an important addition to most vascular laboratories. 

Conclusions 
Our routine evaluation for extremity arterial insufficiency includes: (1) 
resting SLPs and PVRs at three or more levels in each extremity; and (2) 
treadmill exercise in patients with exercise related complaints. For patients 
with a functioning infrainguinal bypass graft, the entire graft is initially 
scanned prior to discharge from the hospital. On subsequent follow-up 
visits, flow velocities are only monitored in the proximal, mid and distal 
thirds of the graft. Presently, we are not routinely scanning the native arte
rial tree at the time of initial evaluation. TcP02 measurement is reserved 
for patients being evaluated to predict the healing potential of extremity 
ulcers or planned amputations if the hemodynamic data is equivocal. 

Extremity Venous Disease 

Deep Venous Thrombosis 

The diagnosis of acute deep venous thrombosis (DVT) based on clinical 
criteria alone is notoriously inaccurate.28 Haeger29 found that 46% of pa
tients with the clinical diagnosis of DVT had normal ascending venograms. 
For many years, the gold standard for diagnosis of DVT was ascending 
venography. However, the expense, discomfort, and lack of repeatability 
of venography, coupled with its potential for initiating thrombosis, limits 
its usefulness as a diagnostic procedure.30,31 Given the frequent need for 
screening asymptomatic high-risk patients, an ideal noninvasive method of 
detecting acute DVT should be rapid, repeatable, well tolerated by pa
tients, and have high positive and negative predictive values. 

Most of the initial noninvasive tests for DVT were indirect and were 
based on the detection of hemodynamic alterations in the extremity distal 
to a more proximal thrombus. Although they represented a real advance 
compared to venography and were widely adopted, they were only mod
erately sensitive, especially to partially occluding thrombi, and were unable 
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to provide any anatomic information regarding the extent or the age of the 
thrombi. The recent availability of duplex venous scanning has overcome 
most of these objections and has led to broad acceptance of this technique 
for the diagnosis of DVT and the surveillance of high risk patients. In fact, 
the technique has been so well accepted by patients and physicians that few 
venograms are any longer ordered in most institutions where high quality, 
duplex venous scanning is available, thus making it difficult for many 
vascular laboratories to obtain sufficient numbers of venograms to validate 
the accuracy of duplex scanning in their own institution and to prospective
ly monitor the quality of their laboratory. 

IMPEDANCE PLETHYSMOGRAPHY 

Impedance plethysmography (IPG) has been reported to be a sensitive 
indicator of hemodynamically significant venous outflow obstruction.32 
The acknowledged limitations of IPG are both anatomic (inaccurate in the 
diagnosis of thrombi in calf veins) and patient dependent (high false posi
tive rate with obesity, congestive failure, external venous compression, and 
chronic DVT). Despite these recognized limitations, IPG has been the 
principal technique used for the diagnosis of acute DVT in most vascular 
laboratories. Even following the development of venous duplex scanning, 
there were theoretical reasons to believe that it would continue to be a 
useful adjunct to this direct technique. 

Impedance plethysmography depends upon changes in electrical im
pedance in an extremity following inflation and release of a proximal ven
ous tourniquet to diagnose the presence of compromised venous outflow. 33 
Thus, it provides indirect, hemodynamic data rather than anatomic evi
dence of venous obstruction. False negative results can occur with non
occlusive thrombi and with well collateralized thrombosis of the calf veins. 
False positive results occur with any condition limiting venous outflow, for 
example, extrinsic compression ofthe deep veins (tumor, pregnancy), pre
vious DVT with inadequate collateralization or recanalization, severe con
gestive heart failure with elevated venous filling pressures, etc. Lack of 
patient cooperation, obesity, arterial occlusive disease, and low ambient 
temperatures may also contribute to inadequate studies. 

lPG's theoretic advantage over venous scanning is its ability to detect 
suprainguinal thrombi in symptomatic patients. Although a high degree of 
accuracy has been reported by some investigators, there is significant 
variability in the results achieved at different institutions33- 38 (Table 2.4). 
Bilaterally abnormal studies are associated with acute thrombus in only 
26% of patients subsequently studied with venography.39 The hemodyna
mic abnormalities seen in the postoperative period40 contribute to the pos
sibility of false positive studies in this high risk population. Comerota et 
aI.37 documented that IPG is especially inaccurate as a surveillance tool in 
asymptomatic patients. 
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TABLE 2.4 Diagnostic accuracy of IPG compared with venography in selected 
series. 

# SENS SPE PPV NPV 
(%) (%) (%) 

Wheeler et aP3 78 80.0 60.4 48.8 86.5 
Flanigan et al34 207 90.1 75.7 66.0 93.6 
Moser et al3S 42 60.9 100 100 67.9 
Hume et al36 32 77.3 100 100 66.7 
Comerota et al37 308 49.0 85.0 80.0 58.0 
Patterson et al3S 49 75.0 44.8 48.4 72.2 

DUPLEX SCANNING 

Real-time, B-mode imaging of lower extremity veins provides a rapid, 
noninvasive, direct means of identifying acute DVT. The scan heads used 
in most laboratories permit complete interrogation of the infrainguinal, 
deep venous system in virtually all patients. However, inadequate depth of 
penetration and limited image resolution preclude routine assessment of 
the suprainguinal veins. 

Since Talbot41 first suggested that real-time, B-mode imaging could be 
applied to the diagnosis of DVT, several centers have accumulated exten
sive experience with this technique (Table 2.5).42-46 The patients are ex
amined in the supine position and an effort is made to visualize all the 
named veins below the inguinal ligament. The vena cava and the iliac veins 
usually cannot be interrogated unless the patient is quite thin. The criteria 
for a positive duplex scan include: demonstration of echogenic material 
within the lumen of the vein, noncompressibility of the vein, absence of 
demonstrable flow within the vein when interrogated with the Doppler, 
and failure of the vein to dilate with the Valsalva maneuver. Difficulties in 
interpretation arise in obese patients and in veins that are poorly compres
sible due to their anatomic location (superficial femoral vein at the adduc-

TABLE 2.5 Diagnostic accuracy of duplex scan compared with ascending 
venography. 

# SENS SPE PPV NPV 
(%) (%) (%) (%) 

Oliver42 28 80.0 95.0 95.0 87.5 
Hannan et al43 68 95.0 89.0 93.0 92.0 
Sullivan et al44 23 100 92.0 92.0 100 
Langsfeld et al4S 19 100 78.0 83.3 100 
Comerota et al46 110 96.0 93.0 96.0 96.0 
Patterson et al3S 64 88.9 91.9 88.9 91.9 
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tor hiatus, deep peroneal vein, etc.). The use of a lower frequency scan 
head (4 MHz) to interrogate the deep veins sacrifices resolution for the 
sake of deeper tissue penetration.47 

The combination of IPG and duplex scanning theoretically should repre
sent an ideal diagnostic pairing. The hemodynamic evaluation of the deep 
venous system provided by the IPG should compliment the anatomic in
formation obtained by B-mode imaging of the infrainguinal deep veins. 
The increased sensitivity of this combination should diminish the likeli
hood of missing potentially life-threatening thrombi. 

Unfortunately, clinical experience does not support this hypothesis. The 
improvement in sensitivity which occurred when IPG was combined with 
scan versus scan alone (95% vs 88.9%) was not statistically significant. 38 

Furthermore, the addition of IPG significantly diminished the specificity of 
duplex scan alone due to a large number of false positive tests. Although 
the majority of the false positives had an identifiable cause for their mis
interpretation (extrinsic venous compression, chronic venous obstruction, 
limb paresis, etc.), if therapy had been based on the results of the com
bined noninvasive tests, it would have resulted in the inappropriate treat
ment of more than half of the patients studied. 

Arguments in favor of continuing to use IPG are based on the inability of 
current venous scanners to detect suprainguinal thrombi. In our experi
ence, potential proximal disease "missed" by venous scan consisted of a 
single focal iliac thrombus associated with extrinsic compression of the 
vessel. 38 Thus, the occurrence of acute thrombi limited to the iliac veins 
without infrainguinal extension was uncommon and the venous scan accu
rately detected most thrombi despite its theoretical limitations. Certainly 
the high rate of false positive IPGs precludes treatment based on this tech
nique alone. By contrast, we feel that treatment may be based on venous 
scans with great confidence. If a negative scan occurs in a high risk patient 
in whom there is a strong clinical suspicion of proximal DVT, the appropri
ate diagnostic study is venography. 

Venous InSUfficiency 

Chronic venous insufficiency is a common clinical problem. Unfortunately, 
unlike the diagnosis of DVT, there is as yet no reliable noninvasive tech
nique for quantitatively assessing the severity of venous valvular dysfunction 
and localizing the site of valvular incompetence. The lack of a simple, 
readily available, accurate, noninvasive technique to objectively document 
and quantitate venous insufficiency of the lower extremities has hindered 
our understanding of the pathophysiology of this common problem, has 
restricted the selection of appropriate candidates for surgical correction 
and has limited our ability to access and follow the results of therapy. 
Direct measurements of ambulatory venous pressure have been used in 
clinical investigations of this problem, but these studies are cumbersome, 
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invasive, and impractical for routine clinical use. However, two tests, 
venous photoplethysmography and venous duplex, are sufficiently promis
ing to warrant further discussion. 

CONTINUOUS W A VB DOPPLER SURVEY 

Interrogation of venous valvular competence using a hand-held, contin
uous wave (CW) Doppler probe is a direct method for obtaining objective 
information regarding venous physiology. Unfortunately, this technique, 
although widely used, is very operator dependent and requires great ex
perience, patience and precision to obtain useful information. It is also 
limited by its inability to directly evaluate several important but inaccessi
ble veins such as the profunda femoris vein, the calf vein, or the soleal 
sinuses. In addition, many ofthe major, infrainguinal veins are duplicated, 
thus further increasing the potential for misdiagnosis. Given all of the 
above limitations, CW Doppler in not an adequate primary technique for 
the diagnosis of venous insufficiency. 

PHOTOPLETHYSMOGRAPHY 

The introduction of the photoplethysmograph (PPG )48 and the subsequent 
documentation that its alterations with leg exercise corresponded to similar 
changes in direct venous pressure measurements49 represented a major 
advance in the management of venous insufficiency. This technique pro
vided clinicians for the first time with a simple, noninvasive, objective 
method for studying the venous physiology in their patients and 
documenting the results of therapy. Using a transducer which emits in
frared light into the underlying tissue and measures the backscattered in
frared light, this technique indirectly gauges the cutaneous blood content 
in the dermal capillary network. Following a brief series of calf muscle 
contractions, there is a rapid fall in blood content of the skin. If venous 
valvular function is intact, refilling of the dermal capillaries (Venous Recov
ery Time, VRT) is gradual with VRT >23 seconds considered normal and 
VRT <20 seconds indicative of venous insufficiency.49 Unfortunately, a 
significant number (30%) of apparently normal, young patients with no 
clinical or physical evidence of venous insufficiency were found to have 
VRT <20 seconds.so Furthermore, even minor amounts of exercise prior 
to testing or other clinical conditions such as cellulitis, which might cause 
reactive hyperemia of the lower extremities, resulted in further shortening 
of the VRT. Thus, the VRT was found to be a function not only of venous 
valvular competence but also of the effectiveness of antecedent venous 
emptying and the arterial blood flow into the extremity. 

To develop a parameter that better reflected this complex interrela
tionship, several authors have suggested that the rate of venous recovery, 
rather than the absolute time, was a better measure of venous insuf
ficiency,SO that volume data must be normalized for variations in arterial 
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flOW,51 and that emptying the veins by elevation was preferable to re
liance on calf muscle contractions.51 Despite these improvements in the 
technique, PPG remains an indirect, hemodynamic test incapable of giving 
any of the anatomic information which necessary to select patients for sur
gical correction of their problem and appears to more accurately reflect 
superficial rather than deep venous insufficiency. 52 

DUPLEX SCANNING 

In an attempt to overcome the above objections, some investigators have 
recently used duplex scanners to study venous valvular function. Using an 
automatic cuff inflator for rapid inflation and deflation of pneumatic cuffs 
placed at different levels of the limb and a duplex scanner to record venous 
velocity time response proximal and distal to cuff inflation, van Bemmelen 
et al. found that the median duration of reflux in normal popliteal veins 
was 0.19 seconds, with 95% of the values being <0.66 seconds. 53 In distal 
areas, duration of reflux was short and uniform. Unfortunately, this study 
was limited to normal subjects and thus provides no information on what 
we might expect to find in patients with venous insufficiency. 

Using a similar technique, Vasdekis et al. studied 46 patients with symp
tomatic varicose veins. 54 The best separation between patients without and 
with liposclerosis and/or ulceration was produced by the measured venous 
flow at peak reflux. In limbs with skin changes, reflux (median ±90% toler
ance levels) was 30 mllsec; whereas in limbs without skin changes, it was 10 
mm/sec. Reflux > 10 mllsec was associated with a high incidence of skin 
changes (66%) irrespective of whether this was in the superficial or deep 
veins. Reflux <10 mllsec was not associated with skin changes. 

Although preliminary, these results are encouraging and suggest that 
duplex scanning may become an important part of the evaluation of pa
tients with venous insufficiency. It remains as yet unclear whether or not 
this technique will replace the volume-based indirect tests on which we 
have relied up to now or whether they will complement them. 

Conclusions 
Our laboratory currently relies on duplex scanning alone for the docu
mentation of venous thrombosis. We no longer perform indirect tests such 
as IPG or phleborrheography, since they do not increase the sensitivity of 
duplex scanning alone but significantly reduce its specificity when used in 
combination with the latter. However, in those laboratories where high 
quality duplex scanning is not currently available, indirect tests are far pre
ferable to clinical diagnosis and can provide valid objective data on which 
to base patient management. 

For the evaluation of venous insufficiency, we still largely rely on PPG to 
document venous reflux. If this study is consistently normal, we proceed no 
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further. If it is abnormal, we then perform dynamic duplex scanning to 
confirm the indirect study and to localize the site of valvular incompetence. 
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3 
History of Carotid Surgery: Present 
Status and Future 

ANTHONY M. IMPARATO 

The charge to present a history of carotid surgery can be daunting, raising 
the specter of pouring over dusty tomes in the dark recesses of libraries to 
compile lists of "firsts," as is ofteri done, and thereby establish one's right 
to claim erudition. To quote from a recently published volume on the his
tory of vascular surgery, Thomas Willis first recognized the significance of a 
totally occluded carotid artery in 1684 from his postmortem examinations, 
which led him to describe the configuration of the cerebral vasculature and 
the anastomotic circle bearing his name. The first recorded operations 
upon the carotid were done by Hebenstreit in 1793 and Abernathy in 1798 
for control of hemorrhage, while Astley Cooper performed the first carotid 
artery ligation for aneurysm in 1805.1 Such an approach admirably satisfies 
one of Webster's definitions of history: "an account of what has happened; 
narrative, story, tale." But there is another definition of history, viz., "a 
recording, analyzing, coordinating and explaining of past events."2 Can 
such an endeavor yield sufficient insight to predict future events, to guide 
the course of research to accelerate acquiring the understanding necessary 
to gain mastery over a human affliction that has probably had as profound 
an effect on the recent course of human events as any other? To illustrate, 
three of the major participants at the Yalta Conference in 1945 suffered 
ischemic strokes or were suspected of having occlusive carotid arterial 
disease,3 while at least three other 20th Century American presidents also 
experienced bouts of recognizable cerebral dysfunction characteristic of 
stroke syndromes: Wilson, Eisenhower and Johnson.4,5 Admittedly, prog
ress in stroke prevention has been slow when one realizes that King David 
(1050 B.C.) described the effects of a left hemispheric stroke, "Let my 
right hand wither, let my tongue affix to the roof of my mouth .... ",6 and 
that the ancient Greeks, namely Hippocrates (400 B.C.), understood that 
the carotid arteries were related to consciousness, that individuals who suf
fered "little strokes" would shortly suffer major ones. McHenry, in his 
volume Cerebral Circulation and Stroke, cites from the Hippocratic writ
ings, "unaccustomed attacks of numbness and anesthesia are signs of im
pending apoplexy." Apoplexy, in Greek, meant struck with violence, re-

26 
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suIting in paralysis of some or all parts of the body. 7 Thereafter, there 
followed more than 20 centuries of intellectual struggle to understand and 
explain the pathogenesis of stroke syndromes until Chiari in 1905 empha
sized the role of extracranial occlusive arterial disease in the production of 
neurologic symptoms and emphasized the frequency of carotid bifurcation 
atherosclerotic disease and atheromatous embolization as their direct 
cause.s 

In 1914 Ramsay Hunt described the role of carotid artery occlusion in 
the production of symptomatic vascular lesions of the brain,9 and of 
course, Miller Fisher in the early 1950s not only reemphasized the role of 
the carotid arteries in the causation of stroke but provided admirable de
scriptions of carotid pathology. Great credit goes to Dr. Fisher, a neuro
logist, for suggesting the possibility that surgical intervention upon the 
carotid bifurcation might be an effective therapeutic modality in stroke 
prevention.10,11 Thereafter, it was a foregone conclusion that one or more 
enterprising surgeons would take up the challenge offered by Fisher and 
attempt to deal surgically with carotid bifurcation occlusive atherosclerotic 
disease. Carrea, Molins and Murphy, 1951 in Argentina, resected the 
stenotic segment of an internal carotid artery of a 41-year-old man who had 
suffered recent aphasia and right hemiparesis and performed end-to-end 
anastomosis between the external and distal internal carotid arterie. 12 In 
1953 Strully, Hurwitt and Blankenburg at the Montefiore Hospital in New 
York unsuccessfully attempted to perform thromboendarterectomy of the 
totally occluded internal carotid artery of a 53-year-old man who suffered 
bouts of left-sided hemispheric cerebral transient paralysis,13 while in that 
same year Dr. Michael DeBakey successfully performed thromboendar
terectomy of the common and internal carotid arteries of a 53-year-old 
man who suffered repeated attacks of transient left-sided cerebral hemi
spheric strokes. He did not, however, report this experience until 1975, 
three years after the patient died from unrelated causes, neurologically 
intact, having suffered no additional small strokes.14 

The most profound effect upon carotid surgery, however, resulted from 
the operation reported by Eastcott, Pickering and Rob, who on May 19, 
1954, operated upon a 66-year-old woman and performed resection of the 
left carotid bifurcation with end-to-end anastomosis between the common 
and internal carotid arteries. The details of this endeavor illustrate many of 
the subsequent concerns associated with carotid surgery. Their patient, 
who had experienced 33 left-sided small strokes and transient monocular 
blindness and who was shown by angiography to have total occlusion of 
the left internal carotid artery, was operated upon under general body 
hypothermia, made an uneventful recovery15 and was relieved of her 
attacks for over 20 years. 

Thereafter, although there were sporadic attempts to reconstruct the 
carotid bifurcation with arterial homografts (Denman 1954)16 and auto
logous saphenous vein (Lin 1955)17-probably greatly influenced by 
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Wylie, carotid endarterectomy became the most commonly performed op
erative procedure for carotid bifurcation atherosclerotic disease. The tech
nique of endarterectomy had been described by Dos Santos in 1947,18 yet it 
was nearly a decade before it was generally appreciated that the sharply 
localized and limited extent of the carotid bifurcation plaque made it ideal 
for removal by endarterectomy. 

This severely abbreviated account of the events leading to the more re
cent history of carotid surgery for stroke fails to deal with the dramatic 
events which have occurred in the four decades since the first successful 
operation by Carrea and associates. 

A number of excellent references listed in the bibliography provide 
greater detail of the early history of carotid surgery.1,19-22 All, however, 
fail to deal with the events which have occurred since the acceptance of 
carotid surgery as a viable therapeutic endeavor. It is upon this phase of 
history that I shall dwell. 

Over 3,000 years of astute observations of the anatomy and pathology of 
the cerebral circulation, of insightful clinical-pathological correlations, and 
of daring surgical endeavors by individuals too numerous to mention cul
minated in the state of the art as it was four decades ago. By then the 
relationship of the extracranial cerebral arteries to cerebral function, their 
role in the causation of transient cerebral symptoms and catastrophic 
strokes, and the ability of surgeons to successfully deal with occlusive 
lesions and eliminate symptoms had been established. Why then, in 1991, 
was there still doubt regarding the soundness of the concept that carotid 
bifurcation atherosclerotic lesions cause ischemic strokes either by embo
lization or by producing watershed ischemia, and that elimination of such 
lesions prevents or relieves ischemic strokes? 

The past four decades have been fraught with controversy and confusion 
but in many ways blessed with brilliant advances. When, at later dates, 
medical historians survey the recorded events and attempt to "analyze, 
coordinate and understand" those events, what will they conclude? 

History, as recorded, is an abstraction, an illusion conceived by histo
rians attempting to create order out of chaos. What happened at the Battle 
of Gettysburg? What was it like? There were thousands of Battles of Get
tysburg, each fought by the thousands of its participants, for each of whom 
the battle differed, and from each, were it possible to obtain their versions, 
would emerge a different order of understanding, each valuable in its own 
way and perhaps more valuable than the composite version necessarily cre
ated by historians. Having lived through the four decades of the modern 
era of carotid surgery and participated in its evolution or its battles if you 
will, what were they like? What can be learned from a recounting by one of 
the combatants of some of the events of the battle to conquer this terrible 
affliction that threatens and destroys the most valuable and irreplaceable of 
our many organs? The events are too numerous to recount in toto, the 
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participants legion, the weapons marshalled numerous, complex and effec
tive; and so, only the highlights will be documented, the dates, recalled 
from memory, approximated. 

For nearly a decade after the first reported carotid operation, many 
surgeons successfully explored the possibility that these operations could 
be performed with an acceptable degree of safety. Cerebral angiography 
became a 'nearly routine procedure as a cadre of vascular and neuro
radiologists appeared upon the scene to relieve the surgeons of the Onerous 
and unfamiliar task of performing the angiographic studies. The toxicity of 
the iodinated radiographic contrast media became markedly lessened by 
the introduction of the methylglucamine salt of renografin to replace the 
much more toxic sodium salts-Urokon and Diodrost, probably names 
long forgotten. 23 To Fields, DeBakey, Lyons, Thompson, Wylie24- 28 and 
numerous others, already prominent in the field as successful carotid 
surgeons, it became apparent that there was need to demonstrate the 
efficacy of the operation in preventing and relieving stroke and perhaps in 
prolonging life. I well recall a conference at the New York Academy of 
Medicine in the late '50s when Dr. Charles Rob offered a challenge by 
publicly asking whether the patient who became asymptomatic following 
carotid endarterectomy did so because of, or in spite of, operation, since 
it was known by then that transient symptoms associated with stenotic 
carotid arteries could stop occurring upon thrombosis of the artery, and 
asymptomatic post carotid endarterectomy thrombosis had already been 
recognized! 

In any event, spurred by Dr. DeBakey and the astute and amiable 
neurologist, Dr. William Field, a prospective study of carotid endarte
rectomy was sponsored by the NIH. By 1962, 21 university services were 
participants, 19 of which had agreed to randomize patients to surgical 
treatment. Participants in The (JSEAO) Joint Study of Extracranial Arte
rial Occlusions29- 33 agreed to perform four-vessel angiographic studies to 
include visualization of the intracranial vessels On all patients who pre
sented with any complex of neurologic symptoms, including devastating 
acute strokes that might possibly be due to cerebral ischemia, and to surgi
cally correct all accessible extracranial arterial lesions producing 30% or 
more stenosis, whether affecting the anterior or posterior circulation, 
whether deemed "appropriate" to focal symptoms or not. Nonfocal cere
bral symptoms were to be studied to learn the full spectrum of clinical 
syndromes that might result from extracranial arterial disease. Thirty per
cent diameter reduction was considered significant, since the radiologists 
felt that that degree of stenosis was the least that all radiologists would 
recognize On the films. The surgeons, already experienced in vascular op
erations, recognized that even minimal atherosclerotic lesions could rapid
ly progress to total occlusion by thrombosis. Although the concept of 
embolization had previously been described by Chiari, Hunt and Fisher, it 
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was not recognized in the original protocol. Follow-up was to be for five 
years at least, or until statistical significance was achieved, the end points 
being death, stroke or transient cerebral symptoms. 

The enthusiasm of the participants was almost electric. Meetings were 
held regularly to exchange ideas and review problems. A major concern of 
all the participants was the possibility of precipitating cerebral infarction 
during the period of flow interruption to permit endarterectomy. There 
was no unanimity of opinion, however, regarding how best to monitor the 
brain or how to protect it from suffering ischemic damage. The discussions 
were lengthy and would sound absolutely familiar today, since they con
tinue to occur in the same vein: local versus general anesthesia; elec
troencephalographic monitoring; carotid stump pressures; jugular venous 
oxygen saturation determinations; cerebral protection by routine shunting, 
by artificial elevation of blood pressure, by using specific general anesthetic 
agents, or by induction of general body hypothermia. I admit to having 
been alarmed by the inability of the most experienced surgeons to agree 
upon the best anesthetic management. I have been influenced by the 
thoughtful and wise observations of Champ Lyons, who suggested that the 
predictive key to toleration of carotid clamping might ultimately be deter
mined by analyzing the patterns of intracerebral blood flow observed on 
the angiographic studies, and by Jr. Jack Wylie who spoke of the apparent 
unreliability of electroencephalography in predicting cerebral ischemia 
under general anesthesia. As a junior participant I decided to adopt the 
technique of local anesthesia to permit monitoring conscious patients, 
employing selective shunting for clamping intolerance aided by artificial 
elevation of blood pressure. This approach would afford the opportunity 
to compare the reliability of various monitoring techniques and protec
tive measures in conscious patients. 

Equally disturbing was the fact that the descriptions of carotid plaques in 
situ, as observed by the surgeons before distortion was caused by surgical 
manipulation, varied so markedly that drawing meaningful conclusions re
garding pathogenesis of the arterial lesions and of cerebral symptoms was 
not possible. Indeed, the descriptions of plaques given to us by our patho
logist frequently were at marked variance from our original operative 
observation, until a fine camera was secured with which to photograph 
plaques in situ. When supplied with this record, our pathologist could 
properly reconstruct the plaque and give more accurate descriptions. 

Although the validity of the study has been repeatedly questioned for 
many reasons, the findings were dramatic, enlightening, exciting, and set 
the stage for all subsequent investigations, which in essence have con
firmed its essential findings: 

1. Acute stroke with altered consciousness is not surgically correctible 
without doubling stroke mortality from 20% for medically treated pa
tients to 40% for surgical treatment. 
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2. Carotid endarterectomy must be done prophylactically before cerebral 
infarction has occurred. 

3. The period of operation is the most crucial in determining outcome. 
Serious operative complications varied from approximately 2% for the 
most successful groups to over 20% for the least successful. 

4. The first cohort to demonstrate statistically significant improvement 
following carotid endarterectomy consisted of patients with mild neu
rologic deficit and corrected carotid stenosis who enjoyed improved 
survival compared to medically treated patients. 

5. While the high average surgical complication rates obscured the poss
ibly beneficial effects of surgical intervention on late follow-up, it was 
clearly demonstrated that unscathed survivors of carotid endarte
rectomy had decided protection against suffering future stroke when 
compared to the medically treated groups, and those with the most 
advanced arterial involvement, namely bilateral carotid stenoses or 
stenoses opposite occlusions, fared best following successful operations. 

6. Vertebrobasilar symptoms were frequently relieved by carotid endar
terectomy, and so, many groups ceased to operate upon the vertebral 
arteries. Additionally, there was no agreement as to which of a number 
of operations might be best to relieve the most commonly encountered 
lesions at the vertebral origin from the subclavian. 

7. Subclavian steal rarely required operation. 
8. The major deficiency of the study was in not stratifying patients accord

ing to degrees of arterial stenosis, the major emphasis being on clinical 
status. 

Many other facts emerged from the study based upon 4,776 protocols, 
among which was the realization that cerebral hemorrhage could result 
from carotid endarterectomy and that complete internal carotid occlusions 
could rarely be surgically relieved. Yet there emerged no unanimity of 
opinion regarding how best to perform the operation either as to anesthe
sia, monitoring techniques, protective measures, or even how to surgically 
deal with the artery: short versus long arteriotomy versus eversion internal 
carotid endarterectomy; primary closure versus patch closure. The 
pathogenesis of the arterial lesions and indeed the components of carotid 
plaques were not well recorded, so that the mechanisms leading to cerebral 
ischemia and stroke, unless internal carotid thrombosis occurred, were 
usually not analyzed. 

What has occurred since? In spite of the more recent recognition of 
the prominence of intracarotid plaque hemorrhage in symptomatic 
patients,34,35 the findings in 1972 of small emboli in retinal arteries, 
although most often seemingly composed of minute yellow particles 
thought to be cholesterol particles,36 led to a prospective randomized study 
of the effects of antiplatelet agents in patients with transient cerebral epi
sodes in stopping attacks and preventing strokes. We participated in this 
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study using aspirin and sulfinpyrazone in both nonoperated patients and in 
patients post-carotid endarterectomy. The results were equivocal for 
stroke prevention.37 Nevertheless, 10 additional studies have been done 
with equally equivocal results.38 Was this not predictable, given the facts 
that had already been learned from the pathologic findings at the carotid 
bifurcations? Curiously, however, there is a rather clearcut effect of anti
platelets on death from coronary artery disease, only equivocal benefit on 
stroke incidence, and some beneficial effect on TIAs. 

Probably as significant as any development in carotid surgery was the 
recognition in the '70s and '80s that intraoperative strokes, which occurred 
with such a widely disparate incidence regardless of what monitoring or 
protective measures were employed, were due to a variety of causes and 
that, indeed, different surgical groups did not share the same incidences of 
causes.39,40 I well remember during the decade of the '70s interviewing 
prospective applicants for our vascular trainee position and asking the in
nocent question, "What does your professor tell you is the cause of stroke 
in the patient who unfortunately awakens from general anesthesia post
carotid endarterectomy?" Invariably the answer was: "embolization." Un
able to resist the urge to foster skepticism, the counter was, "How do we 
know that there had not been rethrombosis of the artery, or that clamping 
ischemia had not occurred, or that intracerebral hemorrhage had not been 
precipitated as a reperfusion injury?" 

If for no other reason than the fact that it was possible to differentiate 
intraoperative cerebral embolization from clamping ischemia, the not in
frequently criticized practice of doing our operations under local anesthe
sia was continued. By employing various monitoring techniques and pro
tective measures in conscious patients, it was possible to learn very early 
the pitfalls of relying upon jugular venous oxygen saturations; electroence
phalography; carotid stump pressures (originally said to be safe at 25 Torr 
but subsequently increased to higher levels); routine shunting; the intra
cerebral patterns of cross-fill on the angiogram; and preoperative carotid 
compression testing in the upright or semirecumbent patient. False posi
tives and false negatives occurred with all those techniques.41- 52 

There was a curious resistance on the part of the medical community to 
accept the fact that intraplaque hemorrhage was a prominent event in the 
evolution of the carotid plaque, and that it appeared to be a primary event 
following the myointimal proliferation that resulted from the flow pecular
ities demonstrated to occur at the carotid bifurcation,53,54 rather than a 
secondary phenomenon, secondary to degeneration and breakdown of a 
fat-laden plaque. The rebuttals to the claims of primary intraplaque 
hemorrhage came from those pathologists who claimed prior knowledge 
and insisted that the clotted blood found within fibrous plaques was dissec
tion of the flowing column of blood into the wall of the plaque, either 
through grossly visible fissures or, if they were not seen, through micro-
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scopic cracks. Indeed, there were some who said they found no blood 
within plaques while others said that it was created by the surgical manipu
lations. Yet Paterson had described the phenomenon of primary intra
plaque hemorrhage in coronary arteries in 1936.55 

How exciting to be given our wonderful noninvasive tools for examining 
both the arteries and the brain in our patients: ultrasound to measure 
luminal diameters and to provide images; computerized axial tomography 
and MRI to look at the brain and the arteries; PET scanning to study 
details of metabolism; and pathologic anatomy of the brain. Each has 
helped to confirm the essential facts and concepts deduced from previous 
clinical and pathological studies. It has been possible to establish the threat
ening nature of highly stenotic plaques by various sequential noninvasive 
tests of the carotid bifurcations (Gee, Kartchner, Strandness);56-58 to 
establish the importance of plaque softening by hemorrhage and by its 
probable degeneration to atheromatous debris, the "cholesterol abscess;" 
and to confirm the concept of massive embolization of encysted blood or 
atheromatous material by noninvasive techniques,59-62 such as those used 
by Norris, who demonstrated what was initially termed "spontaneous re
gression of plaques," better interpreted as embolization of large segments 
of plaque. 

The insidious onset of ischemic brain syndromes was originally recog
nized by the organizers of the Joint Study, who insisted that even patients 
with nonlocalizing symptoms should be evaluated and included in the study 
if the appropriate arterial lesions were encountered. CT and PET scanning 
have shown that areas of the brain can be damaged by ischemia without 
occurrence of focal symptoms either by repeated embolization or through 
"watershed" ischemia. Is there now not recognition of vascular demen
tia?63-67 And yet, there occurred disturbing rumbles in the country during 
the decade of the '80s. Undoubtedly spurred by poor surgical operative 
results, discovered in various parts of the U.S., and perhaps encouraged 
by the tantalizingly almost favorable results of antiplatelet agent studies, 
there arose "expressions of concern" ,68 usually on the part of neurol
ogists, who were skeptical that localized surgical intervention on the arte
rial system diffusely involved by atherosclerosis could be beneficial, who 
felt that the available data regarding the beneficial effects of carotid endar
terectomy obtainable from nonrandomized trials was unconvincing,69 and 
who were alarmed by some of the reports pertaining to surgical complica
tion rates. The surgical results reported by the most successful groups were 
said not to be representative of what prevailed throughout the country, and 
anyway, surgeons tend to select the most favorable cases to operate, there
by skewing results in favor of surgery. 

The RAND Organization study of complications of carotid endar
terectomy in "representative" geographic areas,70 reports of "community 
hospital experience", 71 and the skeptism of nonsurgical medical groups in 
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believing that self-interested surgeons could accurately report surgical re
sults led to a marked decline in carotid endarterectomy operations in the 
latter part of the '80s. 

The failure of the ExtracraniallIntracranial By-Pass Randomized Clini
cal Trial in 1988 to show a definite beneficial effect in patients with inter
nal carotid occlusion further spurred the negativism toward surgical 
intervention.72 Yet that trial was flawed at its onset when, during its orga
nizational phases, there was a reluctance to accept the proviso that EC-IC 
bypass be done only on patients with internal carotid occlusions in whom 
all other extracranial lesions had been corrected yet had persistence of 
ischemic symptoms. 

In this climate of negativism and skepticism regarding favorable out
come for surgical intervention, five prospective randomized clinical trials 
of carotid endarterectomy versus medical treatment were organized, three 
in the U.S., two in Europe. Criteria for selection of patients for randomiza
tion differed markedly and ranged from asymptomatic marked carotid 
stenosis to any degree of carotid stenosis greater than 30% diameter limi
tation appropriate to clearly recognizable transient cerebral ischemic 
symptoms. Only one, however, specifies a clearcut irrefutable end point, 
stroke, the others permitting crossover to surgical treatment of patients 
randomized to medical therapy who suffer TIAs. Additionally, TIA is 
considered to represent a therapeutic failure. 

Two of the studies have clearly confirmed what has been apparent 
through previous clinical pathological correlations and studies of cohorts of 
patients found to have carotid lesions, namely, that stroke risk is related to 
the stage of carotid pathology. 

The North American Symptomatic Carotid Endarterectomy Trial, for 
which I have been on the Data Monitoring Committee, has conclusively 
shown after only 18 months of observation that patients who have had focal 
cerebral hemispheric symptoms and appropriate 70% to 90% carotid 
bifurcation stenosis and who underwent operation with approximately a 
5% operative complication rate fared better than randomized nonoperated 
patients, so that that phase of the trial dealing with tight stenoses has been 
discontinued. Groups with lesser degrees of stenosis remain on trial. The 
European Carotid Endarterectomy Trial has reached identical conclusions. 

The Veterans Administration Asymptomatic Carotid Endarterectomy 
Trial, for which I have also served as a data monitor, is nearly completed. 
Admission to the trial was dependent upon the existence of 50% or greater 
diameter reduction at the carotid bifurcation in asymptomatic patients. 
Unfortunately, results will be diluted by the fact that TIA, stroke or death 
are end points, TIA being considered a "soft" end point. Nevertheless, the 
results of that trial, which I cannot reveal, should be announced before the 
end of this year. 

What can be concluded from the available information, voluminous as it 
is, as it pertains to the management of patients with extracranial cerebro-
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vascular occlusive disease? In general, the concept that advanced patho
logic changes at the carotid bifurcation produce cerebral ischemia by em
bolization of microparticles or of large segments of the arterial wall and 
by flow impairment is well established. Marked stenosis manifested by 70% 
or greater diameter constriction is the best current marker of the patient 
at risk of stroke. This is evident from a number of sources, including patho
logic study of surgically excised plaques, from sequential noninvasive arte
rial studies of patients with carotid stenoses, from the recently completed 
portions of two randomized prospective clinical trials of carotid endar
terectomy, as well as from a number of nonrandomized clinical surgical 
studies. The concept of symptomatic versus asymptomatic in the presence 
of advanced arterial stenosis is probably not valid and is evident from the 
reported incidence of stroke without premonitory TIA in patients with 
advanced carotid stenosis and from the incidence of "silent" brain infarc
tions found on brain CT scans in patients with carotid lesions. This last 
observation is not surprising since there are areas of the brain clinically 
relatively silent, while the entire brain is silent during the eight hours or so 
when one is asleep.73 This further confirms the validity of the JSEAO, 
wherein admission to the study was for even vague and ill-defined symp
toms when found in association with significant arterial lesions. 

Indeed, the advanced stage of the arterial lesion has been the stimulus 
to perform endarterectomy even in patients with acute strokes, provided 
the infarct size involved only a portion of a hemisphere and the patient 
had not lost consciousness, while observing certain precautions at opera
tion, including employing general anesthesia and routing intraluminal 
shunting. 74,75 

What, one might ask, should we do about the contralateral asymptoma
tic lesion; about combined carotid and coronary lesions,76-79 aneurysms 
and carotids? The answers at the moment would appear to be that the 
carotid arterial lesion and its degree of stenosis represent the overriding 
factor in deciding whether carotid endarterectomy should be done. If suf
ficiently stenotic it represents a risk and should be operated upon. The 
controversial aspect of management is with regard to the proper sequence 
of operations. Our own bias is to perform carotid endarterectomy under 
cervical block anesthesia, an anesthetic technique for which claim is made 
that cardiac risk is minimal compared to carotid endarterectomy per
formed under general anesthesia, and proceed with either coronary artery 
surgery or abdominal aortic aneurysm surgery, preferably the next day, 
rarely on the same day. 

Many challenges exist for the future and range from how to make the 
operation of carotid endarterectomy safe in the hands of most surgeons 
trained to do vascular operations,80-82 to refining the selection of patients 
for operation,83-86 to acquiring a better understanding of the evolution of 
carotid plaques and of the precise mechanisms by which cerebral ischemia 
is produced, including the role of blood rheology. 87-93 
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The immediate challenge relates to surgical management. Although 
many claim superior results employing varieties of techniques, the anat
omy, pathology and physiology involved in performing carotid endar
terectomy are the determinants of what will succeed and what will not. 
Many variables are involved, any of which may determine outcome: extent 
of surgical exposure of the carotid triangle required for a safe operation; 
length of the arteriotomy; specific plaque resection technique used; man
agement of end points, redundancies and kinks; arteriotomy closure tech
nique, whether primary or with roof patch of either autologous vein or 
prosthetic material; method of inlying shunt insertion and the particular 
shunt to be used. Indeed, there are those who insist that only completion 
angiography is a satisfactory determinant of whether a proper operation 
has been done. The marked variability of surgical results reported even 
from highly experienced groups indicates that more than frequent repeti
tion of the procedure is required to achieve excellence. 

An additional immediate challenge deals with the relatively unsatisfac
tory methods of selecting which arteries merit surgical intervention based 
upon degrees of stenosis. The same films, examined by different indi
viduals using different or even the same criteria for estimating stenosis, 
result in sometimes widely varying estimates. Unfortunately, although re
peatedly recommended in surgical publications, no one of the known 
prospective randomized clinical trials included the recording, photographi
cally, of carotid plaques in situ for subsequent comparison to angiograms 
and to histologic sections. We are left now with the relatively vague con
cept that plaques echogenically "soft" are dangerous, while those echo
genically hard are less so. A more precise estimate of the contents of any 
plaque, correlated with clinical course, is needed to eliminate a large ele
ment of subjectiveness and error involved in relying upon the relatively 
crude measurement of stenosis as the major criterion for whether the brain 
needs to be protected from undergoing infarction. 

"Watershed" infarcts are being recognized with increasing frequency. 
Although most internal carotid occlusions cannot be reopened because of 
the propagation of thrombus to the inaccessible portions of the internal 
carotid artery, they do pose the risk of future stroke even while asymp
tomatic. There are, however, a significant number of total occlusions that 
start at the origin of the internal carotid, but which, as late as one month 
after onset, remain easily operable since thrombus has not reached the 
intracranial carotid. Duplex scanning, CT scans with contrast, and NMR 
all merit investigation to determine reliability in revealing such operable 
situations. If not operable, does extracranial-intracranial bypass merit 
additional evaluation in those in whom all other lesions have been cor
rected? 

Beyond the immediate challenges expressed are those which delve into 
the pathogenesis of cerebral ischemia. Will NMR and PET scanning of the 
brain help to identify carotid arterial lesions that have already produced 
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subtle brain abnormalities even before advanced stenoses have occurred? 
Such a protocol was written nearly eight years ago as a proposal for the 
Javits Center of Neurologic Excellence but it was rejected as frivolous. Yet 
such techniques must be developed to identify truly dangerous plaques be
fore severe and irreversible brain damage occurs. 

Few surgical groups deal with vertebral arterial lesions, although they 
are the second most commonly found arterial lesions, second only to carot
id lesions. Hutchinson and Yates defined the role of vertebral lesions in 
contributing to death of patients with strokes when associated with carotid 
lesions. Our own concern with uncorrected vertebral lesions has been, 
aside from the production of incapacitating symptoms, with their possible 
role in the syndrome of sudden unexplained death, since 23 of our patients 
suffered bouts of syncope as their predominant symptom associated with 
bilateral vertebral origin stenoses. Syncopal attacks were relieved by res
toring flow to one vertebral. 94-96 

There are many other issues for the future. It is not possible to visualize 
how any percutaneously introduced intraarterial device could remove 
carotid plaques with the same degree of finesse and safety as skillfully 
performed open carotid endarterectomy, which now carries operative risks 
of 1%-2%. It is difficult to justify limiting the field of study of stroke
threatened patients to the carotid bifurcation with ultrasonic devices when 
it can be shown by comparative studies that although immediate catas
trophes because of limited studies occur infrequently, nevertheless, errors 
of omission and commission can occur in as many as 8% of patients oper
ated on the basis of duplex scanning of the neck alone. 

In terms of pathogenesis of the carotid plaque, a burning question that 
at present suggests only a number of divergent answers is, "What causes 
the intrafibrous plaque hemorrhage?" Myointimal thickening in response 
to flow anomalies at the carotid bifurcation occurs universally. Were it 
to progress as such, as it does in some, to sufficient stenosis resulting 
in thrombosis there would be few strokes. When hemorrhage occurs 
within such fibrous plaques, the threatening nature of the plaque be
comes manifest. Continued hemodynamic effect? Inflammatory intra
plaque vascularity? "Cement substance" deficiency secondary to vitamin 
C deficiency?? 

In parting, it is vital to remember that the truly significant advances in 
the effort to control the ischemic stroke problem have come from clini
cians. Clinical pathological correlations, observations of the pathology in 
situ in living patients, diagnostic devices, clinical trials of medical and sur
gical treatments, and development of safe surgical techniques have all been 
by clinicians. The brilliant ancillary devices that have facilitated study of 
living patients, ranging from ultrasound equipment to CT, NMR and PET 
scanning equipment, have been instrumental in confirming concepts de
rived from clinical observations. The challenge to continue to contribute as 
clinicians persists. 
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4 
Carotid Endarterectomy: Indications 
and Techniques 

ALLAN D. CALLOW 

"The eventual definition of the precise role of surgery in the management 
of cerebral vascular insufficiency must await the outcome of further 
studies, but it may be safely said at this time that surgical measures have 
already demonstrated their effectiveness in many patients with stroke 
syndromes."1 Jesse Thompson, a most distinguished carotid surgeon, 
wrote this in 1968. Nearly a quarter of a century had to pass before official 
accreditation was bestowed.2 During this time, rejection of surgical ther
apy among many physicians ranged from simple withholding of acceptance 
to stifling opposition. Largely because of the conviction among most vascu
lar and neurosurgeons, based on their personal experience, that carotid 
endarterectomy was a beneficial and durable procedure for the prevention 
of carotid territory stroke, the number of operations increased each year. 
Approximately 17,000 were performed in 1977 and over 100,000 in 1984 
in the United States alone. From 1954 to 1990 the worldwide number of 
carotid endarterectomies was estimated as approximately one million. 
Although excellent results in terms of operative morbidity and mortality as 
well as duration of stroke prevention were published,3-7 many reports 
were less salutary. This was particularly true in some series dealing with the 
asymptomatic carotid lesion with clearly unacceptably high rates of periop
erative stroke and death. 8-15 Confusion as to the proper indications for and 
the true utility of carotid endarterectomy increased in the medical and lay 
communities, and the need for controlled randomized studies became 
apparent.16- 18 

A Clinical Alert was issued in March of 1991 as the consequence of an 
interim review of data from the North American Symptomatic Carotid En
darterectomy Study. 2 Carotid endarterectomy was found to be clearly 
superior to nonsurgical therapy, consisting of antiplatelet agents, among 
symptomatic male and female patients with 70-99% stenosis of the inter
nal carotid artery. Acquisition of patients to this study group was halted. 
The earlier claims of vascular and neurological surgeons, albeit based on 
nonrandomized retrospective experience, were at long last now confirmed. 

From a review of the history of carotid endarterectomy and from the 
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TABLE 4.1. Recommended limits: perioperative mortality/stroke morbidity. * 

Mortality 

All operations/causes 
Stroke 

Asymptomatic 
Transient ischemic attack 
Ischemic stroke 
Recurrent disease 

*From the Committee on Carotid Surgery Standards, American Heart Association. 

Limit 

2% 

3% 
5% 
7% 

10% 

NASCES trial, two additional items of enormous importance deserve 
emphasis: (1) excellent surgical results require a meticulous surgical tech
nique supported by a committed team of specialists in neurology, internal 
medicine, cardiology, anesthesiology, and angiography; and (2) rigorous 
adherence to a detailed protocol for patient selection. Carotid endar
terectomy can be justified only if it results in better long-term stroke 
prevention than does medical management. Case reports with high peri
operative stroke rates and limited long-term benefit represent more an 
indictment of those individual practice patterns than of the usefulness of the 
operation itself. 

The Ad Hoc Committee on Carotid Surgery Standards of the Stroke 
Council of the American Heart Association has published maximal accept
able perioperative mortality and morbidity rates according to specific 
clinical categories19 (Table 4.1): 

In our literature review of surgical series reporting good to excellent 
results, certain common practice patterns became apparent19 (Table 4.2). 

Chief among important determinants of outcome were: (1) patient selec
tion; (2) anesthesia evaluation and management; and (3) operative tech
nique. 

Common to all series reporting minimal perioperative stroke morbidity, 
often below those rates suggested by the Committee on Carotid Surgery 

TABLE 4.2. Optimal perioperative mortality and stroke morbidity. 

Perioperative 

Report Mortality Stroke 

Callow and Mackey (3) 0.6% 1.6% 
Healy (4) 0.5% 2.0% 
Hertzer (5) 

Symptomatic group 0% 1.2% 
Asymptomatic group 1.1% 34% 

Hafner (26) 0.7% 0.9% 
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Standards of the American Heart Association, are the procedures described 
below. 

A Generous Arteriotomy 

Direct visualization of the distal end point of the disease must be obtained 
because a perceptible ridge of tissue extending into the internal carotid artery 
after a major portion of the plaque has been removed serves as a nidus for 
platelet aggregation, thrombus formation and embolization. 

Placement of so-called tacking sutures, although allegedly lessening the 
likelihood of dissection or elevation of the plaque by the pulsing column of 
blood, does not eliminate the chance of thrombosis and embolization. In 
addition, it is conceivable that atherosclerotic progression within the res
idual disease remnant is accelerated by the surgical trauma of the endar
terectomy. Enhancement of residual atherosclerosis may also occur at the 
proximal end of the endarterectomy site in the common carotid artery. 
Thus, what is often interpreted as recurrent stenosis may in truth be accel
eration of residual disease. 

"Feathering" of the distal end of the plaque is essential. Although it can 
be accomplished with a shunt in place, it is more difficult and time consum
ing, particularly with a high lying, distally extending plaque, than when 
visualization is not shunt obscured. 

A meticulous and complete surgical procedure includes bright light illu
mination, magnification, exposure of the normal internal carotid artery 
above the distal extent of disease, an endarterectomy dissection plane be
neath the plaque and deep to the media, and removal of all "floaters" aided 
by copious irrigation of the endarterectomy field. The arteriotomy closure 
must be meticulous, avoiding eversion of the edges, and butting them 
together with sutures close to the edge and close to each other. We limit 
the use of a patch to those operations where, for one reason or another, 
immediate reopening of the arteriotomy site is required, reoperation for 
recurrent carotid stenosis is required and, in a very small number of pa
tients, when the internal carotid artery is unusually small. We are not con
vinced that the incidence of recurrent stenosis is reduced by routine use of 
a patch. When one is needed we prefer the proximal greater saphenous 
vein. 

Cerebral Protection 

Excellent results can be obtained with a variety of techniques of cerebral 
protection, illustrating again that it is probably more a matter of the meti
culousness with which a given technique is applied than any special merits 
of one particular technique over another. Our preference is for general 
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anesthesia under normocarbic and normotensive conditions with selective 
shunting based on EEG monitoring. We have done many patients awake 
with regional block anesthesia and have also utilized carotid back pressure 
to assess the need for a shunt. In our experience the most reliable method 
is continuous EEG monitoring utilizing 20 electrodes cemented to the scalp 
and with 10 leads to the recording console. There is approximately a 10-15 
percent error in the correlation between back pressure and cerebral perfu
sion when checked against the electroencephalogram. This inconsistency 
has been displayed on both sides of the equation, i.e., a better perfusion 
with a low back pressure than would have been anticipated as well as EEG 
evidence of poor cerebral perfusion despite a so-called safe level back 
pressure. For high risk patients with both carotid and coronary disease, 
operating with the patient awake may add an element of safety. 

Systemic heparin is administered before cross clamping. It is not re
versed. Low molecular weight Dextran is administered prior to cross 
clamping and is continued for approximately 24 hours or until the patient 
can take aspirin by mouth. Neither the "arteriogram nor the operation are 
deferred because the patient is on a maintenance dose. Prior to closure of 
the arteriotomy the operated segment is copiously irrigated with hepari
nized saline followed by Dextran diluted half and half with saline to avoid 
both air and thrombus embolization. The arteriotomy site is back bled by 
opening the distal or internal carotid artery clamp first. The external is also 
back bled into the arteriotomy site and then the common carotid is opened 
followed by the external branch. Should there be any remaining air or 
debris, it should enter the external carotid system. The internal carotid is 
opened last. 

Completion arteriography, imperfect as it may be, is recommended after 
closure of the arteriotomy site. Its shortcomings are failure to give a reli
able representation of the lumen in more than one plane and to identify 
minimal amounts of platelet, fibrin or red clot. Ultrasonography is also 
useful, but again, may fail to detect the minimal imperfection created by a 
small amount of clot or a strand of tissue floating in the lumen. Neverthe
less, in view of the experiences of Blaisdell and Courbier ,20,21 whereby 
unsuspected imperfections of the endarterectomy site were much higher 
than anticipated, some form of assessment of the reconstruction is strongly 
recommended. 

Peripheral Nerves 

Although the normal position of the vagus nerve, with its accompanying 
recurrent laryngeal branch, is between the carotid artery and the internal 
jugular vein and posterolateral to the internal and common carotid arter
ies, it may occupy an anteromediallocation in approximately 5% of indi
viduals. The plane of dissection of the carotid must be close to the wall of 
the artery to avoid nerve injury. Vocal cord paresis follows upon trauma to 
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the vagus and the recurrent laryngeal nerves. Possibly as many as 10% of 
individuals display the recurrent laryngeal nerve in an anomalous non
recurrent course. It fails to descend to the area of the clavicle but instead 
traverses behind the common carotid artery directly to the larynx. Dissec
tion must also be kept close to the carotid bifurcation to avoid trauma of 
the superior laryngeal nerve, which, if damaged, could result in unilateral 
numbness of the orifice of the larynx, mild difficulty in swallowing and 
some change in voice quality due to cricothyroid muscle dysfunction. The 
hypoglossal nerve descends along the course of the internal carotid artery 
and passes medially over the external carotid in a more superficial position. 
This nerve, usually encountered during carotid dissection, is easily mobi
lized medially to expose the most distal reaches of the internal carotid 
artery. Trauma to the hypoglossal nerve results in paralysis of the ipsilater
al side of the tongue, which if severe, may progress to atrophy. The ansa 
hypoglossus, branches of the hypoglossal nerve, takes various positions in 
the neck, frequently lies in the field, and can usually be easily mobilized 
medially. The ansa may fix the hypoglossal nerve in the operative field, and 
if this is the case, it may be sacrificed.22 

Patient Selection 

THE IDEAL CANDIDATE 

Second only in importance to meticulous operative technique for avoid
ance of perioperative complications is selection of the patient. The ideal 
candidate has an acceptable cardiac risk, has had one or more carotid terri
tory TIAs, and demonstrates carotid disease appropriate to the involved 
cerebral territory. Using patient selection criteria similar to these, the 
North American Symptomatic Carotid Endarterectomy Trial (NASCET) 
demonstrated in a randomized prospective study that carotid endarte
rectomy carried a perioperative mortality/morbidity rate of only 3.4% at 
30 days. This rate was 5.0% in patients treated with antiplatelet agents. At 
12 months these figures were 6.5% and 17.8%, respectively. The study 
group consisted of patients of less than 80 years of age with a hemispheric 
TIA or a nondisabling stroke and angiographic evidence of 70-99% 
stenosis.2 Further patient entry was stopped. 

Patients at increased operative risk are those with: (1) a history of a 
previous stroke; (2) a positive CT scan with or without a history of a pre
vious stroke; (3) coexisting vertebral basilar insufficiency signs and symp
toms or angiographic evidence of disease; and (4) occlusion or severe ste
nosis of the contralateral carotid. These conditions are all indicative of 
reduced collateral circulatory reserve. During carotid artery cross clamp
ing, approximately 25% of these patients will require an in-dwelling shunt 
as determined by EEG monitoring. Presumably patients with impaired 
cerebral vascular reserve are more vulnerable to intraoperative emboli or a 
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fall in cerebral perfusion pressure than are normal sUbjects. Positron emis
sion tomography studies indicate that the best index of cerebral vascular 
reserve is the ratio of cerebral blood flow to cerebral blood volume. 23 In 
that study the significant risk factors for intraoperative neurologic deficit 
were: (I) age over 65 years; (2) a residual neurologic deficit prior to opera
tion; (3) complex plaque morphology; and (4) the combination of impaired 
cerebral vascular reserve and a positive CT scan for infarct in the symp
tomatic hemisphere. Patients with these findings, however, can be brought 
through carotid endarterectomy quite successfully and with no higher inci
dence of perioperative neurologic deficit or death than patients in the ideal 
candidate group if great care is taken to identify the coexisting conditions 
and to utilize measures to avoid undue physiologic stress. 

The High Risk Patient 

These patients are those with an evolving stroke, a so-called crescendo 
stroke, or a waxing and waning of neurologic signs and symptoms. It is 
often difficult to determine whether the patient is undergoing a true stroke 
or merely suffering a prolonged episode of a transient ischemic attack. The 
patient with a completed stroke with substantial recovery but who has re
tained significant functioning carotid territory is also at high risk. Coexist
ing coronary artery disease is a frequent finding if careful search is made24 

(Fig. 4.1). In our experience some 53% of 614 patients either had overt 
coronary artery disease as determined by history or electrocardiographic 
studies, or covert disease discoverable upon careful search. The long-term 
survival of these patients is considerably reduced compared to those in 
whom no coronary artery disease was present or identifiable25 ,26 (Fig. 4.2). 
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FIGURE 4.1. Life-table survival for patients with (group I) and without (group II) 
overt coronary disease. 
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FIGURE 4.2. Life-table survival for patients without overt coronary disease but with 
(group IIA) and without (group lIB) risk factors (diabetes, cigarette use, hyper
lipidemia). 

Summary 

Common to all series reporting excellent results in terms of perioperative 
morbidity and mortality and long-term duration of the benefit of carotid 
endarterectomy are certain items we have labeled shared practice patterns: 

1. careful evaluation of the patient to identify, document and classify co
existing disease; 

2. meticulous anesthesia and surgical technique with appropriate measures 
carefully applied to preserve cerebral perfusion or to detect its impair
ment during carotid cross clamping; 

3. particular attention to the possibility of coexisting coronary artery dis
ease and myocardial vulnerability; 

4. avoidance of excess manipulation of the carotid bulb and the internal 
carotid artery because of the probable existence of fragile plaque and 
thrombus within the vessel; 

5. avoidance of complete dissection of the common carotid, the bulb and 
the internal carotid from its bed on the basis that it is not only unneces
sary but is additionally hazardous; 

6. complete removal of the plaque and avoidance of tacking sutures in 
most endarterectomies; 

7. for the surgeon with limited experience the use of a shunt and systemic 
heparinization are considerably safer than a hasty operation in an effort 
to reduce cross-clamp time; 

8. proper first-time closure of the arteriotomy to avoid the need for even 
partial reclamping; and 

9. checking of the patient's postoperative neurologic status by the re-
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sponsible surgeon because a minimal neurologic deficit, a possible har
binger of stroke, may go undetected by someone else. 
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5 
Carotid Endarterectomy (How I Do 
It, A Safe Approach) 

JOHNB. CHANG 

Introduction 

Carotid endarterectomy was first performed in 1954 as a logical procedure 
for the prevention of ischemic stroke distal to carotid artery stenosis. 1 

Callow et al. gave their review and made the following observations: 
First, their aggressive surgical approach to carotid bifurcation atheroscle
rosis is superior to "optimal" medical therapy in symptomatic patients. 
Second, their aggressive surgical approach is also superior in selected 
asymptomatic patients, most notably those with hemodynamically signi
ficant stenoses. Third, to achieve superiority over medical therapy, surgical 
series must maintain low perioperative mortality and stroke morbidity 
rates. And fourth, late death in the carotid endarterectomy patient is pri
marily related to coexisting coronary artery disease, and improvements in 
long-term survival await improvements in the management of such coexist
ing disease. 2 

The numbers of patients undergoing endarterectomy in the United 
States (excluding VA hospitals) rose from 15,000 in 1971 to 107,000 in 
1985.3 There are many reports showing reasonable and lower rates of 
preoperative complications with the carotid endarterectomy.4-7 

The beneficial effects of carotid endarterectomy in symptomatic patients 
with high-grade carotid stenosis have been reported recently in random
ized trial.8 In this report, life-table estimates of the cumulative risk of any 
ipsilateral stroke at two years were 26% in the 331 medical patients and 
9% in the 328 surgical patients-an absolute risk reduction (±SE) of 
17±3.5% (P<0.001). For a major or fatal ipsilateral stroke, the corre
sponding estimates were 13.1% and 2.5%-an absolute risk reduction of 
10.6 ± 2.6% (P < 0.001). Carotid endarterectomy was still found to be 
beneficial when all strokes and deaths were included in the analysis 
(P < 0.001). Therefore, it was concluded that, in a randomized trial study, 
carotid endarterectomy is highly beneficial to patients with recent hemis-

52 
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pheric and retinal transient ischemic attacks or nondisabling strokes and 
ipsilateral high-grade stenosis (70-99%) of the internal carotid artery. 
There is no definite randomized trial study available at the present time for 
carotid endarterectomy of asymptomatic carotid stenosis, however, there 
are many reports on this subject. 

In a study of the natural history of the growth of carotid atheromata for a 
period of one to nine years, there was no change in 41 % and a significant 
increase in 59% of patients studied.9 The progress of the atherosclerosis 
is not predictable in each patient. A moderate rate of progression is com
mon for a carotid lesion as it becomes symptomatic within three to four 
years. Progress can be very slow, but in other cases, the lesion can progress 
rapidly to produce symptoms within one or two years.lO 

The author suggests that after noninvasive screening and arteriography, 
specific indications for carotid endarterectomy of asymptomatic carotid 
artery stenosis are: (1) severe unilateral stenosis greater than 70%; (2) 
bilateral stenoses greater than 50%; (3) unilateral stenosis and contralater
al occlusion; (4) progressing stenosis to greater than 50%; (5) positive 
noninvasive tests, such as duplex scan, spectral analysis, OPG, and 
perhaps CT and MRI studies; (6) before other major surgery, if the 
noninvasive tests and arteriography are strongly positive; and (7) a 
markedly ulcerated plaque (6). 

The author strongly believes that, with well-chosen patients who have 
had careful preoperative evaluation, carotid endarterectomy can be a safe 
procedure, minimizing perioperative morbidty and mortality. 

Preoperative Evaluation 

1. Careful medical history and assessment. 
2. Carotid duplex scan. 
3. CAT scan and/or MRI study of head to make a proper assessment of 

silent infarction, staging of the infarcted brain, and to exclude other 
possibilities such as nonvascular pathology of the brain. 

4. Cardiac evaluation, including noninvasive and, in selected cases, inva
sive study such as cardiac catheterization. 

5. Aortic arch study including extracranial as well as intracranial arte
riography. 

6. Preoperative Swan Ganz catheter after cardiac evaluation whenever in
dicated. 

7. Routine insertion of radial artery catheter for intra- and postoperative 
monitoring. 

8. Attachment of 12-lead EEG electrode to the head and recording of 
baseline EEG tracing. 
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Operation 

1. General endotracheal tube anesthesia, normotensive and normocarbia. 
2. Routine intraoperative carotid shunting. 
3. Intraoperative EEG monitoring. 
4. Routine use of vein patch utilizing proximal greater saphenous vein 

graft except for specific criteria. 
5. All patients undergo aortic arch arteriography using intraarterial DSA 

technique. Recently, magnetic resonance imaging was initiated as a 
preoperative evaluation and, in selected cases, in lieu of formal 
angiography. 

Operative Technique 

1. Patient is admitted to the intensive care unit the night before surgery for 
cardiac evaluation and optimization for the operation. During this time, 
preoperative Swan Ganz catheter is inserted for preoperative optimiza
tion and intraoperative monitoring as well as postoperative monitoring. 

2. Patient is placed in a semi-Fowler position with the neck extended and 
rotated to the contralateral side. 

3. Routine preoperative prophylactic antibiotics are given. 
4. The neck, chest and selected lower extremity are prepped with Be

tadine solution. 
5. The operative fields are exposed-operative side of the neck, selected 

side of the neck and selected side of the thigh to harvest vein segment 
for vein patch. 

6. A semivertical incision is made on the operative side of the neck along 
the anterior border of the sternocleidomastoid muscle. In younger 
female patients, sometimes a transverse incision is made under the man
dible at the level of the bifurcation (Fig. 5.1). The dissection is carried 
out using sharp and blunt technique, controlling hemostasis with elec
trocoagulation and ligatures. As dissection is deepened, the sterno
cleidomastoid muscle is freed and retracted laterally, and the carotid 
sheath is gradually opened. 

The first anatomic landmark to be identified is a facial branch of the 
internal jugular vein. Most of time, the level of bifurcation is under this 
facial vein. The vein is freed, ligated and divided (Fig. 5.2). Then the 
common carotid artery is freed proximal to the plaque. The dissection is 
carried out distally to expose the bifurcation. A 0.5% marcaine solu
tion, about 0.5 to 1.0 cc, is infiltrated into the carotid body. The first 
branch of the external carotid artery is then easily identified by careful 
dissection. The proximal external carotid artery is then freed and circled 
with vessel loop. Distal dissection is then carried out to the internal 
carotid artery. Many times ansa hypocrossi can be identified, running 
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FIGURE 5.1. Schematic drawing showing two types of incisions for carotid endar
terectomy. A transverse incision and a semivertical incision along the anterior bor
der of the sternocleidomastoid muscle. 
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FIGURE 5.2. Schematic drawing indicating facial branch of the internal jugular vein 
(facial vein) as a landmark of an anatomic position of the carotid bifurcation. The 
hypoglossal nerve is shown in relation to the carotid bifurcation. 
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FIGURE 5.3. Schematic drawing after ligation and division of facial vein. 

anteriorly, medially and sometimes laterally, joining up to the hypo
glossal nerve. The hypoglossal nerve is identified and preserved intact 
(Fig. 5.3). 

When the lesion is high, with high bifurcation, the "sling vessels" are 
carefully freed, ligated and divided. By this maneuver, the hypoglossal 
nerve is further freed distally. In selected cases, the ansa hypoglossal 
can be divided to facilitate the mobilization of the hypoglossal nerve. 
Sometimes, the digastric muscle is carefully divided to gain further dis
tal exposure. During this maneuver, care should be taken to avoid in
jury to the glossopharyngeal nerve. 

With these maneuvers, the mandible joint subluxation or dislocation 
is seldom necessary. At this point, a 2-112 inch length of proximal great
er saphenous vein is harvested and divided at the line of branch( es), if 
any. Patient is given systemic heparinization, usually 6,000 to 7,000 
units, depending upon the size of the patient. The common, internal and 
external carotid arteries are cross clamped using atraumatic vascular 
clamps. A longitudinal arteriotomy is made, extending from the pro
ximal common carotid artery to the distal internal carotid artery distal 
to the plaque (Fig. 5.4). It is also my practice to make two separate 
initial arteriotomies, one on the proximal common carotid and the other 
on the distal internal carotid artery if the lesion is critically stenotic, 
making a single arteriotomy difficult. Then a T-shape, indwelling shunt 
catheter is introduced into the common and internal carotid artery (Fig. 
5.5) . In cases where two separate arteriotomies are made, these two 
arteriotomies are then connected after the shunt is inserted and opened. 



5. Carotid Endarterectomy (How I Do It, A Safe Approach) 57 

FIGURE 5.4. Schematic drawing with arteriotomy extending from the common 
carotid artery proximal to the plaque to the distal internal carotid artery distal to 
the plaque (dotted line). 

Care should be taken to evacuate all possible air or clot from the 
shunt unit and arterial system before the shunt is opened. During this 
maneuver, intraoperative EEG monitoring is helpful in monitoring the 
technique of cross clamping and shunting. 

Under direct vision, with the shunt in, the endarterectomy is carried 
out, starting from the opposite side of the external carotid artery origin, 
coming down to the proximal common carotid artery (Fig. 5.6, circle 1). 
Then the endarterectomy is extended proximally using a special spatula 
instrument. At the point of normal intima, a sharp dissection is carried 
out, cutting at the normal intima to the other side of the common caro
tid artery (Fig. 5.6, circle 2). Then proceed distally, on the side of the 
external carotid artery, up to the origin of the external carotid artery 
(Fig. 5.6, circle 3). Attention should then be paid to the distal portion of 
the endarterectomy technique, proceeding to the end point of the pla
que at the internal carotid artery (Fig. 5.6, circle 4). Continue down the 
internal carotid artery to the origin of the external carotid artery. At the 
origin of the external carotid artery, the careful blunt, sometimes direct 
endarterectomy, is carried out into the external carotid artery beyond 
the origin of the first branch if necessary (Fig. 5.6, circle 5). At this 
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FIGURE 5.5 Schematic drawing showing carotid artery shunt (T type). By using this 
type of catheter, it is easy to evacuate any possible air bubbles or debris within the 
shunt before the shunt is opened. Also using this T type of shunt, a hemodynamic 
study can be performed with ease, such as stump pressure. 

point, the entire specimen is hanging on the origin of the internal caro
tid artery (Fig 5.6, circle 5). As the plaque from the external carotid 
artery is pulled out, the entire procedure of endarterectomy is com
pleted, removing the entire specimen as one piece. 

If the end point at the internal carotid artery is not clean, leaving 
normal intima behind, this normal intima is tacked down with 6-0 
Prolene sutures, in interrupted fashion, to prevent possible distal dis
section. If the end point is clean, there is no need for a tack-down su
ture . The arterial lumen is irrigated with a copious amount of hepari
nized solution. Painstaking effort should be given to remove all possible 
debris from the arterial lumen. Then the arteriotomy is repaired using 
the proximal greater saphenous vein patch graft. The patch graft should 
be extended far proximally to the margin of the intima at the common 
carotid artery and far distally beyond the end point, as indicated in (A') 
and (B') of Fig. 5.7. At the time of carotid endarterectomy, if there is 
kinking at the internal carotid artery (Fig. 5.8), this is corrected at the 
time of vein patch by using plication technique, bringing B to B' point 
(Fig. 5.8) by making transverse sutures using 6-0 Prolene sutures evagi-
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B' 

FIGURE 5.6. Schematic drawing showing carotid endarterectomy in sequential 
steps. A indicates proximal end of arteriotomy. B indicates distal end of arte
riotomy. C indicates proximal portion of the external carotid artery. A' indicates 
line of endarterectomy, proximally. B' indicates line of endarterectomy and/or dis
tal endpoint at the internal carotid artery. The carotid endarterectomy normally 
starts at the rnidportion of the arteriotomy, opposite to the orifice of the external 
carotid artery (one). Endarterectomy is extended proximally and transects the 
specimen at the proximal common carotid artery (two). The dissection proceeds to 
the side of the external carotid artery extending distally (three). Then attention is 
directed to the distal portion of the endarterectomy plane opposite to the external 
carotid artery origin. The endarterectomy is then carried distally into the internal 
carotid artery to the endpoint extending proximally on the opposite side of the 
internal carotid artery (four). The final stage of the endarterectomy is centered to 
the origin of the external carotid artery. Depending upon the nature of stenosis of 
the external carotid artery, either blind or open endarterectomy is performed to 
complete the procedure delivering the specimen in total (five). 

nating the redundant portion of the backwall as shown on (B) and (B/) 
in Fig. 5.9. After this is done, the vein patch is anastomosed at the 
arteriotomy, which will result in a straighter arterial system as shown in 
Fig. 5.9. 

Before the vein patch is completed, the indwelling shunt catheter is 
removed. Again, care should be taken to remove all possible air or clot 
from the arterial system. Circulation is restored, first to the external 
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B' 

FIGURE 5.7. Schematic drawing showing vein patch after carotid endarterectomy. A 
indicates proximal end of the arteriotomy. B indicates distal end of the arteriotomy. 
C indicates distal external carotid artery. A' indicates line of endarterectomy prox
imally. B' indicates line of endarterectomy or endpoint at the internal carotid 
artery. C' indicates distal end of the endarterectomy at the external carotid artery. 
Effort is given to extend the arteriotomy and vein patch proximal to the proximal 
end of the endarterectomy line (A) and distal to the distal endpoint (B). 

carotid artery, then to the internal carotid artery in a sequential man
ner. EEG monitoring is especially useful during this process. If there is 
no major problem or bleeding from anastomosis, the heparin is neutral
ized with the Protamine in about a three to four ratio. The wound 
spaces are irrigated with antibiotic solution. The incisions are closed 
using 2-0 Vicryl or Dexon sutures and 4-0 absorbable sutures to the skin 
in subcuticular fashion. Sterile dressing is applied to the wound. On the 
neck, gentle pressure dressing is applied using 4 x 8 and combine pads. 
Using a sterile towel, a gentle collar is made around the neck incision 

-------------------------------------------------------C> 
FIGURE 5.9. Schematic drawing indicating surgical correction of internal carotid 
artery kink after endarterectomy. A approximating to point C after plicating and 
evaginating sutures between Band B' in Fig. 5.8-the distal internal carotid artery 
(A) is now approximated to the proximal internal carotid artery (C). Then the vein 
patch is sewn in as indicated with the white dotted line. 
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FIGURE 5.8. Schematic drawing indicating kink of internal carotid artery. A indi
cates distal internal carotid artery endarterectomized. B indicates imaginary line of 
plication with B' to correct the kink. C indicates proximal internal carotid artery 
endarterectomized. 

B 
B' 
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dressing. Patient is allowed to recover from general anesthesia, on the 
table, with EEG monitoring. Patient is extubated on the table. 

Once the patient is neurologically intact, moving all extremities on 
command, transfer can be made to the recovery room. Until the pa
tient's neurological assessment is completed, the surgical instruments 
remain in the operating room without contamination. 

In the recovery room, cardiac and neurological evaluations are made 
periodically. The first night the patient remains either in the recovery 
room or the intensive care unit for observation. The dressing is removed 
on the first postoperative day, and the patient is allowed to get out of 
bed and ambulate, resuming a full regular diet. 

The patient is normally discharged on the third postoperative day 
unless there are specific reasons to keep the patient longer. The patient 
is discharged with an antiplatelet agent, buffered aspirin and/or Persan
tine. 

Long Term Management 

Patient is followed closely on an outpatient basis by the vascular surgeon, 
using noninvasive vascular studies, including duplex scan. 

Results 

With this protocol, the author has performed 450 carotid endarterectomies 
since 1976. The earlier results indicated 0.5% mortality with 1.4% stroke 
rate.!1 In a recent review of 450 carotid endarterectomies, there was a 
0.4% stroke rate with 0.2% stroke related mortality, and 0.4% of myocar
diac infarction with 0.2% MI related mortality. Of the last 300 carotid 
endarterectomies performed using the rigid protocol outlined above, there 
was no stroke rate or mortality rate, perioperatively and up to 30 days 
postoperatively. 

Discussion 

Among symptomatic patients with high grade stenosis (70% to 99%), 
those who underwent carotid endarterectomy had an absolute reduction of 
17% in the risk of ipsilateral stroke at two years (P < .001) in the recent 
randomized study.1 Similar results have recently been reported from the 
European Carotid Surgical TriaI.12 Among 778 symptomatic patients with 
severe stenosis (70% to 99%) who were randomly assigned to treatment 
with carotid endarterectomy or medical care alone, 7.5% of the surgical 
patients had an ipsilateral stroke or died within 30 days of surgery. Life-
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table estimates show that the risk of ipsilateral stroke during the next three 
years yield an additional risk of 2.8% for surgical patients as compared 
with 16.3% for medical patients (P < 0.0001). Until a further guideline is 
given for proper cerebral protection during carotid endarterectomy, the 
author believes in a combination of intraoperative shunting and EEG 
monitoring to minimize morbidity and mortality from the surgical proce
dure. 

There are many papers about saphenous vein patch and other patch 
materials vs. primary closure after carotid endarterectomy.13-19 Bioche
mical adaptation of venous patches have been studied, indicating that the 
vein patch angioplasty favorably influences surface thrombogenicity of 
healing on the endarterectomized arteries. 20- 23 Some suggest that saphe
nous vein angioplasty appears appropriate in habitual smokers and likely in 
patients with small internal carotid arteries. 24-25 

In high bifurcation or extremely high lesion, there are other techniques 
available. In our experience, careful dissection along the anatomical 
boundary of the distal carotid artery, ligation and division of "sling vessels" 
(sternoidcleidmastoid artery and vein), and division of posterior belly of 
digastric muscle have all been successful. However, there are other tech
niques, including anterior subluxation of the mandible, styloidectomy in 
combination with other techniques, and lateral mandiblectomy or pos
terior approach with mastoidectomy. 26 Temporary mandibular subluxation 
by diagonal interdental/Steinmann pin wiring has been utilized.27 Various 
techniques of exposure and control of the internal carotid artery near the 
base of skull, Zone III (from the lower margin of the first cervical vertebra 
to the base of the skull) have been proposed by different investigators. An 
exposure of the internal carotid artery was described that involved 
preauricular amd postauricular incisions, making anterior and posterior 
flaps. Dissection of the parotid gland anteriorly and resection of digastric 
muscle from the mastoid process was burred down and resected. The glos
sopharyngeal nerve was sacrificed, permitting exposure of the internal 
carotid artery at the base of the skull. 28 Subperiosteal osteotomy at the 
angle of the mandible has been described by Welsh et aI.29 The posterior 
segment was rotated upward over the temporomandibular joint, and the 
anterior segment was retracted forward. The styloid process and digastric 
muscle were divided. Some surgeons perform radical mastoidectomy with 
obliteration of the middle ear and resection of the mandibular condyle and 
occasionally the zygoma.30 Arch bar wires were used to maintain subluxa
tion of the mandibular joint. 31 These techniques are of value in carotid 
trauma at the base of skull, high internal carotid artery aneurysms, fibro
muscular dysplasia, and recurrent stenosis requiring endarterectomy near 
the base of the skull. However, these techniques are associated with sig
nificant morbidity in the form of bone infection, loss of ear function, non
union of mandible, cranial nerve paralysis, and compression of opposite 
carotid artery.32 Atherosclerotic high plaque ended at Zone II in patients 
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(from the lower margin of the second to the lower margin of the first cer
vical vertebra), indicating that other forms of techniques for exposure are 
rarely necessary for primary endarterectomy for atherosclerotic carotid bi
furcation stenosis. The greater auricular nerve may need to be sacrificed, 
causing temporary cutaneous paresthesia. The glossopharyngeal nerve 
may be disturbed in dissection necessary for these high bifurcated lesions. 
The possibility of high plaque should be considered in male patients with 
bilateral severe carotid occlusive disease or patients with contralateral oc
clusion. With careful dissection along the anatomic planes as well as knowl
edge of anatomy superior to hypoglossal nerve and cephalad exposure, 
endarterectomy can be accomplished. All atherosclerotic carotid bifurca
tion plaque in internal carotid artery, however high, will ultimately taper 
off in Zone II and should never have to be sharply divided, which would 
compromise the adequacy of the endarterectomy. 33 

Conclusions 

Carotid endarterctomy can be performed with reasonable safety using the 
following rigid protocol that the author has applied to his 450 cases: 

FIGURE 5.lDA. Angiogram with high grade stenosis at left distal common and 
proximal internal carotid artery as well as external carotid artery (arrow). 
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1. Careful clinical assessment. 
2. Preoperative evaluation including duplex scan , CT/MRI , and more re

cently, with MRI angiogram. 
3. Preoperative aortic arch angiogram. 
4. Independent assessment of patient prior to surgical decision by medical! 

cardiological/neurological consultants. 
5. Preoperative Swan-Ganz catheter insertion. 
6. Liberal use of autogenous vein patch (preferably proximal greater 

saphenous vein segment). 
7. Routine shunting. 
8. Intraoperative EEG monitoring. 

Most patients are discharged home on the third postoperative day. 
Long-term follow-up is important for all patients, with periodic clinical 
evaluation, duplex scan and, if necessary, angiogram. Recently, MRI 
angiogram has been useful. This may be replaced , in some cases , for aortic 
arch angiogram. 

The following cases have been selected for further illustration of the 
author's clinical cases (see Figs. 5.10-5.21): 

FIGURE 5.lOB. Endarterectomy specimen with severe stenosis and ulcerating 
plaque (arrow). It is extremely important that the distal internal carotid artery 
should be freed far away from the endpoint of the plaque (triangular arrow) . 

B 
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FIGURE S.lOC. Vein patch. The distal end of the vein patch should be distal to the 
endpoint of the plaque. Care is taken to extend distal arteriotomy further distal to 
the plaque (arrow). The proximal end of the vein patch is further proximal to the 
proximal endpoint or cut margin of the intima (triangular arrow). 

FIGURE S.l1A. Angiogram shows high grade stenosis with pseudoocclusion of the 
right internal carotid artery (two arrows). 
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FIGURE 5.11B. Specimen. High grade stenosis at right internal carotid artery (big 
arrow) with ulcerating plaque, proximally (small arrow) . 

FIGURE 5.11C. Vein patch with proximal end (arrow) and distal end (two triangular 
arrows) beyond the end points. 
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FIGURE 5.12A. Angiogram showing stenotic lesion in the right internal carotid 
artery (arrow). 

FIGURE 5 .12B. On the same patient, an oblique view showing the lesion better (two 
arrows) . 
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c 
FIGURE 5.12C. Specimen. High grade stenosis at the internal carotid artery (two 
triangular arrows). Plaque at the external carotid artery is removed up to the end
point (two arrows) by blind or sometimes open endarterectomy technique. The 
proximal end of the endarterectomy is extended to the endpoint or most normal 
level of the intima (big arrow). 

FIGURE 5.12D. Vein patch. Proximal (large arrow) and distal (two small arrows) 
ends. The external carotid artery is shown in relation to the vein patch (triangular 
arrow). 
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FIGURE S.13A. Angiogram shows high grade stenosis at the right internal carotid 
artery (arrow) with complete occlusion of the external carotid artery (nonvisualiza
tion). 

FIGURE S.13B. Specimen. High grade stenosis at right internal carotid artery. 
(arrow) . Completely occluded orifice of the external carotid artery (two triangular 
arrows) with endpoint of external carotid endarterectomy (large arrow). A large 
complex ulcer filled with friable, cheesy material (two arrows) at common carotid 
artery. 
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FIGURE 5.13C. Vein patch with distal (triangular arrow) and proximal (two triangu
lar arrows) ends. After endarterectomy of the external carotid artery in conjunc
tion with the common-internal carotid endarterectomy, blood flow is established to 
the external carotid artery (arrow). 

FIGURE 5.14A. Angiogram shows segment of stricture. Because of sudden progres
sion of stable, mild stenotic lesion to a hemodynamically significant stenosis and 
occurrence of symptoms, patient was treated surgically. 
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FIGURE 5.14B. Specimen shows stenosis (two triangular arrows) with subintimal 
hemorrhage. At the proximal internal carotid artery (large arrow), stenosing 
plaque was removed in conjunction with endarterectomy specimen (two arrows) 
even though angiogram did not show significant stenosis at the proximal external 
carotid artery. 

FIGURE 5.14C. Vein patch with proximal (one arrow) and distal (two arrows) ends. 
The external carotid artery is shown with the first branch being dissected free 
(triangular arrow). 
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FIGURE 5.15A. Angiogram shows multiple filling defects suggesting mUltiple 
thrombi (triangular arrows) . 

FIGURE 5.15B. Close-up film shows the same defects (triangular arrows) . 
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FIGURE 5.15C. Specimen. Subintimal hemorrhage at the distal common carotid 
artery (arrow) with a large ulcer (two arrows) and mUltiple thrombi (triangular 
arrows). 

FIGURE 5.16A. Aortic arch angiogram shows high grade stenotic and pseudo
occlusive lesion at the left internal carotid artery (two arrows) with incidental mild 
stenotic lesion at the left subclavian artery (triangular arrow), which is not hemo
dynamically significant. 
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FIGURE 5.16B. Specimen. Extensive subintimal hemorrhage extending from the 
common carotid artery into the internal carotid artery (big arrow), and complex 
ulcer filled with atheromatous material and thrombi (triangular arrow) . Distal end
point at the internal carotid artery is seen on the right hand side of the specimen 
(two big arrows). 

FIGURE 5.17A,B. Angiographic films show a moderate degree of stenosis but with 
large ulcerating plaque (arrow) at the right internal carotid artery. 
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c 
FIGURE S.17C. No major stenotic lesion is seen on the left carotid artery system of 
the same patient. 



5. Carotid Endarterectomy (How I Do It, A Safe Approach) 77 

FIGURE 5.17D. Specimen shows an organized clot at the ulcer (two arrows) with 
proximal (triangular arrow) and distal (two triangular arrows) endpoints. 

FIGURE 5.17E. Vein patch with proximal (triangular arrow) and distal (two triangu
lar arrows) ends. 
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FIGURE 5.18A. Angiogram shows high grade stenosis at the right internal carotid 
artery (arrow). 

FIGURE 5.18B. Angiogram of the same patient shows one-year-old carotid endar
terectomy and vein patch with proximal end (arrow). 
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FIGURE 5.18C. The same angiogram shows vein patch with the distal end (arrow) . 

FIGURE 5.18D. Specimen shows high grade stenosis (two arrows) and subintimal 
dissection and hemorrhage (arrow) with proximal (triangUlar arrow) and distal 
(two triangular arrows) endpoints. 
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FIGURE S.19A. Angiogram shows a long segment of stenotic lesion at the right 
internal carotid artery (two arrows). 

FIGURE S.19B. Angiogram of the same patient shows moderate stenosis at the left 
internal carotid artery (arrow). 
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FIGURE 5.19C. Specimen shows severe stenosis with ulcers (two triangular arrows), 
extended plaque into the distal internal carotid artery (three arrows). The proximal 
end ofthe specimen is on the right hand side (two big arrows) . 

FIGURE 5.19D. Vein patch after endarterectomy with proximal (two arrows) and 
distal (one arrow) ends. External carotid artery (triangular arrow) is seen in rela
tionship with the vein patch. 
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FIGURE S.20A. Angiogram shows high grade stenosis with near occlusion at the left 
internal carotid artery (triangular arrows). 

FIGURE S.20B. Angiogram of the same patient with status post-right carotid endar
terectomy with widely patent common-internal carotid artery system (arrows) for 
the past 12 years after surgery with primary closure. 
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FIGURE 5.21A,B. Angiograms show restenosis nine years after carotid endar
terectomy and vein patch (arrows). 
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6 
Techniques for Transthoracic 
Reconstruction of the Supraaortic 
Trunks 

RAMON BERGUER 

The supraaortic trunks (SAT) are the branches of the aorta extending up to 
the take-off of the vertebral arteries and to the carotid bifurcations. 

Reconstruction of these vessels is usually done using the cervical 
approach, generally with horizontal bypasses that often cross the midline. 
In the seventies the popularity of the cervical approach was derived in part 
from data indicating that direct anatomic reconstruction through the ster
num was riskier and also from lack of familiarity with the transthoracic 
approach. Today, improvements in anesthetic and surgical technique have 
brought the mortality of transthoracic reconstructions down to 3-5%, simi
lar to that noted following cervical reconstructions. 

Reconstructions of the SAT have become more frequent. Patients with 
multiple SAT lesions are seen more often since four-vessel arteriography, 
including two views of the arch, is part of the standard work-up for patients 
with cerebrovascular symptoms. In addition, it is accepted that about half, 
if not more, of cerebrovascular ischemic pathology is caused by thrombo
embolization as opposed to restriction of blood flow. Ulcerative disease 
of the innominate artery, without severe stenosis, may cause the same 
symptoms as a similar carotid bifurcation plaque. Since techniques for 
extrathoracic reconstruction of the supraaortic trunks do not always permit 
an easy exclusion bypass of thromboembolic lesions, particularly of the 
innominate artery, indications for transthoracic reconstruction have in
creased. 

Today we limit the extrathoracic approach to patients who present with 
symptomatic and single lesions of the subclavian or common carotid arte
ries. These patients usually undergo a transposition of the involved vessel 
into the neighboring subclavian or common carotid artery, whatever the 
case may be. We have practically abandoned the technique of carotid sub
clavian bypass for proximal subclavian artery disease except in patients 
who have had a left internal mammary anastomosis to a coronary artery 
and now have either coronary or arm symptoms because of stenosing dis
ease of the proximal subclavian artery. These patients must be managed by 
carotid subclavian bypass. The cervical approach is also considered in pa
tients who had a previous midsternotomy, particularly if done for an aorto-
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coronary bypass operation, and in those patients who have poor pulmo
nary reserve. In the first case reentering the mediastinum is fraught with 
complication, and injury to a previously placed aortocoronary bypass could 
be fatal. 

The transthoracic approach.is recommended for severely stenosing or 
embolizing lesions of the innominate artery and for the synchronous repair 
of multiple lesions involving the innominate, subclavian and common 
carotid arteries. It is also the technique of choice in patients who are to 
undergo an aortocoronary revascularization and have severe and multiple 
disease of the SAT. Both operations can be done in the same setting. If 
present, the existence of severe left proximal subclavian disease should be 
repaired at the same time as the other symptomatic trunks if the patient 
is a potential candidate for coronary artery reconstruction in the future, to 
permit a later left internal mammary transposition. 

By far the most common lesion involving the SAT is an atherosclerotic 
plaque. The second, but much less common indication, is Takayasu's dis
ease, which typically involves all the SAT but spares the vertebral artery. 
The latter is often the remaining avenue for brain supply in these patients. 
Rarely, a posttraumatic aneurysm of the innominate artery or a chronic 
embolus, lodging in one or more of the SAT, may constitute a surgical 
indication. 

Transsternal Reconstruction of the SAT 

The incision is the standard midsternotomy usually prolonged for an inch 
or two into the right side of the neck to obtain easy access to the bifurcation 
of the innominate artery below the strap muscles. If the bypass is to be 
tented to a carotid bifurcation, the incision is prolonged anterior to the 
sternocleidomastoid on the appropriate side. If both carotid bifurcations 
need to be exposed, the incision is usually prolonged into the right side, up 
to the carotid bifurcation. A separate carotid incision on the left side will 
be used to access the left carotid bifurcation. If the reconstruction is pro
longed to the carotid bifurcation on one side, usually the right, the head is 
slightly turned to the left. If both carotid bifurcations need to be 
approached, the nasotracheal tube is brought over the midline and taped to 
the forehead to permit rotation of the head to both sides for the carotid 
anastomoses. The Swan-Ganz catheter is placed through the left side for 
reconstructions involving the innominate artery or left common carotid 
artery. If the left subclavian artery is one of the SAT to be revascularized, 
the Swan-Ganz catheter is inserted through the femoral approach, since 
exposure of the left subclavian through the midline requires division of the 
brachiocephalic vein. 

After division of the sternum and hemostasis of its periosteal edges, the 
thymus is dissected through its midline and preserved for ulterior coverage 
of the prosthesis at the time of closure. The brachiocephalic vein is dis-
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sected and any thymic or thyroid venous branches entering it are divided to 
free the vein and permit its mobilization. On the right side the strap mus
cles are divided to expose the bifurcation of the innominate artery and the 
proximal portion of its two branches. The pericardium is opened from its 
reflection, usually about the take-off of the innominate artery, down to the 
right ventricular surface. The pericardial edges are cauterized and gently 
tented up with stay sutures. The pericardial stays on the right side should 
not be pulled tight to avoid interference with the drainage of the superior 
vena cava. 

The appropriate distal vessels are dissected. The dissection of the in
nominate artery bifurcation must be done with care to avoid injuring the 
recurrent nerve. The latter can be injured both when dissecting the 
proximal right subclavian artery and when freeing the posterior wall of the 
most proximal right common carotid artery. The proximal common carotid 
and subclavian arteries are slung with tapes. If one of the distal anastomo
sis of the graft is going to be made to the right carotid bifurcation, the latter 
is dissected at this point. On the left side, if the disease of the common 
carotid artery is located below the strap muscle, the artery is exposed 
through the chest. If the disease of the common carotid artery extends 
distal to the strap muscles, the left carotid bifurcation is approached 
through a separate neck incision for the distal anastomosis of the left limb 
of the graft. 

Contrary to common belief, the proximal segment of the left subclavian 
artery can be approached safely through an anterior sternotomy. This ex
posure requires division of the brachiocephalic venous trunk to permit fur
ther opening of the sternal retractor. The proximal left subclavian artery 
can then be exposed up to the take-off of the left vertebral artery. 

Endarterectomy of the Innominate Artery 

We use this technique exclusively in individuals who have lesions involving 
the distal half of the innominate artery. In those who have lesions of the 
ostium of the innominate artery, which is the most frequent situation, the 
proximal break-off of the plaque during endarterectomy often presents 
technical problems. More importantly, the exclusion clamping of the in
nominate artery may result in involuntary occlusion of the ostium of the 
neighboring left common carotid artery or in the fracture of the plaque at 
its origin. 

The classic description by Wylie involves clamping the origin of the right 
common carotid and right subclavian arteries as well as the origin of the 
innominate artery, the latter with a partial exclusion clamp (the" J" clamp) 
especially designed for this purpose. The endarterectomy should not be 
carried deep into the external elastic lamina because this could lead to a 
frail wall, which may be difficult to close and may cause bleeding. In most 
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cases the endarterectomy is terminated proximally by cutting the plaque 
and tacking the intima about the origin of the innominate artery with a 
continuous suture. Failure to tack the intima may result in a flap or subin
timal dissection of the aortic arch. The appeal of this operation is that it 
reestablishes anatomic continuity and does not require the use of a pros
thetic. Its indications, however, are limited. 

Ascending Aorta to SAT Bypass 

This is the technique most frequently used. The dissection does not need to 
include the origin of the innominate artery or of the left common carotid 
artery-it is limited proximally to the proximal ascending aorta where the 
quality of this artery is best, and distally to the recipient vessels, whether 
they be in the chest or in the neck. 

Once an appropriate segment of the ascending aorta has been isolated, 
the systemic pressure is pharmacologically lowered with nitroprusside or 
isoflurance to 100-110 mm Hg systolic. Using a Lemole-Strong clamp (Fig 
6.1) an adequate portion of the wall is excluded. The arterial line monitor 
is observed, noting if there is any change in systolic pressure. If this is the 
case it is likely that too much aorta has been excluded, causing outflow 
obstruction and requiring replacement of the clamp. Once the clamp is 
applied the excluded aorta is aspirated with a needle, seeing that it does 
not fill again. An arteriotomy is made and a small sliver of the wall is 
excised to facilitate anastomosis. 

Choice of Graft 

The graft we use is PTFE although a collagen-impregnated Dacron graft is 
also suitable. When there is more than one trunk to be inserted, some 
have advocated the use of an inverted bifurcation graft. This is not the best 
solution because the geometry of the bifurcation graft is such that it will 
usually result in crowding of the anterior mediastinum and compression of 
the airway or venous structures. If one were to use an inverted bifurcation, 
the limbs that will match an innominate artery or carotid are generally a 
size 10 or 8. This will call for a prosthesis with a trunk of size 20 or 16, 
which, after beveling for anastomosis, will require an unnecessarily large 
aortotomy, will occupy too much space in the anterior mediastinum, and is 
more likely to kink against the sternum or compress the anterior mediasti
nal structures. 

Our choice is a size 10 graft anastomosed to the ascending aorta. If the 
artery to be bypassed is the innominate, a size 10 prosthesis will match well 
the size of the distal anastomosis. To these, main graft branches of size 8 
are added that will extend to the other SAT. 
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FIGURE 6.1 Partial exclusion clamping of the ascending aorta and aortotomy. A 
small sliver of the aortic wall is excised and the prosthesis is anastomosed to it with 
open technique. 

The proximal anastomosis is done to the ascending aorta using a con
tinuous 3-0 polypropylene (Fig. 6.1). If the wall of the aorta is friable, it is 
sandwiched between a Teflon strip outside and the graft inside. When test
ing the proximal anastomosis, the patient is placed in Trendelenburg to 
avoid causing embolization from any pocket of air in the proximal graft 
that may escape into the ascending aorta rather than into the graft being 
purged. The graft is then clamped immediately above the anastomosis, and 
the patient is returned to the normal position. If any branches (size 8) are 
to be tented to the left common carotid or left subclavian artery, they are 
sewn into the graft at this point. The anastomosis of a branch to the main 
graft is done as low as possible to avoid kinking and crowding of the high 
portion of the thoracic inlet. Once the side branch (or branches) has been 
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FIGURE 6.2. In an aorto-innominate bypass the planes of the anastomoses at both 
ends of the graft are at 90° from each other. 

anastomosed to the main prosthesis, it is excluded with a clamp before 
proceeding with the distal anastomosis of the main graft. 

At this point 7000 units of of intravenous heparin are given, and the 
distal vessels are prepared for anastomosis. If the distal anastomosis is to 
be done to the innominate artery bifurcation (Fig. 6.2), the right common 
carotid and subclavian arteries are clamped. The innominate artery is 
clamped in its midportion and divided above this clamp. If the bifurcation 
of the innominate artery is free of disease, the distal anastomosis is done in 
an end-to-end manner using 5-0 polypropylene. It is best to use a thin 
needle to suture this vessel which has a rather friable wall. The size 10 
prosthetic tube lies better when it rests on top of the brachiocephalic vein . 
Following the distal anastomosis and after appropriate backward and for
ward bleeding, flow is resumed (Fig. 6.3), first into the arm and then into 
the common carotid artery. 

A number of configurations (Fig. 6.4) may be used for the distal anasto
mosis of an innominate artery bypass depending on whether the disease 
extends into the common carotid, subclavian artery or both. 

There are two techniques that may be used if the distal anastomosis on 



FIGURE 6.3. Sequence of declamping after completing the anastomoses of an aorto
innominate bypass. 
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FIGURE 6.5. Distal anastomosis of the limb of a prosthesis to the carotid bifurcation 
after transsection and eversion endarterectomy of the latter. 

either side is to be made to a carotid bifurcation. One is to transsect the 
common carotid artery and to open the carotid bulb posteriorly (Fig. 6.5). 
This permits an eversion endarterectomy of the internal and external ca
rotid arteries. The graft is then sewn end-to-end onto this arteriotomy as 
a patch extending into the internal carotid artery. While this technique is 
sound, it is sometimes noted in follow-up arteriograms that the elongation 
inevitably occurring after transsection of the bifurcation and dissection of 
the internal and external carotid arteries may result in a kink at the tip of 
the patch. Our preference today is to do a standard endarterectomy of the 
bifurcation plaque anastomosing the graft end-to-side to it as a patch (Fig. 

<J------------------------------------------------------
FIGURE 6.4. Different solutions for the distal anastomosis of a bypass from the 
ascending aorta to the bifurcation of the innominate artery. 
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FIGURE 6.6. Distal anastomosis of the prosthesis limb to the carotid bifurcation 
after a standard arteriotomy and endarterectomy. The distal end of the prosthesis is 
sewn as a lay-on patch. The end-to-side anastomosis is made functionally an end-to
end by the precise application of two large hemoclips secured with sutures, 
obliterating the common carotid artery. 

6.6) . The proximal carotid artery is then excluded with two large he moclips 
affixed with sutures transforming this end-to-side into a functional end-to
end anastomosis. Since the bifurcation has not been cut and freed , there is 
less elongation or tendency to kink in the future. 

Once the distal anastomosis of the main graft has been completed, flow 
is established through it before clamping the opposite carotid. Failure to do 
so may result in severe brain ischemia. The most frequent reconstruction 
involves the innominate and left carotid arteries (Fig. 6.7). If all three 
branches need to be revascularized, the main graft is placed in the in
nominate artery, and the side branch is extended, usually to the left subcla
vian artery implanting the left common carotid artery in this branch (Fig. 
6.8). Under favorable anatomic circumstances one may also choose to 
anastomose the side branch to the left common carotid artery, allowing a 
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FIGURE 6.7. The most common pattern of revascularization in transthoracic recon
struction of the supraaortic trunks involves the innominate and left common carotid 
arteries. The anastomosis of the left-sided branch should be low, near the proximal 
anastomosis of the main bypass graft, so the the prosthesis emerges from the 
mediastinum on the left side of the trachea. 

bit of a loop that will permit an end-to-side anastomosis of the proximal left 
subclavian to this graft. 

The closure of the stump of the IA is done after reestablishing flow 
through the bypass into the latter artery. The stump is closed with a mat
tress suture in one direction, completed with an over-and-over suture in 
the opposite direction. 

When side branches extend to the left side, particularly to the subcla
vian, it is important to loosen the sternal retractor to estimate the optimal 
length of this branch. Failure to do so may result in redundancy or kinking 
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FIGURE 6.8. One of the solutions to the revascularization of the three supra aortic 
trunks. 

of the side branch when the sternum is closed. Once the anastomoses 
are completed heparin is reversed. The integrity of the pleural space is 
checked. If the pleura has not been entered, a single mediastinal tube 
is left in the low mediastinum and brought through a subxiphoid stab 
wound. The thymus is approximated to cover the graft in the midline , sepa
rating it from the sternum. Above the thymus the strap muscles may also 
be approximated to cover the graft. The sternum is closed with wires, and 
the skin and subcutaneous tissue are closed with polyglycolic suture. 

Transthoracic Reconstruction of the Left Subclavian 
Artery 

The few indications for a transthoracic reconstruction of the left subclavian 
artery are the need to repair this vessel in a patient in whom a previous 
neck reconstruction, usually a carotid-subclavian bypass, has failed, and in 
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FIGURE 6.9. Revascularization of the left subclavian artery through a left lateral 
thoracotomy. The proximal anastomosis is constructed into the ascending aorta by 
partial exclusion clamping. The distal anastomosis is end-to-end to ti" first segment 
of the subclavian artery. 

individuals who have had neck irradiation or sepsis from a previous supra
clavicular operation, making the dissection of the subclavian artery haz
ardous. 

The patient is intubated with a Carlens tube to decompress the left lung 
during the operation. The approach is a left lateral thoracotomy through 
the fourth intercostal space. After depressing the lung, the subclavian is 
identified at the dome of pleura. The first segment of the subclavian artery 
is dissected beneath the pleura, taking care not to injure the phrenic and 
vagus nerves that cross in front of the left subclavian artery. The superior 
intercostal vein runs between these two nerves. 

Direct endarterectomy of the subclavian artery is hardly ever used. It 
requires dissection of the distal portion of the arch and often presents prob
lems with the break-off of the plaque at the level of the aorta. Our prefer
ence is a bypass originated in the descending aorta. Once the subclavian 
has been dissected, a segment of the proximal descending aorta is isolated 
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for enough length to permit placement of a lateral exclusion clamp (Fig. 
6.9). Once the clamp is applied the adequacy of this lateral clamping is 
checked by a good distal pressure through a femoral arterial line. After a 
needle aspiration indicatt?s that the exclusion clamping is adequate, an 
aortotomy is made and a size 8 PTFE graft is anastomosed using a 3-0 
polypropylene suture. After testing this anastomosis the patient is sys
temically heparinized. If a corrugated collagen Dacron graft is used, the 
anastomosis is tested and the graft is clamped distally, allowing it to dis
tend under pressure to assess the proper length needed to reach the sub
clavian artery. The subclavian artery is cross-clamped and divided, and the 
graft is anastomosed to it with 5-0 polypropylene suture. At the conclusion 
of the anastomosis, flow is reestablished and heparin is reversed. High and 
low chest tubes are left in the left thoracic cavity, and the thoracotomy is 
closed. 



7 
Techniques for Reconstruction of the 
Vertebral Artery 

RAMON BERGUER 

The lesion most commonly affecting the vertebral artery (VA) is a plaque 
stenosing its takeoff from the subclavian artery. This lesion alone is re
sponsible for approximately 70% of all VA reconstructions. In its intra
spinal course the V A is affected by atherosclerosis and by other entities; 
however, from C2 up to the atlanto-occipital membrane, where the artery 
becomes intradural, the artery is usually spared from disease. The correc
tion of compression or occlusion of the V A in its intraspinal course is done 
by accessing the distal vertebral artery at the ~-Cl intervertebral space. 
This segment of the artery, as mentioned above, is seldom involved by 
disease and is the widest gap between any of the transverse processes. This 
permits the surgeon to work in the distal VA with relative ease. Very rare
ly, usually in the course of repairing an aneurysm, will the V A have to be 
dissected above the transverse process of C1 in its horizontal portion below 
the occipital bone. 

Although the gist of this chapter is the discussion of technical options for 
the repair of the VA, it is worth stressing beforehand that the standard 
4-vessel arteriogram is often inadequate to identify all the potential lesions 
of the extracranial VA. A full arteriographic study of the various intrinsic 
and extrinsic lesions involving the V A often requires selective catheteriza
tion of the parent subclavian artery, obtaining films with the neck and body 
in special positions. It is also pertinent to note that unless the surgeon is 
dealing with a thromboembolic lesion, unilateral VA lesions in patients 
who have a normal contralateral VA do not constitute a surgical indica
tion. When patients are operated to correct flow-restrictive lesions, these 
must be severe and involve both vertebrals or the clearly dominant one. 

Technique For Proximal Vertebral Artery 
Reconstruction 

There are two techniques to correct severe lesions of the ostium of the VA. 
The best and simplest technique is the transposition of the proximal V A to 
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the posterior wall of the adjacent common carotid artery. In our practice, 
this technique is used in over 90% of proximal V A reconstructions. There 
are, however, circumstances where cross-clamping of the common carotid 
artery is not desirable, such as when the contralateral internal carotid 
artery is occluded or when the ipsilateral common carotid artery is severely 
diseased. In such cases the reconstruction of the VA is based on the ipsi
lateral subclavian, either by tending a subclavian-vertebral bypass or, if 
there is enough redundancy in the VA, transposing it to another subclavian 
site. 

For a transposition of the proximal V A to the common carotid artery, 
the VA is approached through the intersternocleidomastoid space. The 
short oblique incision at the base of the neck, drawn from the head of the 
clavicle, allows dissection between the two bellies of the sternocleidomas
toid as they separate near their lower insertions. The jugular vein encoun
tered at the bottom of the field is retracted laterally with the vagus nerve . 
The common carotid artery is dissected and slung with silastic tape. The 
surgeon then exposes the common carotid artery as far down into the 
mediastinum as feasible. The thoracic duct is identified, ligated, and cut as 
it emerges from behind the common carotid artery to curve transversely 
into the left jugulo-subclavian confluent. On the right side accessory ducts 
are regularly seen. These lymphatic vessels are ligated and then divided to 
avoid a postoperative lymph leak. The main anatomical landmark for 

FIGURE 7.1. The approach to the proximal vertebral artery. The division of the 
vertebral vein permits identification of the underlying vertebral artery. 
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FIGURE 7.2. Left: Relationship of the lower sympathetic ganglia to the vertebral 
artery. Right: After division of its origin the artery is passed through this loop, 
freeing any attachments that might exist between the sympathetics and the adventi
tia of the artery without damaging either. 

finding the V A is the vertebral vein. Once this vein is identifieJ it is doubly 
ligated and divided (Fig. 7.1). The VA lies beneath it. 

The anatomy of the sympathetics as they relate to the V A at the base of 
the neck merits some mention. The middle cervical ganglion when located 
low in the neck (below C6) is also called the intermediate ganglion. The 
lower cervical ganglion in the majority of patients fuses with the first tho
racic ganglion to form the stellate ganglion. The connections between the 
middle and lower (or stellate) ganglia pass both in front and behind the V A 
and must be preserved during dissection of its first segment. We normally 
isolate the artery above and below the sympathetic trunks (Fig 7.2). After
wards, with the patient systemically heparinized, the V A is divided from 
the subclavian artery pulling its distal end free through this sympathetic 
loop while freeing whatever adhesions there may be between the sym
pathetic nerves and the adventitia of the artery. The V A is then brought 
into proximity of the common carotid artery for anastomosis . The VA is 
prepared for anastomosis by spatulating its end. The common carotid 
artery is cross-clamped and an arteriostomy made in its posterior wall with 
an aortic punch. The anastomosis of the V A to the common carotid is done 
by open technique using 7.0 polypropylene suture. 
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Technique for Distal Vertebral Artery Reconstruction 

Reconstruction of the distal VA requires techniques that are lesser known. 
The approach to the artery is at the level of the ~-Ct interval between the 
transverse processes. Although there are three main technical alternatives 
for reconstruction of the VA, the approach to the Cz-Ct segment is the 
same for aU of them and is described below. 

The incision is anterior to the sternocleidomastoid. The neck is 
approached through the retrojugular space dissecting between the jugular 
vein and the sternocleidomastoid muscle and isolating the spinal accessory 
nerve . This nerve is followed up to the level of Ct. This prominent bony 
landmark is easily identified by the palpating finger. After removing some 
of the fibrofatty tissue that covers the levator scapula, its anterior and pos
terior edges are identified. The anterior ramus of C2 or its branches are seen 
emerging from beneath the anterior edge of the levator scapula (Fig. 7.3). 

\ 
\ 

FIGURE 7.3 . Identification of the anterior edge of the levator scapula. 
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FIGURE 7.4. Once the levator has been divided, the anterior ramus of C2 can be cut 
before its bifurcation. 

The levator scapula is cut immediately below its insertion at C1. This per
mits identification of the trunk of the anterior ramus of C2 . This nerve 
trunk is cut proximal to its division (Fig. 7.4). 

Cutting the anterior ramus of Cz permits identification of the V A, which 
runs perpendicularly and beneath it, surrounded by the vertebral veins 
(Fig. 7.5) . The vertebral veins are dissected away from the VA, and the 
latter is then looped and freed for a sufficient length to construct an anasto
mosis to it. 

Three basic techniques are used in the reconstruction of the distal V A 
once the segment C1-Cz is dissected. The most frequent is a common 
carotid to distal V A autogenous saphenous vein bypass. In this technique, 
once an appropriate saphenous vein has been obtained, the patient is 
heparinized and the distal VA is cross-clamped. The anastomosis of the 
vein graft to the artery is end-to-side (Fig. 7.6) using an open technique 
and, if the artery is small, interrupted stitches in the upper half. The suture 
should be 7.0 or 8.0 polypropylene. Once the anastomosis is completed it is 
back bled and tested. If suitable, the proximal end of the vein graft is 



/ 
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FIGURE 7.5. A suture retracts the distal end of the anterior ramus of Cz. The verte
bral artery covered by the vertebral vein plexus is deep to the nerve and perpen
dicular to it. 

\ 
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FIGURE 7.7. Schematic representation of the common carotid to distal vertebral 
bypass. Note the distal anastomosis has been converted functionally into an end-to
end junction by the application of a hemoclip below it. 

passed under the jugular vein and anastomosed to the common carotid 
artery. For this the common carotid artery is cross-clamped clearly below 
the bifurcation so as not to involve any plaque that may be present there 
(Fig 7.7). 

An alternative technique for reconstruction of the distal V A is to trans
pose the external carotid artery to it (Fig 7.8). This operation is usually done 
in younger individuals who have extrinsic compression of the V A in the 
intraspinal portion and carotid bifurcations free from atheromatous dis
ease. The appeal of this technique is that it does not involve clamping of 
the internal carotid artery. The external carotid artery is dissected to a 

<1----------------------------------------------------
FIGURE 7.6. Distal anastomosis of the common carotid to distal vertebral bypass. 
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FIGURE 7.8. Transposition of the external carotid to the distal vertebral artery. 

point beyond the digastric muscle, ligating all of its branches and dividing 
the end of the dissected segment. The freed external carotid artery is ro
tated in front of the internal carotid artery, passed under the jugular vein 
and anastomosed to the distal VA either end-to-side, as described for the 
vein graft technique or, if the artery is a bit short, end-to-end. The V A in 
the latter case is swung toward the external carotid artery for an easy 
reach. 

The third technique for reconstruction of the distal V A is the transposi
tion of the distal V A to the cervical internal carotid artery (Fig. 7.9) by an 
end-to-side anastomosis, which will make the distal V A a branch of the 
distal cervical internal carotid artery. For this the internal carotid artery 
and the distal VA are freed for an adequate length to permit swinging the 
latter into the former. The anastomosis is end-to-side . If the arteries are 
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FIGURE 7.9. Transposition of the distal vertebral artery to the distal cervical inter
nal carotid artery. 

small the front half of the anastomosis may be done with interrupted su
tures of 7.0 or 8.0 polypropylene. This technique should not be used in a 
patient with a contralateral internal carotid occlusion because the risk for 
cerebral ischemia would be prohibitive. 
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Combined Carotid and Coronary 
Artery Surgery 

D.P. HALPIN, S. RIGGINS, J.D. CARMICHAEL, J.H. ISOBE, 
J.L. MATHEWS, T.R. KAHN, and T.A. GASKIN 

Summary 

Simultaneous coronary artery bypass grafting (CABG) and carotid endar
terectomy (CE) were performed on 133 patients over an eight-year period. 
Twenty-seven patients (20%) had previous TIAs, 12 (9%) had previous 
strokes, the remainder were asymptomatic (71 %). All asymptomatic pa
tients had greater than 85% stenosis of the internal carotid artery dem
onstrated by noninvasive ultrasound and four-vessel angiography. CE was 
performed prior to the sternotomy for coronary artery bypass under the 
same anesthesia. Nineteen patients had bilateral carotid artery disease. 

Postoperatively three patients suffered strokes (2.2%), an additional 
three patients (2.2%) suffered transient upper extremity weakness; one 
patient from each of these groups died. There were no post-op strokes or 
TIAs in patients with bilateral carotid artery disease. Average length cf 
hospital stay was 10 days. Our experiences lead us to conclude that the 
morbidity/mortality of the simultaneous procedure is not affected by bi
lateral carotid artery disease. We believe that in patients with symptomatic 
coronary artery disease and symptomatic carotid artery disease, or asymp
tomatic carotid artery disease with a high grade stenosis, simultaneous re
pair of both lesions should be undertaken. 

Introduction 

Surgical management of combined carotid and coronary artery disease is 
controversial. The incidence of carotid artery disease in patients under
going coronary artery surgery is reported to range from to 6-16%,1 while 
the incidence of coronary artery disease in patients undergoing carotid 
artery surgery in some series is as high as 25-54%.2 Patient mortality rate 
for carotid artery surgery for those who have significant coronary artery 
disease is reported by Ennix et al. to be as high as 18%,3 coronary-related 
events accounting for 50-75% of late deaths in this group. 4 
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The incidence of stroke is reported to be as high as 10% in patients with 
significant carotid artery disease who undergo coronary artery bypass 
surgery. The initial period of hypotension associated with the institution of 
extracorporeal circulation and the decrease mean and pulsatile flow and 
pressure may be associated with sudden cerebral hypoperfusion in some 
patients. In 1972 Bernhard demonstrated a significant reduction in cardiac 
morbidity in a group of patients undergoing simultaneous carotid endar
terectomy and myocardial revascularization compared with a similar group 
undergoing staged carotid repair followed by coronary artery bypass graft 
at a later date.s This combined approach was subsequently advocated by 
others. 6,7,8 We present here our experience with the simultaneous ap
proach to this complex lesion. 

Materials/Methods 

From 1982-1990, 133 patients had coronary artery bypass surgery and 
carotid surgery performed simultaneously, Data was obtained from patient 
chart review. A total of 84 men and 49 women were studied with an aver
age age of 66 (range 45-88). A history of cigarette smoking and hyperten
sion was present in 57% and 60%, respectively, 28% were diabetic, and 
19% had type II hyperlipidemia. All patients had severe coronary artery 
disease-30% presenting with unstable angina, 45% with stable angina. 
Previous myocardial infarction, demonstrated by EKG, was present in 
9.7%. Coronary angiography showed that 24% had left main stem disease. 
One hundred thirty patients (76%) had triple vessel disease. Patients con
sidered to be at risk for a stroke, either by the history of neurologic events 
or by the presence of a carotid bruit, underwent ultrasonic duplex scan
ning of the carotid arteries. All patients with a high grade (>85% carotid 
stenosis) underwent arteriography and carotid endarterectomy, followed 
by coronary artery bypass during the same anesthesia. Neurologic exams 
were performed postoperatively in all patients. Cardiopulmonary perfu
sion techniques were standardized with a bubble oxygenator and moderate 
hemodilution and flow reduction (1.6 lIm2/min) with cooling to 30°C. 
Perfusion pressures were not modified unless they were consistently less 
than 40 mm Hg. 

Results 

There were 15 postoperative complications in 133 patients (Table 8.1) 
and three patients (2.2%) suffered permanent neurological deficit, two 
of whom were able to live independently and one of whom died in the hos
pital. Three more patients (2.2%) suffered transient upper extremity 
weakness, which resolved completely. There were six (4.5%) post-op 
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TABLE 8.1. Postoperative complications. 

TIA 
eVA 
Myocardial infarction 
Ventricular dysfunction 

requiring IABP 

Operative morbidity in 133 patients 

Number 

3 
3 
6 

3 

% 

2.2 
2.2 
4.5 

2.2 

myocardial infarcts, demonstrated by EKG and enzyme changes. Average 
hospital stay was 10 days (range 5-30). Nineteen patients were identified 
with bilateral significant carotid stenosis, nine of whom had one occluded 
internal carotid artery. None of these patients suffered neurologic mor
bidity or mortality postoperatively. 

Discussion 

Various authors have reported their experience in dealing with coexisting 
carotid and coronary disease. Initial reports of staged and simultaneous 
procedures indicated a favorable outcome with the simultaneous approach. 
Bernhard et al. 5 in 1972 reported on 31 patients, 15 having staged proce
dures, the remainder simultaneous procedures. Three patients (20%) died 
of cardiac complications prior to myocardial revascularization in the first 
group, while only one patient (6%) in the second group had a permanent 
neurological deficit. Morris and associates, in a retrospective study of 79 
patients, compared both approaches and found the simultaneous proce
dure gave the best long-term results. 9 

In contrast Craver et al. reported a series of 68 patients with no deaths 
and a 7.5% incidence of stroke in patients undergoing simultaneous 
procedures. 10 Hertzer and colleagues at the Cleveland Clinicll echoed this 
high stroke rate in reporting 115 simultaneous operations. They noted an 
8.7% incidence of stroke and a mortality of 4.3%. These results were com
pared to stroke rate of 3.1 % and a mortality of 1.7% in 59 patients who 
underwent staged repair. It is of note that most of the morbidity occurred 
in patients with contralateral carotid artery disease. If the contralateral 
carotid was normal, neurological deficit occurred in only 1.5%. With a 
contralateral carotid stenosis of greater than 50%, the incidence of perma
nent neurological deficit was 6.7%. 

Similarly, Carey and Cuningnan12 encountered two postoperative 
neurological deficits in four patients undergoing simultaneous procedures, 
which they attributed to disease in the nonoperated carotid artery. 

In contrast our series showed 19 patients identified with greater than 
70% stenosis of the contralateral carotid artery, nine of whom had contra-
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lateral occlusion. There was no neurological morbidity or mortality in this 
group. 

From our experience and the data reported, several conclusions can be 
reached. Carotid and coronary artery disease frequently coexist. Patients 
seen for coronary artery surgery require clinical assessment for carotid 
symptoms or a bruit. If present, neurological review, noninvasive studies 
and, if necessary, contrast studies are indicated. 

The presence of bilateral significant carotid artery stenosis in patients 
with coronary artery disease does not influence morbidity or mortality 
adversely. 

The approach for patients with coexistent carotid artery and coronary 
artery disease is not an obvious one. It should probably be tailored to fit 
individual patients. In our hands simultaneous repair of carotid and coro
nary arteries has substantial merit, the carotid artery being repaired prior 
to CABG. The low neurological morbidity and mortality in our series and 
others support the use of the combined approach. 
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Anomalous Branch of Cervical 
Internal Carotid Artery: 
Embryological and Technical 
Considerations 

CALVIN A. RIDGEWAY, ROBERT D. WILLIAMS, and 
L. BEATY PEMBERTON 

Arterial branches from the cervical portion of the internal carotid artery 
are unusual. However, surgeons who perform carotid endarterectomies 
encounter this situation occasionally. These branches may give rise to tech
nical problems. This paper will report a case and discuss embryological and 
technical aspects of cervical branches of the internal carotid artery. 

Case Report 

A 70-year-old white woman had a past medical history of a myocardial 
infarction approximately one year prior to admission and mild hyperten
sion. Her recent complaint of dizziness caused her physician to order a 
duplex scan, which demonstrated high grade stenotic lesions of the internal 
carotid arteries bilaterally. A digital subtraction angiogram was subse
quently performed (Fig. 9.1), which revealed a high grade stenosis of both 
internal carotids as well as a possible ulcerated lesion on the left side. Care
ful examination of this angiogram revealed another vessel, running parallel 
to the internal carotid artery, which appeared to be an artifact. At opera
tion, with the left common, internal, and external carotid arteries clamped 
and the shunt in place, there was troublesome back-bleeding. Further dis
section revealed that the back-bleeding was caused by an ascending pharyn
geal artery arising from the posterior surface of the internal carotid artery 
approximately one centimeter above the bifurcation. One week later, a 
right carotid endarterectomy was performed, and a duplicate of this artery 
was identified. 

Discussion 

The six aortic arches arise from the aortic sac in the fourth week of 
gestation.1 (Fig. 9.2). They are not present at the same time. The first and 
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FIGURE 9.1. This angiogram demonstrates a high grade stenosis of the internal 
carotid artery. The arrow points to the anomalous branch of the cervical internal 
carotid artery. 

second arches are gone by the time the sixth arch appears. By the eighth 
week, the aortic and brachiocephalic vessels have their adult appearance. 
The first arch yields the maxillary arteries and may provide portions of the 
external carotid. The common carotid and portions of the internal carotid 
arise from the third arch. 10 The dorsal aorta also supplies a portion of the 
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FIGURE 9.2. Transition of the primitive aortic arches to the adult state. The stippled 
area represents the dorsal aorta; the striped area is the third aortic arch. These 
combine to form the adult internal carotid artery. 

internal carotid. On the left side it continues as the descending aorta. The 
external carotid artery is a branch from the third arch,l which connects to 
portions of the vascular buds in the subpharyngeal region in order to pro
vide the adult external carotid artery wit~ its branches.2 ,3 

Anomalies arise when the vascular buds connect first and second arch 
remnants directly to the internal carotid instead of using the external ca~ 
rotid as an intermediary. 2,3 The most frequent anomalous branch is the 
ascending pharyngeal. 4 Several reports have described occipital arteries 
from the internal carotid.2 In 1965 Seidel described complete obliteration 
of the distal external carotid with all of its branches arising from the inter
nal carotid.5 Surgeons performing carotid endarterectomies will encounter 
one of these unusual branches of the internal carotid arteries. 

These internal carotid branches are important to consider in the diagno
sis of carotid occlusive disease as well as in its surgical treatment. Littooy 
described two cases of anomalous branches from the internal carotid that 
provided blood flow into the distal internal carotid even though the plaque 
had completely occluded the artery at its take-off from the common 
carotid.6 Both cases required additional dye studies. One required a ver-
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tebral injection with double subtraction in order to elucidate further the 
anatomy of these arteries. He went on to say that patients with an occluded 
proximal internal carotid artery with reconstitution must have a branch to 
maintain patency. Usually, a completely occluded internal carotid artery is 
a contraindication for a carotid endarterectomy. However, if the internal 
carotid receives blood flow from an anomalous branch, then the internal 
carotid is not completely occluded. These patients are still physiologically 
candidates for a carotid endarterectomy. 

During the performance of the endarterectomy, back-bleeding from 
these arteries may be troublesome.7,8 Brown described a case where the 
internal carotid bifurcated into two equal vessels with the anterior vessel 
providing normal circulation and the posterior vessel providing vertebral 
basilar circulation. Performance of this operation required the use of two 
Javid shunts, but he still had trouble with back-bleeding. Branches may not 
arise from the contralateral side.2 In the case presented they were symmet
rical. The branch did need to be occluded to prevent back-bleeding into the 
operative field. Back-bleeding during a carotid endarterectomy is the most 
common complication from all of these anomalous branches. 

In addition, the surgeon must keep in mind that the vagus nerve travels 
in the carotid sheath directly posterior to the normal internal carotid 
artery. Meticulous dissection techniques must be used in order to prevent 
injury to the vagus nerve with its subsequent complications. 
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Current Concepts for the 
Pathogenesis of Abdominal 
Aortic Aneurysms 

JONR. COHEN 

Abstract 

The classic description of abdominal aortic aneurysms as random variants 
of atherosclerosis occurring at a weakened site in the aortic wall is now 
being challenged by an increasing amount of data from recent clinical, 
genetic, and biochemical studies. The data from these studies suggest that 
abdominal aortic aneurysms develop in a logical, stepwise progression as 
related to a complex set of genetic, environmental, and biochemical factors 
that interact to alter aortic connective tissue metabolism. 

Introduction 

Abdominal aortic aneurysms (AAAs) occur in approximately 2% of the 
elderly population. 1 In 1988, 39,000 abdominal aortic aneurysm repairs 
were performed in this country for a total health cost of approximately 
$933,000,000, averaging $23,931 per patient.2,3 Abdominal aortic aneu
rysms are always found in association with significant aortic atheroscle
rosis and, because of this association, have been classically described as 
random variants of atherosclerosis that occur at a weak spot in the arterial 
wall. The aneurysm is thought to grow according to La Place's Law until it 
eventually ruptures. In contrast to this belief, clinical observations over the 
last 30 years and recent genetic and biochemical studies now suggest that 
aneurysmal pathogenesis is more likely related to an alteration in systemic 
connective tissue metabolism. 

Clinical Observations 

If one considers aneurysmal degeneration as a common manifestation of 
atherosclerosis, then distal aneurysms and aortic aneurysms would be com
monplace in the patient with diffuse arterial disease. This, however, is not 
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the case. It is unusual, if not rare, for a patient with superficial femoral 
artery disease, distal arterial disease, or aortoiliac obstructive disease to 
have distal arterial aneurysms. However, abdominal aortic aneurysms 
commonly occur in association with peripheral aneurysms, and patients 
with peripheral aneurysms frequently have associated aneurysms at other 
locations. In a study of 1,488 patients with abdominal aortic aneurysms, 
4% of the patients had associated peripheral aneurysms, and multiple 
aneurysms occurred in 83% of patients who had at least one peripheral 
aneurysm.4 In patients with a common femoral artery aneurysm, 95% had 
a second aneurysm, 92% had an aortoiliac aneurysm, and 59% had bilater
al femoral aneurysms. Among patients with popliteal artery aneurysms, 
78% had a second aneurysm, 64% had an aortic aneurysm, and 47% had a 
popliteal artery aneurysm on the contralateral side.4 In one study of 100 
consecutive femoral aneurysms, all patients were men, and 85% of these 
patients had an AAA.5 

Inguinal herniation is significantly higher in patients with abdominal aor
tic aneurysms (26%) compared to patients with aortic occlusive disease 
(15%). In addition, patients with abdominal aortic aneurysms have more 
severe herniation in terms of direct hernias, bilateral hernias, recurrent 
hernias, and early onset, suggesting that a systemic connective tissue dis
order causes both the weakening of the abdominal wall and aorta resulting 
in both hernia and abdominal aortic aneurysm in the same patient.6 Tor
tuous carotid arteries are associated with abdominal aortic aneurysms in up 
to 44% of cases, whereas only 10% of patients with routine carotid athero
sclerosis have abdominal aortic aneurysms. Weakness in the arterial wall 
has been suggested as the cause of both the tortuous carotid artery and the 
abdominal aortic aneurysm in the same patient.7 

As opposed to distal occlusive disease, many patients with aneurysms 
have associated generalized arteriomegaly and rarely develop claudication 
or rest pain. Vessels remote from abdominal aortic aneurysms are actually 
40% to 50% larger in diameter compared to patients with aortic occlusive 
disease.8 In one study, three distinct populations of aneurysm patients 
were defined depending on the degree of associated arteriomegaly. In that 
study, 430 aneurysms in 91 patients were classified based on the degree and 
location of the associated arteriomegaly and aneurysms.9 

Genetic Reports 

Several interesting genetic reports strongly suggest that abdominal aortic 
aneurysms are a familial disease. In one study of 14 families with 
aneurysms, there was at least one blood relative with an abdominal aortic 
aneurysm, and in two families, there were two blood relatives with an 
abdominal aortic aneurysm apart from the proband. 10 In a second study of 
250 patients with abdominal aortic aneurysms, 19% of the patients with 
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aneurysms had a first degree relative with a known aneurysm compared to 
2.4% of the control subjects. After adjustment for age and sex, there was 
an estimated 11.6% increase in abdominal aortic aneurysm risk among pa
tients with an affected first degree relative. 11 Tilson reported on the genetic 
mechanisms of inheritance of 50 families having 71 affected individuals 
with abdominal aortic aneurysms. The mechanism of inheritance in this 
study was suggested to be both x-linked and autosomal dominant forms 
with x-linked variance as the most common type. 12 Cole found 34 families 
with abdominal aortic aneurysms in which 17 pro bands had at least one 
affected parent and of the siblings, 20% were affected. This study sug
gested that siblings of patients with abdominal aortic aneurysms have near
ly a one in five chance themselves of having an abdominal aortic aneurysm 
if there is a positive parental history .13 A fifth study reported 86 families 
having 209 first degree relatives with abdominal aortic aneurysms and 
found that the patients with familial aneurysms were more likely to be 
women and more likely to rupture. 14 In one amazing report, three brothers 
(the only siblings) of one family have each 'undergone emergency surgery 
for a ruptured abdominal aortic aneurysm. IS 

Most recently, a genetic variation on chromosome 16, responsible for 
haptoglobin phenotype, is associated with abdominal aortic aneurysms. 
The frequency of the haptoglobin alpha-1 allele was increased in patients 
with abdominal aortic aneurysms compared to controls. In addition, the 
frequency of a rare polymorphism at the cholesterol ester transfer protein 
locus was also increased in abdominal aortic aneurysm patients. Interest
ingly, haptoglobin containing an alpha-1 chain accelerates the degradation 
of elastin by elastase two to four times. IS 

To date, six studies have documented the number of first degree rela
tives with abdominal aortic aneurysms. In combining the results of these 
studies,1O,11,13,14,16,17 16% of patients with abdominal aortic aneurysms will 
have a first degree relative with an abdominal aortic aneurysm (Table 
10.1). The results of these reports indicate that the genetics of abdominal 
aortic aneurysm are very complex and multifactorial, with the involvement 
of several different genes. The phenotypic expression of these genes affect 
lipid metabolism, atherosclerosis and elastin metabolism. Currently, we 
know that specific genes on the long arm of chromosome 16 are associated 
with abdominal aortic aneurysms. IS However, other genes are currently 
under investigation. 

Biochemical Data 

Elastin Metabolism 

The first report suggesting an abnormal increase in proteolytic activity in 
patients with abdominal aortic aneurysms occurred in 1982 when elastase 
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TABLE 10.1. Genetic studies of AAA families. 

Number of First degree relatives 
AAA patients withAAA % 

lohnansen (11) 250 48 19% 
Norrgard (10) 87 16 18% 
Cole (13) 305 34 11% 
Collin (39) 108 13 12% 
Darling (14) 542 82 15% 
Powell (16) 60 20 33% 
Totals 1352 213 16% 
Clifton (15) 3 brothers of same family-all ruptured AAAs 
Tilson (12) 71 relatives with AAAs in 50 families 

was noted to be increased in the aortic wall in patients with abdominal 
aortic aneurysms. 19 In the same year, circulating serum and leukocyte elas
tolytic activity in patients with abdominal aortic aneurysms was noted to be 
significantly increased, whereas serum antiprotease activity was reduced.20 

This was the first report to suggest that an abnormal homeostasis existed 
between proteolytic and antiproteolytic activity in patients with abdominal 
aortic aneurysms. 

Four years later the relationship between elastase, the major proteolytic 
enzyme of elastin, and alpha-I-antitrypsin (a-I-AT) inhibitor, the major 
elastase, was analyzed in the aortic wall in the four groups of patients with 
the major different types of aortic disease. Aortic elastase was significantly 
higher in the AAA, multiple aneurysm, and ruptured AAA groups com
pared to aortic occlusive disease patients, and a-I-AT was significantly 
lower in patients with multiple aneurysms and ruptured aneurysms. The 
relationship between these two enzyme systems responsible for aortic 
elastin breakdown changed in favor of more aortic proteolytic activity as 
the type of infrarenal aortic disease changed from occlusive to aneurysmal 
disease.21 In another study, elastin urine metabolites, specifically the elas
tin breakdown product L-valyl-proline, was increased in patients with 
aneurysmal disease compared to patients with aortic occlusive disease. 22 

The elastin content in the AAA wall is also significantly less than in 
control and aortic occlusive patients, and the increased elastase content of 
the AAA wall is inversely correlated with the decrease in elastin content. 23 

Interestingly, at least two types of elastase have been identified within the 
aortic wall of abdominal aortic aneurysm patients, including both neu
trophil and smooth muscle cell elastase.24 Recent data indicates that neu
trophils are chemotactic to elastin fragments and are very attracted to the 
elastin peptides of aortic aneurysm tissue. This observation provides a 
mechanism whereby neutrophil elastase is delivered to the aorta of 
aneurysm patients.25 Smooth muscle cells proliferate and secrete elastase 
in response to atherosclerosis. The increased proteolysis from increased 
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neutrophil and smooth muscle cell elastase in the aortic wall results in his
tologically disrupted elastic tissue compared to patients with occlusive dis
ease and controls. Histochemical studies of aneurysmal aortas confirm a 
significant deficiency of iron-hematoxylin reactive elastin compared to 
occlusive aortic disease.26 

Alpha-I-antitrypsin is the major serum inhibitor of elastase, and its phe
notype correlates directly with circulating a-I-AT levels. A report of the 
a-I-AT phenotype in relation to proteolytic activity in AAA patients indi
cates that the MZ phenotype, which is associated with 35% of the normal 
inhibitory capacity of a-I-AT, occurs significantly more often in patients 
with AAAs (11 %) than would be expected. The decrease in a-I-AT (elas
tase inhibitor) that occurs with the MZ phenotype results in increased 
serum elastase activity and would explain the increased proteolytic activity 
in some AAA patients, however, it could not be implicated as the cause of 
protease imbalance in the majority of patients.27 Cigarette smoke, as an 
environmental influence, has a major effect on proteolytic activity by in
hibiting a-I-AT, thereby increasing serum elastase activity. In a study of 
the effect of cigarette smoke on rabbit aortic elastase activity, rabbit aortic 
elastase was significantly higher in cigarette exposed animals compared to 
controls.28 In contrast to a-I-AT, haptoglobin with an alpha-I allele po
tentiates the effect of elastase on elastin breakdown. Elastase in the pres
ence· of haptoglobin with an alpha-I chain accelerates the breakdown of 
elastin two-to fourfold. IS 

Collagen Metabolism 

Abnormal collagen metabolism has been implicated as a possible cause of 
AAA development by several authors. In one report an increase in col
lagen in aneurysmal aorta from 62% to 84% occurred as a result of elastin 
degradation, and no increase in collagenase activity was noted. Lower 
amounts of type III collagen were found in patients with familial AAAs, 
and abnormalities in type III collagen was suggested as a genetic factor 
contributing to familial clustering of AAAs.29 Tilson further reported on 
abnormalities of aortic collagenous peptides based on cleavage with 
cyanogen bromide in patients with AAAs.30 In an animal model of post 
stenotic dilatation, a twofold increase in collagenase activity occurred in 
the area of dilatation compared to controls with no change in elastase activ
ity. This study suggested that collagenolysis may be induced by local flow 
and pressure changes and that increased collagenase activity associated 
with AAAs may be a response to altered hemodynamics and not an intrin
sic defect.31 Deak32 examined the biosynthesis of type III collagen in AAA 
patients from cultured skin fibroblasts and reported that several patients 
with familial AAAs had one normal allele and one allele that coded for a 
structural mutation in type III collagen which formed an imperfect triple 
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helical collagen molecule. They suggested that mutations of the type III 
collagen gene may playa role in AAA development. However, in a more 
recent study of collagen types in AAA patients and familial AAAs, no 
collagen type III deficiency was noted in either group. This study suggested 
that AAAs result from elastin degradation and not a deficiency of type III 
collagen.33 

In an animal model, the mechanical properties of dog arteries have been 
studied before and after exposure to elastase and collagenase. Interesting
ly, all arteries exposed to elastase and mechanical forces developed 
aneurysms.34 In another study, the longitudinal force was measured in dog 
arteries after treatment with elastase and collagenase. Results showed that 
elastin provided all of the longitudinal retractive force. 35 The data from 
these studies indicate that failure of elastin causes blood vessels to elongate 
and become tortuous, and that elastin breakdown, not collagen, plays the 
major role in the arteriomegaly and aneurysms seen with age and hyper
tension in humans. 

Ruptured AAAs 
AAA rupture may also be related to increased proteolysis and elastin 
breakdown. One report cited 10 patients who ruptured their AAAs within 
36 days after laparotomy and suggested that laparotomy may be a precipi
tating factor in the rupture of AAAs. This study suggested that laparotomy 
upsets the dynamic equilibrium between synthesis and lysis of systemic 
connective tissue.36 In an animal model operative trauma, such as lapa
rotomy, bowel resection, and mobilization of the aorta without direct aortic 
injury, resulted in significant increases in rabbit aortic elastase.37 Fur
thermore, in human aortic tissue of patients with ruptured AAAs, the 
balance between elastase and antiprotease is significantly altered in favor 
of more proteolytic activity in patients with ruptured AAAs.38 

In a regression analysis of aortic aneurysm rupture, three significant vari
ables were associated with small aneurysm rupture: diastolic blood pres
sure, initial aneurysm size, and degree of obstructive pulmonary disease. 
Since the mechanism for severe emphysema in COPD is probably an imbal
ance between elastase and a-I-AT, it is interesting to speculate on whether 
the association between COPD and AAA rupture in these patients occurs 
via the same mechanism of increased systemic proteolysis.39 

As mentioned above, a positive female marker, that is, identification of 
a family with AAAs and a female member with an AAA, is strongly corre
lated with rupture. The term "black widow syndrome" has been suggested 
to describe this potentially fatal trait of female members of this familial 
group of patients with AAAs.14 

The above studies provide enough information to develop a comprehen
sive unified hypothesis for the pathogenesis of AAA formation (Fig. 10.1). 
I propose that aneurysms are not merely random variants of atheroscle-
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FIGURE 10.1 Unified hypothesis for abdominal aortic aneurysm development based 
upon current genetic studies, biochemical data, and clinical observations (see text). 
A-1-AT-Alpha-1-Antitrypsin; NE-Neutrophil Elastase; SMC-Smooth Muscle Cell; 
AAA-Abdorninal Aortic Aneurysm; AOD-Aortic Occlusive Disease; LDL-Low 
Density Lipoprotein. 

rosis, but rather that they develop in a logical stepwise progression in the 
following manner: (1) aneurysm patients have a genetically determined 
increase in cellular elastase, specifically an increase in neutrophil and 
smooth muscle cell elastase; (2) serum proteolytic activity as determined 
by the genes for elastase production is modified by other genetic factors 
such as the a-I-AT phenotype, the haptoglobin phenotype, and environ
mental factors such as cigarette smoke; (3) in the usual course of aortic 
atherosclerosis, elastin fragments and elastin peptides are exposed to the 
circulation. During the reparative process, neutrophils are chemotactic to 
these aortic elastin fragments and the atherosclerotic fragments also act as 
stimulators of local smooth muscle cell proteolytic production; (4) in 
aneurysm patients, an increased amount of proteolytic enzymes are deliv
ered to the aortic wall by elastase-laden neutrophils, local smooth muscle 
cells and increased serum proteolytic activity; (5) during the atherosclero
tic process of arterial wall breakdown and repair, the increased delivery of 
proteolytic enzymes in aneurysm patients results in a chronic increase in 
aortic elastin breakdown, weakening of the wall, and aneurysm dilatation; 
(6) the large number of possible combinations of genetic and environmen
tal factors that could occur from patient to patient would then be responsi-
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ble for the large diversity of different phenotypes seen clinically, i.e., pa
tients with isolated AAAs, multiple aneurysms or massive arteriomegaly 
and aneurysms. 

This hypothesis suggests that AAAs are indeed a variant of atheroscle
rosis that could occur only if atherosclerosis is present and would account 
for the fact that AAAs always coexist with aortic atherosclerosis. 

References 
1. Melto U, III, Bickerstaff LK, Hollier LH, and O'Fallon WM, Changing Inci

dence of Abdominal Aortic Aneurysms: A Population-Based Study. Am J 
Epidemiol. 120:379-386; 1984. 

2. National Center for Health Statistics. Detailed Diagnoses and Surgical Proce
dures for Patients Discharged from Short-Stay Hospitals. United States, 1986, 
Washington, DC: DHHS Publication no. (PHS) 88-1756. 

3. Munoz E, Kassan MA, and Chang J. Surgonomics: The Costs of Ruptured 
Abdominal Aortic Aneurysm. Angiology. 39(9):830-837; 1988. 

4. Dent TL, Lindenauer SM, Ernst CB, and Fry WJ. Multiple Arteriosclerotic 
Arterial Aneurysms. Arch Surg. 105:338-344; 1972. 

5. Graham LM, Zelenock GB, Whitehouse WM, et al. Clinical Significance of 
Atherosclerotic Femoral Artery Aneurysms. Arch Surg. 115:502-507; 1980. 

6. Cannon DJ, Casteel L, and Read RC. Abdominal Aortic Aneurysm, Leriche's 
Syndrome, Inguinal Herniation and Smoking. Arch Surg. 119:387-390; 1984. 

7. Mukherjee D, Mayberry JC, Inahara T, and Greig JD. The Relationship of the 
Abdominal Aortic Aneurysm to the Tortuous Internal Carotid Artery. Arch 
Surg. 124:955-956; 1989. 

8. Tilson MD and Dang C. Generalized Arteriomegaly. Arch Surg. 116:1030-
1032; 1981. 

9. Hollier LH, Stanson A W, Gloviczki P, et al. Arteriomegaly: Classification and 
Morbid Implications of Diffuse Aneurysmal Disease. Surg. 93:700-708; 1983. 

10. Norrgard 0, Rais 0, and Angquist KA. Familial Occurrence of Abdominal 
Aortic Aneurysms. Surg. 95:650-656; 1984. 

11. Johansen K and Koepsell T. Familial Tendency for Abdominal Aortic 
Aneurysms. JAMA. 256:1934-1936. 

12. Tilson MD and Seashore MR. Fifty Families with Abdominal Aortic 
Aneurysms in Two or More First-Order Relatives. Am J Surg. 147:551-553; 
1984. 

13. Cole CW, Barber GG, Bouchard A, et al. Abdominal Aortic Aneurysms. 
Consequences of a Positive Family History. The Can J Surg. 31:286-289; 1988. 

14. Darling RC III, Brewster DC, Darling RC, et al. Are Familial Abdominal 
Aortic Aneurysms Different? J Vasc Surg 10:39-43; 1989. 

15. Clifton MA. Familial Abdominal Aortic Aneurysms. Br J Surg. 64:765-766; 
1977. 

16. Powell JT and Greenhalgh RM Multifactorial Inheritance of Abdominal Aor
tic Aneurysm. Eur J Vasc Surg. 1:29-31; 1987. 

17. Collin J and Walton J. Is Abdominal Aortic Aneurysm Familial? Br Med J. 
299:493; 1989. 



124 Jon R. Cohen 

18. Powell IT, Bashir A, Dawson S, et al. Genetic Variation on Chromosome 16 
Is Associated with Abdominal Aortic Aneurysm. Clin Sci. 78:13-16; 1990. 

19. Busutill RW, Rinderbreicht H, Flesher A, and Carmack C. Elastase Activity: 
The Role of Elastase in Aortic Aneurysm Formation. Research. 32:214-217; 
1982. 

20. Cannon DJ and Read RC. Blood Elastolytic Activity in Patients with Aortic 
Aneurysm. Ann Thor Surg. 34:10-15; 1982. 

21. Cohen JR, Mandell C, Chang J, and Wise L. Elastin Metabolism of the In
frarenal Aorta. J Vasc Surg. 7:210-214; 1988. 

22. Cohen JR, Dietzek A, Stein T, and Wise L. Urinary L-Valyl-Proline in Pa
tients with Aortic Aneurysms. Surg Gyn Obs. (in press) 

23. Campa JS, Greenhalgh RM, and Powell JT. Elastin Degradation in Abdo
minal Aortic Aneurysms. Atheros. 65:13-21; 1987. 

24. Cohen JR, Mandell C, and Wise L. Characterization of Human Aortic Elas
tase Found in Patients with Abdominal Aortic Aneurysms. Surg Gyn Obst. 
165:301-304, 1987. 

25. CohenJR, Keegan L, Sarfati I, Dana D, Ilardi C, and Wise L. The Chemotaxis 
Distribution and Localization of Neutrophils and Neutrophil Elastase in the 
Aortic Wall of Patients with Abdominal Aortic Aneurysms. J Vasc Surg. (in 
review) 

26. Tilson MD. Histochemistry of Aortic Elastin in Patients with Nonspecific 
Abdominal Aortic Aneurysmal Disease. Arch Surg. 123:503-505; 1988. 

27. Cohen JR, Sarfati I, Ratner L, and Tilson D. Alpha-I-Antitrypsin Phenotypes 
in Patients with Abdominal Aortic Aneurysms. Accepted, J Surg Research. 12, 
1989. 

28. Cohen JR, Sarfati I, and Wise L. The Effect of Cigarette Smoking on Rabbit 
Aortic Elastase Activity. J Vasc Surg. 9:580-582; 1989. 

29. Powell J and Greenhalgh RM. Cellular, Enzymatic, and Genetic Factors in the 
Pathogenesis of Abdominal Aortic Aneurysms. J Vasc Surg. 9:297-304; 1989. 

30. Tilson MD and Roberts MP. Molecular Diversity in the Abdominal Aortic 
Aneurysm Phenotype. Arch Surg. 123:1203-1206; 1988. 

31. Zarins CK, Runyon-Hass A, Zatina MA, Lu CT, and Glagov S. Increased 
Collagenase Activity in Early Aneurysmal Dilatation. J Vasc Surg. 3:328-348; 
1986. 

32. Deak SB, Ricotta JJ, Deak ST, Zatina MA, and Boyd CD. Abnormal Type III 
Collagen Synthesis in Patients with Abdominal Aortic Aneurysms. Clinical Re
search. 37:33; 1989. 

33. Rizzo RJ, McCarthy WJ, Dixit SN, et al. Collagen Types and Matrix Protein 
Content in Human Abdominal Aortic Aneurysms. J Vasc Surg. 10(4):365-373; 
1989. 

34. Dobrin PB, Schwartz TH, Baker WH. Mechanisms of Arterial and Aneurys
mal Tortuosity. Surg. 104:569-571; 1988. 

35. Dobrin PB, Schwartz TH, and Mrkvicka RB. Longitudinal Retractive Force in 
Pressurized Dog and Human Arteries. J of Surg Research. 48:116-120; 1990. 

36. Swanson RJ, Littooy FN, Hunt KT, Stoney RJ. Laparotomy as a Precipitating 
Factor in the Rupture of Intra-Abdominal Aneurysms. Arch Surg. 115:299-
303; 1980. 

37. Cohen JR, Schroder W, Mandell C, Wise L. Activation of Rabbit Elastase by 
Non-Aortic Intra-Abdominal Surgery. Ann Vasc Surg. 2:133-137; 1988. 



10. The Pathogenesis of Abdominal Aortic Aneurysms 125 

38. Cohen JR, Mandell C, Margolis I, Chang Jc. Altered Aortic Protease and 
Antiprotease Activity in Patients with Ruptured Abdominal Aortic 
Aneurysms. Surg Gyn Obst. 164:355-358; 1987. 

39. Cronenwett JL, Murphy TF, Zelenock GB, et al. Actuarial Analysis of Vari
ables Associated with Ruptures of Small Abdominal Aortic Aneurysms. Surg. 
98:472-482; 1985. 



11 
Retroperitoneal Aortic 
Reconstruction: Indications and 
Pitfalls 

DAVID F.J. TOLLEFSON and CALVIN B. ERNST 

The first reported use of the retroperitoneal approach for abdominal vessel 
reconstruction was ligation of an external iliac artery aneurysm by Sir 
Astley Cooper in 1808.1 The first successful repair of an abdominal aortic 
aneurysm was performed via the retroperitoneal approach and was re
ported by Dubost in 1951.2 Since then, numerous authors have reported on 
the advantages of the retroperitoneal approach.3,4,5 However, retroperi
toneal aortic reconstruction still remains a novel and little used approach 
by most surgeons. 

Even though the first aortic reconstructions were through the 
retroperitoneum,6 the transperitoneal approach has been the preferred 
route for aortic reconstruction. This is probably due to the familiarity most 
surgeons have for the transabdominal route and the presumed concern that 
the retroperitoneal approach limits operative options. 

Rob, in 1962, reporting on 500 aortic reconstructions performed through 
the retroperitoneal approach, listed the benefits to be less ileus, atelectasis 
and pain, reduced incidence of wound dehiscence, easier anesthesia, a 
shorter stay in bed and in the hospital, and faster return to work.7 Other 
authors have suggested that the retroperitoneal approach is helpful for 
large aneurysms, those with suprarenal extension, and those with asso
ciated visceral-vessel disease requiring correction. Furthermore, third-space 
fluid losses appear less, and the operation is safer for patients with limited 
cardiac or pulmonary reserve. 4,5,8,9 Retrospective studies comparing the 
transperitoneal and retroperitoneal approaches have confirmed these 
advantages of retroperitoneal aortic reconstruction in that individuals 
undergoing the retroperitoneal approach appear to have a smaller intra
operative blood loss, less crystalloid requirements, shorter postoperative 
ileus, and a shorter hospital stay than those undergoing transperitoneal 
aortic reconstruction. lO,ll However, in a randomized prospective study of 
113 patients, some of the above impressions were not substantiated.12 No 
statistical differences were found between the retroperitoneal and trans
abdominal approaches regarding operative and aortic cross-clamp times, 
perioperative crystalloid and transfusion requirements, and degree of 
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hypothermia on arrival at the intensive care unit. Likewise, there were no 
statistically significant differences in respiratory morbidity, recovery of gas
trointestinal function, requirements for narcotics, metabolic parameters of 
operative stress, incidence of major and minor complications, or length of 
hospital stay. Despite lack of statistically significant differences, there were 
some trends that suggested significant differences might exist had more 
patients been studied. For example, postoperative mechanical ventilation 
requirements were 39% in the transperitoneal group versus 22% in the 
retroperitoneal group. Likewise, over twice as many in the transperitoneal 
group required nasogastric suction compared to the retroperitoneal group. 

Recently, we reported our experience with 85 technically challenging 
aortic reconstructions.9 These were performed for both complicated aortic 
problems and complicated patient problems. Aortic pathology included 
juxta-suprarenal extension of the aneurysm or occlusive plaque, reopera
tive aortic reconstruction, large inflammatory aneurysms, and associated 
visceral arterial lesions requiring repair. Patient problems included morbid 
obesity, the hostile abdomen from previous abdominal operations, abdo
minal wall stomas, and horseshoe kidneys. One-half of the patients re
quired supraceliac cross-clamping of the aorta. The elective 30-day post
operative mortality was 1.2%. This compared favorably to mortality rates 
for elective transperitoneal infrarenal aortic aneurysm repair and aorto
femoral bypass grafting of 2.6% and 2.9%, respectively, during the same 
5 years when the 85 technically challenging operative procedures were 
performed. 

Operative Technique 

Proper positioning of the patient is important. The left thorax is elevated 
45 to 60 degrees, while the hips should lie as flat as possible to allow access 
to the right groin should that become necessary. The patient's position is 
secured by placement on a vacuum styrofoam beanbag. The midpoint be
tween the patient's left costal margin and iliac crest is centered over the 
table flexion point, and flexing the operating table causes the incision to 
spiral open. Wound closure is facilitated by flattening the operating table. 

The surgeon stands to the left of the patient. Rotation of the table away 
from the surgeon facilitates retroperitoneal dissection while rotation to
ward the surgeon facilitates groin dissection. 

An oblique left flank incision is used starting midway between the umbi
licus and symphysis pubis and extending from the lateral margin of the left 
rectus sheath into the 11th intercostal space for 8 to 10 cm. The abdominal 
wall and intercostal muscles are divided in the line of the incision, taking 
care not to injure the 11th and 12th dorsal neurovascular bundles. Damage 
to these nerves denervates the abdominal wall, leading to muscle weak
ness, manifest as an asymmetric abdominal contour with unsightly bulging. 
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The retroperitoneal space is entered at the tip of the 12th rib, and with 
blunt dissection the anterior peritoneum is dissected away from the trans
versalis fascia as far as the rectus sheath. Dissection medial to the rectus is 
not necessary for exposure and also prevents tearing the peritoneum where 
it is firmly attached at the lateral border of the rectus. 

Posterolaterally, the plane of the flank musculature, psoas, and dia
phragm are followed as the peritoneal sac and its contents are dissected 
and retracted anteriomedially. This plane is developed along the lumbo
dorsal fascia behind the left kidney, mobilizing the kidney and ureter 
anteriorly. Alternatively, dissection can be performed anterior to the left 
kidney and ureter, but an advantage of the retroperitoneal approach is lost 
since the left renal vein obscures the juxtarenal aorta. However, dissection 
anterior to the kidney is useful when exposure of the superior mesenteric 
artery (SMA) beyond its origin is required for endarterectomy or when 
endarterectomy of the pararenal aorta is anticipated. 

The aorta is easily exposed from above the left renal artery to the aortic 
bifurcation. To prevent injury to the left renal artery, its identification is 
important. The artery can usually be identified behind the lumbar branch 
of the left renal vein, which is a fairly constant structure. Ligation of this 
lumbar branch, which crosses over the aorta, provides good exposure of 
the aorta and origin of the left renal artery. 

Lymphatics and fat overlying the aorta are ligated to minimize lymphor
rhea. Blunt dissection of the aorta anteriorly and posteriorly, either above 
or below the renal arteries, is performed to allow placement of the proxim
al clamp. Circumferential aortic dissection is not required as long as the tip 
of the clamp can reach beyond the aortic wall. Inferior vena cava injury is 
not of concern, as it is not immediately adjacent to the aorta at this level. 

If suprarenal aortic control is required, dissection is carried cephalad, 
with longitudinal division of the diaphragmatic crus. Suture ligation of the 
areolar tissue surrounding the origin of the SMA minimizes potentiallym
phatic leaks. With the need for supraceliac exposure, dissection proceeds 
further cephalad. Investing fascia around the aorta is incised and blunt 
dissection anteriorly and posteriorly creates tunnels to accommodate the 
jaws of an aortic clamp. Supraceliac control is often easier to obtain than 
juxtarenal control because of the relative paucity of lymphatics and fat at 
the paraceliac level. If juxtarenal or supraceliac aortic clamping is antici
pated preoperatively, a 9th or 10th intercostal space incision is recom
mended. 

Distal exposure of the iliac arteries is performed by blunt dissection of 
the peritoneal sac out of the left iliac fossa. The left iliac artery can be 
easily exposed over its entire length. Exposure of the right iliac artery is 
more challenging. Minimal dissection of the distal aorta is required when 
managing occlusive disease and the inferior mesenteric artery (IMA) is 
preserved. With aneurysmal disease, however, IMA ligation is often re
quired to facilitate access to the right common iliac vessels. However, even 
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with division of the IMA, right iliac access can be difficult. To avoid the 
hazards of ileocaval injury resulting from dissection of the proximal right 
commOn iliac artery for clamp application, distal control can be obtained 
using intraluminal balloon catheter occlusion by threading the catheter into 
the right iliac arterial ostium through the opened aneurysm. 

Anastomoses to the right distal commOn or external iliac arteries are 
difficult through the left retroperitoneal approach. Some authors have 
advocated extending the abdominal incision across the midline into the 
right lower quadrant to facilitate right iliac arterial exposure.7 ,lO We have 
found that a right lower quadrant counter incision a few centimeters above 
the inguinal ligament with extraperitoneal dissection of the iliac vessels 
provides excellent exposure for right external iliac artery anastomoses. 
This avoids groin dissections with the small but real risk of infection. 
However, if needed, we do not hesitate to make groin incisions. 

Pitfalls of Retroperitoneal Aortic Exposure 

Certain pitfalls of retroperitoneal aortic reconstruction deserve comment. 
These include injury to the vena cava, which is very difficult to manage 
through the retroperitoneal approach. Vigorous retraction in the upper 
aspects of the operative field may lead to unrecognized splenic trauma. 
This should be minimized by using self-retaining retractors. The lumbar 
branch of the left renal vein must be identified because it serves not only as 
a marker to the left renal artery but to avoid injuring it as well. Similarly, 
although rare, a retroaortic left renal vein or circumaortic left renal vein 
may cause problems if not recognized. During mobilization of the retro
peritoneum it is important to identify the left gonadal vein so that, during 
the course of sweeping the retroperitoneum anteriorally, the gonadal vein 
is not avulsed from the left renal vein. A left pneumothorax may occur and 
be unrecognized, particularly if the left 11th intercostal space incision is 
not made carefully. 

Both the IMA and the left renal artery are swept anteriorally when re
trorenal dissection is performed and must be identified to prevent injury. 
In order to preserve continuity of the IMA, it is important to incise the 
aneurysm posterior to its origin. The left ureter must be identified and 
swept anteriorally with the kidney and retroperitoneal structures to avoid 
injury. One should be aware that the left ureter is particularly vulnerable 
to traction injury during secondary aortic procedures when it may be 
tethered in the pelvis and not as mobile as it is in a virgin retroperitoneum. 

Postoperative problems following retroperitoneal aortic reconstruction 
include the potential for development of an aortoenteric fistula if the 
aneurysm sac is not imbricated over the prostheses or if the duodenum lies 
On the graft following aortic reconstruction for occlusive disease. 

Excessive blunt retroperitoneal dissection may cause tearing of small 
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veins and subsequent oozing with postoperative retroperitoneal hematoma 
formation. Precise dissection and careful hemostasis prevent this. Some 
have suggested closed suction drainage for 24 hours to minimize retroperi
toneal hematoma formation. However, placing drains near a fresh aortic 
graft is not recommended. A left flank hernia may develop if precise multi
ple layer closure of the wound is not performed. Denervation of the abdo
minal musculature, manifest by asymmetric abdominal wall bulging, is pre
vented by carefully preserving the intercostal neurovascular bundles. 

Summary 

Retroperitoneal exposure of the abdominal aorta and its branches has be
come a well established surgical procedure. Some of the advantages that 
were originally anticipated have not been realized, however. Nonetheless, 
there are occasions when retroperitoneal exposure can facilitate difficult 
aortic reconstructions. Indications for its use include small infrarenal 
aneurysms localized to the aorta; large complex suprarenal or juxtarenal 
aneurysms; aortic reconstruction requiring left renal arterial and/or mesen
teric revascularization; and for patients with horseshoe kidneys; patients 
with right-sided ostomies; and some morbidly obese individuals. It is also 
indicated for patients who have a hostile abdomen resulting from extensive 
intraabdominal adhesions, radiation therapy, or inflammatory processes, 
and those undergoing secondary aortic reconstruction. 

Contraindications to use of the retroperitoneal approach include need 
for right renal arterial reconstruction, need to assess intraabdominal 
organs, and extensive aneurysmal involvement of the right iliac system. 
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Difficult Aortic Aneurysms: 
Pararenal and Suprarenal 
Aneurysms, Inflammatory 
Aneurysms, and Concomitant Renal 
or Visceral Revascularization 

JOSE MENA and LARRY H. HOLLIER 

General Considerations 

An aneurysm of the abdominal aorta is defined as any dilatation greater 
than 1-1/2 times the normal diameter of the native vessel, l while dilatations 
of lesser dimensions are termed ectasia.1,2 They usually represent the 
degenerative result of aging of the aorta. Abdominal aortic aneurysms 
(AAA) occur in about 5% of the population over the age of 60 years in the 
United States. 

There exists an apparent increase in the incidence of aortic aneurysms, 
which has been attributed to the increasing age of the population and the 
widespread use of improved diagnostic techniques such as ultrasound, 
computed tomography, magnetic resonance imaging, and angiography.3 

Preoperative Evaluation 

Preoperative assessment of a patient with an aortic aneurysm begins with 
the history and physical examination. The majority of patients do not ex
perience symptoms unless there is rapid expansion or rupture. Approx
imately 75% of abdominal aortic aneurysms are incidentally found on 
physical examination, on roentgenographic examination being performed 
for other reasons, during celiotomy, or on autopsy studies. Upon palpation 
of the abdomen, the examiner can feel a pulsatile mass. Since the aortic 
bifurcation is at the level of the umbilicus, the aneurysmal mass is located 
above this point in the epigastrium. In infrarenal aneurysms, the lateral 
borders can be felt below the costal margins. If the cephalad border of the 
aneurysm appears to extend above the costal margin, one must suspect a 
pararenal or suprarenal aneurysm. 

Ultrasound examination of the abdomen will reveal the size of infrarenal 
abdominal aortic aneurysms but has severe shortcomings when evaluating 
aneurysms that extend up to or above the level ofthe renal arteries.4 Com-

132 
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puted tomography (CT) with intravenous contrast provides excellent 
visualization of the aneurysm, accurately defines the extent of involve
ment, and will identify complicating factors such as venous anomalies of 
the inferior vena cava and renal veins, horseshoe or ectopic kidneys, or the 
presence of an inflammatory abdominal aortic aneurysm. 

Aortograms do not constitute part of our routine preoperative assess
ment of abdominal aortic aneurysms. Since the clot that lines the lumen of 
the aneurysm may give the false impression that there is no dilatation, 
especially if only the anteroposterior projection is used, angiography may 
be misleading. However, aortograms (Fig. 12.1) may be obtained in the 
face of: 

1. renovascular hypertension; 
2. impairment of renal function; 
3. suspected pararenal or suprarenal extension; 
4. intestinal angina; 
5. suspicion of horseshoe kidney; 
6. suspected femoral, popliteal or other aneurysm; 
7. abdominal or flank bruit; 
8. peripheral arterial occlusive disease. 

All patients undergoing repair of AAA usually have a complete blood 
count, serum electrolytes, blood urea nitrogen and creatinine, liver func
tion tests, coagulation studies, electrocardiogram, chest X-ray, and uri
nalysis. Based upon findings from the patient's history and physical ex
amination, one may proceed with other tests such as pUlmonary function 
tests, carotid duplex scanning, complete coagulation evaluation, or cardiac 
evaluation. Since 50% of patients with AAA have coronary artery occlu
sive disease,2,3,5 cardiac evaluation by noninvasive means may be helpful in 
assessing operative risk. 

The dipyridamole-thallium scintigraphy of the heart or exercise stress 
electrocardiography will identify those patients with significant coronary 
artery disease. Because suprarenal and juxtarenal extension of the 
aneurysm, as well as other conditions, may require clamping above the 
visceral arteries, which places additional strain upon the heart and in
creases the risk of myocardial dysfunction and infarction, noninvasive eval
uation may assume vital importance. If these studies suggest significant 
coronary artery disease, coronary angiography should be carried out, with 
subsequent myocardial revascularization if critical stenoses are found. 4 

Aneurysmorrhaphy should then follow in approximately 6 weeks. 
Abdominal aortic aneurysm (AAA) repair is one of the more frequently 

performed operations in vascular surgery. Even though the majority Of 
those are repaired by straightforward techniques familiar to most surgeons, 
certain conditions may exist that will require a change in strategy. The rest 
of this chapter will deal with some of those conditions, and our method of 
management. 
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FIGURE 12.1. Aortogram of a patient with an infrarenal abdominal aortic 
aneurysm, right common iliac aneurysm, occluded visceral arteries, and stenotic 
renal arteries. This patient was treated by transaortic endarterectomy of the vis
ceral and renal vessels, replacement of the infrarenal aorta and iliac arteries with 
an aorta-bi-iliac Dacron graft, and reimplantation of the IMA. 

Intraoperative Monitoring 

Strict monitoring of cardiovascular, pulmonary and renal function is bene
ficial for assuring a successful outcome. There must be close cooperation 
between the surgical and anesthetic teams. 
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We routinely employ the use of a radial artery line for continuous moni
toring of arterial blood pressure and for drawing of blood for hematocrit 
and electrolyte determinations. In high-risk patients, an oximetric Swan
Ganz catheter is used for serial monitoring of cardiac indices and cardiac 
filling pressures, and continuous display of mixed venous oxygen satura
tion. When supraceliac cross-clamping is anticipated or there is preexisting 
cardiac dysfunction, real-time B-mode transesophageal echocardiography 
is often employed, as this is the quickest mode of detecting cardiac dys
function, allowing either fluid or pharmacologic intervention. Because of 
the concern about the transmission of bloodborne disease, we routinely 
employ the autotransfusion device to minimize the need for banked blood. 
Additionally, we ask that the patient donate two units of autologous blood 
prior to surgery. An indwelling urinary bladder catheter is placed to con
tinuously monitor urine output. We begin antibiotics in the preoperative 
period and continue this for 48 to 72 hours after surgery or until all central 
lines have been removed. 

Pararenal (Juxtarenal) and Suprarenal Abdominal 
Aortic Aneurysms 

Although the vast majority of AAAs occur in the infrarenal location, 
approximately 2% extend proximally to involve the renal and/or visceral 
arteries.2 Juxtarenal aneurysms are those in which there is no normal seg
ment of aorta below the renal arteries, while suprarenal aneurysms involve 
the orifice of at least one renal artery and may extend cephalad to involve 
the visceral vessels. 

The operative approach to suprarenal and pararenal aneurysms depends 
on the proximal and distal extent of the disease and associated risk factors, 
especially chronic obstructive pulmonary disease. For juxtarenal aneu
rysms in good risk patients, especially if the aneurysmal disease involves 
the iliac arteries, a midline transperitoneal approach is employed. An 
extraperitoneal flank approach is used if the aneurysm extends supra
renally or if significant chronic obstructive pulmonary disease is present. 

To gain access to the suprarenal aorta via the transperitoneal route, a 
xiphoid-to-pubis incision is made. The small bowel is mobilized to the 
right, wrapped with sterile towels, and gently retracted. Division of the 
ligament of Treitz is carried out for further mobilization of the duodenum. 
The inferior mesenteric vein, where it crosses the base of the mesentery, is 
doubly ligated and divided. The left renal vein is identified and mobilized 
after the left adrenal vein is doubly ligated and divided. If one anticipates 
significant traction on the renal vein, one may elect to identify, doubly 
ligate and divide the posterior tributary of the renal vein that goes to the 
lumbar venous plexus, as this can be a site of troublesome bleeding if 
avulsed. Although some authors advocate division of the left renal vein, we 
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A 

FIGURE 12.2A. Technique for replacement of the aorta in a patient with juxtarenal 
abdominal aortic aneurysms. The proximal anastomosis is placed along the inferior 
margin of the renal artery orifices. (From Hollier LH, and Moore WM: Surgical 
Management of juxtarenal and suprarenal aortic aneurysms. Reprinted with per
mission from Acta Chir Scand SuppI555:1l7-122, 1990.) 

do not generally find this necessary. If transection of the left renal vein is 
necessary, the left adrenal vein and the posterior tributary to the left renal 
vein must be left intact, as these provide alternate routes for venous drain
age from the left kidney. 

Application of gentle downward traction on the left renal vein and divi
sion of the preaortic fatty tissue will provide exposure of the suprarenal 
aorta. The crus of the diaphragm, which can be felt as a tight fibromuscular 
band to the left of the aorta, is divided. The left adrenal artery, found 2 to 3 
cm caudad to the crus, is doubly clipped and divided. Digital blunt dissec
tion cephalad to this point will develop a plane posterior to the pancreas. 
Dissection anterior and posterior to the aorta will allow placement of 
clamp above the superior mesenteric artery, or celiac artery if needed. This 
approach is usually restricted to pararenal aneurysms (Fig. 12.2A) or in
volvement of the aorta no higher than the superior mesenteric artery. 6 

An aortic occlusive clamp is placed above the superior mesenteric artery 
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8 

FIGURE 12.2B. Technique for reimplantation of visceral and renal arteries in a pa
tient with suprarenal abdominal aortic aneurysms. The celiac superior mesenteric 
and right renal arteries are implanted as a single anterior tongue. The left renal 
artery is reimplanted separately with a Carrel patch technique. (From Hollier LH, 
and Moore WM: Surgical management of juxtarenal and suprarenal aortic 
aneurysms. Reprinted with permission from Acta Chir Scand Suppl 555:117-122, 
1990.) 

and a second clamp is applied above the inferior mesenteric artery. The 
infrarenal aorta is transected, and after the left renal vein is gently re
tracted downwards, a vertical opening is made on the anterior surface of 
the aorta with the cephalad extent of the aortotomy placed between the left 
renal artery and the left side of the superior mesenteric artery . A graft is 
then placed with reimplantation of the superior mesenteric artery and both 
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renal arteries as a single anterior tongue in the proximal anastomotic su
ture line. Once the proximal anastomosis is done, the proximal clamp is 
replaced on the graft below the renal arteries. This restores flow to the 
kidneys and the superior mesenteric artery within a short period of time, 
usually less than 15 minutes occlusion time. The distal anastomosis is then 
carried out in the usual fashion. 

Aneurysms that extend proximal to the superior mesenteric artery, 
especially in a patient with compromised respiratory status, are best 
approached via a left flank incision, with the dissection carried out ex
traperitoneally. The patient is placed supine on the operating room table 
and then the chest is rotated approximately 45 degrees toward the patient's 
right. The incision is started at approximately the left 11th intercostal space 
and carried down obliquely across to the right paramedian area of the 
abdomen. 

The fascia and muscles are divided in the direction of the skin incision, 
but the peritoneum is not entered. Mobilization is begun at the level of the 
left iliac crest and continued superiorly, with the plane of dissection being 
maintained anterior to the left kidney and renal vessels. In the superior 
portion of the wound, the peritoneum is gently dissected from the under
surface of the diaphragm; mobilization of the abdominal viscera is com
pleted by sweeping them anteriorly and medially. This exposes the crus of 
the diaphragm, which may be sharply incised if necessary. Ligation and 
division of the left adrenal vein and mobilization of the left renal vein facili
tates visualization of the left renal artery. The distal aorta is then exposed. 
If adequate collateral circulation through the superior mesenteric artery 
and the hypogastric arteries is evident, further exposure is made possible 
by doubly ligating and dividing the inferior mesenteric artery. The iliac 
arteries can be exposed fairly easily with a little extra distal dissection. A 
clamp is then placed at the level of the supraceliac aorta, and a vertical 
aortotomy is made anterior to the left renal artery and lateral to the supe
rior mesenteric and celiac arteries. A single anterior tongue can be used to 
reimplant the celiac, superior mesenteric and right renal arteries as part of 
the proximal anastomosis. The left renal artery is reimplanted separately as 
a Carrel patch (Fig. 12.2B). The distal anastomosis is then carried out in 
standard fashion after flow to the visceral and renal vessels has been re
established by replacing the aortic clamp below the renal arteries. 

Potential Problems 

Potential problems that may ensue include hemorrhage, thrombosis, distal 
arterial occlusion, pseudoaneurysm formation, infection, aorta-enteric 
fistula, pulmonary or cardiac failure, and erectile dysfunction in males. 
Renal failure and paraplegia may result from repair of complicated 
aneurysm, and steps to prevent them should be implemented. 
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Adequate hydration preoperatively and judicious administration of 
fluids during surgery are vital. We employ the use of 25 grams of mannitol 
and 20 mg of furosemide approximately 20 to 30 minutes prior to interrupt
ing renal perfusion. Perfusion of the kidneys with iced heparinized electro
lyte solution is used occasionally, but since renal ischemia time is usually 
brief, we generally do not utilize this method of renal protection. Stenoses 
of the renal arteries are treated either by transaortic endarterectomy or 
bypass grafting. Postoperatively, the urine output is maintained at approx
imately 50 mVhr or greater. Many patients will develop a high output state, 
and replacement of urinary output on a deciliter per deciliter basis every 
hour is necessary if outputs greater than 500 cc per hour exist. This mea
sure can generally be discontinued within 8 to 12 hours of surgery. 

Paraplegia and paraparesis are exceedingly rare after repair of uncom
plicated pararenal or suprarenal aneurysms. Nevertheless, if clamping is 
required at or above the diaphragm, the artery of Adamkiewicz can be 
deprived of flow. Paraplegia appears to be directly related to decreased 
blood flow in the spinal cord during aortic clamping.7,8 To ascertain ade
quate spinal cord perfusion, we generally maintain systolic arterial blood 
pressure in the 160-180 mmHg range, and cerebrospinal fluid (CSF) 
pressure below 10 mmHg. The difference between these two variables 
constitutes the spinal cord perfusion pressure; increasing systemic arterial 
blood pressure while decreasing CSF pressure should theoretically main
tain adequate spinal cord perfusion. 

At the time of surgery, an indwelling intrathecal catheter is placed at the 
L3 to U level. Enough CSF, generally 10 to 20 cc, is removed to bring the 
pressure to under 10 mmHg as monitored through the catheter connected 
to a transducer. CSF pressure is continuously measured throughout the 
procedure and additional volumes of fluid withdrawn to maintain the pres
sure below 10 mmHg. The catheter is left in place for approximately 24 to 
48 hours after operation; in the intensive care unit, CSF is removed to 
maintain pressure below 15 mmHg. We employ this technique on all 
aneurysms that require clamping of the aorta above the level of the di
aphragm. 

Inflammatory Abdominal Aortic Aneurysm 

Inflammatory abdominal aortic aneurysms (IAAA) have been reported to 
comprise up to 15.1% of abdominal aortic aneurysms (AAA),9 although 
larger series have documented a lower incidence. In a review of 2,816 pa
tients operated upon for AAA over a 30-year period, Pennell et al.lO re
ported an incidence of 4.5%. Crawford et aLl! reported an incidence of 
2.9%, while Goldstone et al. 12 found IAAA in 5% of 200 AAA. 

This condition is characterized by intense fibrosis and thickening of the 
aortic wall. 13 The aneurysm is surrounded by a thick, shiny, highly vascu-
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FIGURE 12.3. cr scan showing inflammatory abdominal aortic aneurysm. Note the 
prominent periaortic inflammatory process. 

lar, whitish/pink fibrotic process. This reaction may extend away from the 
aneurysm to involve the left renal vein, the ureters, the inferior vena cava, 
the duodenum and other portions of the bowel. The anterior and lateral 
walls of the aorta are thickened, measuring from 1 to 4 cm. The thickening 
is not uniform, with the posterior wall and, to a lesser extent, the lateral 
wall, being thinner; it is at these locations that rupture may occur. 14 

Patients having IAAA present with symptoms more frequently than 
their noninflammatory counterpart. In Pennell et al. 's review, abdominal 
or back pain was present in 60%, 20% exhibited weight loss, while 10% 
experienced anorexia. The erythrocyte sedimentation rate (ESR) was ele
vated in over 70% and is the only blood test that suggests the diagnosis. 

CT scan is diagnostic when it shows the contrast enhanced thickened 
inflammatory wall surrounding the aorta (Fig. 12.3). The abdominal ultra
sound may show a sonolucent "halo" around the aorta. Angiography does 
not assist in making the diagnosis of this disorder. Intravenous pyelography 
may suggest the presence of the inflammatory process by revealing hydro
nephrosis and/or medial deviation of the ureters. 

If an IAAA is suspected, ureteral catheterization and placement of in
dwelling ureteral stents should be undertaken prior to surgery. The stents 
will make it easy to identify the ureters, by palpation, during the operative 
procedure. If obstruction is present, it is prudent to delay operation after 
placement of the stents since a postobstructive diuresis may ensue, which 
may cause severe alteration in the fluid and electrolyte balance. 

At surgery, an inflamed retroperitoneal mass is found. The duodenum is 
usually adherent at the right anterolateral aspect of the mass-DO NOT 
ATTEMPT TO DISSECT THE DUODENUM AWAY FROM THE 
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MASS. Exposure of the aorta can be obtained by incising the base of the 
transverse mesocolon, cutting the ligament of Treitz, and exposing the left 
renal vein. The left renal vein may be mobilized, exposing the underlying 
aorta if it is not severely involved by the inflammatory process. Dissection 
is then carried out very carefully on each lateral wall so that placement of 
an aortic occluding clamp may be safely accomplished. 

If the left renal vein is stuck to the aortic wall, it means that the in
flammatory process extends at least up to the renal arteries. In this situa
tion, it is safer to approach the aorta by mobilizing the left colon, spleen, 
pancreas, and left kidney, rotating them medially. 

One should generally avoid dissection of the common iliac arteries since 
these are usually involved to some degree by the inflammation. The distal 
anastomoses are best made in the distal external iliac arteries, which are 
almost invariably free of the inflammatory process. Tunnels for each limb 
of the bifurcation graft to the distal external iliac arteries are made either 
lateral or posterior to the inflammatory mass and either medial or lateral to 
the iliac arteries as long as they are deep to the ureters. 

A vertical aortotomy is then made after proximal and distal occlusion is 
achieved. Proximal control may be necessary just below or above the su
perior mesenteric artery depending on the extent of the process, while in 
the most severe cases, supraceliac clamping may be necessary. The orifices 
of the common iliac arteries are oversewn, unless the distal anastomoses 
are to be made at this level. We routinely perform endarterectomy in an 
IAAA, since it has been proposed that the inflammatory process is the 
result of an autoimmune reaction to the diseased atheromatous intima of 
the aneurysm. The proximal anastomosis is then performed in a standard 
"inlay" fashion. The distal anastomoses are performed in an end-to-side 
fashion to provide retrograde flow into the hypogastric arteries. Flow is 
then restored through the graft, and it is covered with the aneurysm wall. 

Concomitant Renal Revascularization 

Five to 10% of all patients undergoing repair of abdominal aortic 
aneurysms have significant renal artery stenosis, but only 50% of these 
require concomitant revascularization. 15 Hollier et al. 15 reported that 
3.1 % of 1112 AAA repairs required concomitant renal revascularization. 
In a multicenter study, 2.1 % of 666 patients required renal artery revascu
larization at the time of aneurysm repair.18 

Renal artery revascularization should be considered when there is poorly 
controlled arterial hypertension, deterioration in renal function, and when 
preservation of renal function is pursued. Additionally, renal artery 
aneurysms should be repaired at the time of AAA repair. The latter is very 
uncommon and will not be discussed. 

We perform concomitant revascularization of the renal arteries for ste-
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nosis greater than 70% in a patient with severe or progressive hyperten
sion, or renal dysfunction secondary to the stenosis. Revascularization 
in an asymptomatic patient is also carried out when high grade stenosis, 
greater than 95%, is present. This is done because of the progressive 
nature of the atherosclerosis, which threatens with complete occlusion and 
loss of renal function. A concomitant procedure should obviate the need 
for reoperation. 

If there is proximal bilateral renal artery stenosis, transaortic renal end
arterectomy is generally performed. If bilateral nonorificial renal artery 
stenoses exist or there is unilateral stenosis, bypass to the renal arteries is 
undertaken from the aortic graft to the distal renal artery. Alternatively, 
nonorificial stenoses may be treated with balloon angioplasty prior to 
aneurysm repair. 

A midline transperitoneal abdominal approach is employed for patients 
with AAA and bilateral renal artery stenosis. The aorta is exposed up to 
the left renal vein, which is subsequently mobilized. The left adrenal and 
gonadal veins are doubly ligated and transected. This allows for safe trac
tion on the left renal vein, which need not be divided. At the level of the 
superior mesenteric artery to the left of the aorta, the crus of the di
aphragm is found. This is divided for more proximal exposure. The over
lying pancreas is elevated with the use of a Wylie renal vein retractor. 

A transverse aortic clamp is placed above the SMA, and the iliac arteries 
are individually cross-clamped. A vertical aortotomy is done from just left 
of the SMA down to the aortic bifurcation. Bleeding lumbar arteries are 
oversewn. Endarterectomy of the aorta and renal arteries is then per
formed. An attempt is made to stay in the superficial medial plane to avoid 
creation of intimal flaps in the renal arteries. Constant, gentle, central trac
tion is applied to the plaque, and eversion of the renal arteries will permit 
better visualization and control of the distal endpoints. Once the endar
terectomy is completed, No. 3.5 or 4 Fr. dilators are passed through each 
renal artery to verify patency of the vessel. The aortotomy is then closed 
with a running 3.0 prolene suture from above down to the neck of the 
aneurysm. Renal perfusion is then reestablished by moving the clamp to 
the aorta just below the renal arteries. The infrarenal aorta is then replaced 
with a prosthestic graft. 

The adequacy of the revascularization is then tested with either the in
traoperative Doppler or the electromagnetic flowmeter. Flows of 100 to 
450 cclmin are expected; flows of less than 100 cc/min raise the suspicion of 
an intimal flap. 

Aortorenal bypass is used for the treatment of unilateral or bilateral 
nonorificial renal artery stenosis. A midline transperitoneal approach is 
used, the left renal vein is mobilized as previously described, and the renal 
arteries are fully exposed out to the branch vessels. The AAA is replaced 
with a prosthetic graft in the standard manner. Once flow through the graft 
is restored, a partial occluding clamp is placed approximately 1 cm below 
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the proximal anastomosis. For a right renal bypass, the clamp is placed on 
the right lateral aspect of the graft; it is placed on the left anterolateral 
portion of the aortic graft for a left renal artery bypass, since a graft to the 
left renal artery will generally loop anterior to the left renal vein. A 6 mm 
knitted velour dacron graft is sutured end-to-side to the aortic graft using 
5.0 prolene sutures in a running fashion. The renal artery is suture ligated 
at its origin and then divided. Spatulation of the distal end of the renal 
artery is carried out on the anterior aspect, and the dacron graft is then 
sutured end to end with 7-0 prolene suture to the renal artery. Once bypass 
is complete and flow reestablished, the aneurysm wall is closed over the 
graft. Partial excision of the side of the aneurysm sac is performed to allow 
holes for exit of the bypass. 

Concomitant Visceral Revascularization 

Patients who have AAA and symptomatic chronic intestinal ischemia 
are best treated by aneurysm repair and revascularization of the visceral 
vessels. When both celiac and SMA are occluded, an extraperitoneal 
approach is preferred. 

Exposure of the aorta, with proximal and distal control, and the aorto
tomy are carried out as described for renal vascularization; the proximal 
clamp, however, is placed on the supraceliac aorta and the aortotomy is 
carried just cephalad and to the left of the celiac axis. Transaortic end
arterectomy of the visceral arteries is then performed and the infrarenal 
aorta replaced with a dacron graft. If endarterectomy is not possible, by
pass with a bifurcated 14 x 7 mm dacron velour graft from the supraceliac 
aorta to the celiac and superior mesenteric arteries, respectively, is done. 
The infrarenal AAA is then repaired with a prosthetic graft in the usual 
manner. 

In the patient with ASYMPTOMATIC celiac artery and SMA occlu
sion, we revascularize, at the time of AAA repair, at least one major 
visceral vessel. If the inferior mesenteric artery (IMA) is large and tor
tuous, reimplantation of this vessel is carried out. 

Concomitant revascularization of only one visceral artery is done by a 
short segment graft placed end-to-side to the supraceliac aorta for celiac 
artery bypass, or to the aortic graft for SMA bypass. A Carrel patch tech
nique is usually used for IMA reimplantation. If the orifice of the IMA is 
occluded upon opening of the aneurysm, it may be oversewn. If the IMA is 
open, it should be occluded and one should reevaluate the collateral blood 
supply to the colon at the end of aneurysm repair, since restoration of flow 
to the hypogastric arteries may provide excellent collateral flow up to the 
IMA and left colic artery. 

No matter what the condition of the IMA and other visceral vessels, 
revascularization of at least one of the hypogastric arteries is carried out. A 
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tube graft of the aorta or a bifurcated graft to the common iliac arteries 
provide direct flow to the hypogastric arteries. The latter, however, are not 
perfused if bypass to the distal external iliac or femoral arteries is carried 
out in the face of bilateral proximal external iliac artery occlusion. In this 
scenario, a separate bypass is performed directly to one of the hypogastric 
arteries. 

Once the AAA is repaired, back-bleeding from the IMA's orifice is 
evaluated; the latter is oversewn if pulsatile backflow is present. If one is 
concerned about the adequacy of collateral circulation, IMA stump pres
sure is measured. Although others accept 40 mmHg as being adequateP 
we prefer to see a pressure greater than 50 mmHg since we have seen mu
cosal ischemia with pressures of 40 mmHg. Additionally, colonic perfu
sion can be evaluated by injecting one or two ampules of fluorescein in
travenously and then examining the bowel with the ultraviolet lamp. If the 
perfusion of the colon seems to be inadequate, a Carrel patch technique 
is used for reimplantation of the inferior mesenteric artery. Alternatively, 
a short segment vein interposition graft may be used to revascularize a 
critically needed IMA. 

Summary 

Aneurysm repair is usually uncomplicated and with very low morbidity and 
mortality. However, some anatomic variations or inflammatory changes, 
as described above, can be of significant importance and concern if encoun
tered unexpectedly by the unwary surgeon. Careful preoperative evalua
tion can alert the surgeon to such problems and allow better preparation 
for operation or for judicious referral of the patient. 
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13 
Mycotic Aneurysm: In Situ vs. 
Extraanatomic Repair 

MIRALEM PASIC 

Summary 

Twenty-eight patients with 30 mycotic aneurysms were operated on 
between January 1971 and December 1990. There were 24 males and 4 
females ranging in age from 6 to 84 years (mean for adults, 63 years). 
Sixteen aneurysms from 30 (53%) were ruptured. In situ repair was under
taken in 22 (73%) patients. Four patients died during hospital stay and 24 
survived. Two of the surviving patients died as a direct result of aneurysm. 
The estimated I-year and 5-year survival rates were 62% and 36%, respec
tively. In situ repair after an extensive debridement of the aneurysmal wall 
and infected tissue with antibiotic therapy is a satisfactory method for 
treatment of mycotic aneurysm. 

Introduction 

Mycotic aneurysm is a rare life-threatening pathological entity.1 It grows 
rapidly with subsequent rupture and high mortality. 2 To prevent these 
complications, aggressive antimicrobial and surgical therapy should be 
promptly undertaken. 

Standard surgical treatment consists of aortic ligation and extraanatomic 
bypass.3,4 However, when lesion is well circumscribed, in situ graft inter
position with radical excision and retroperitoneal debridement may be 
undertaken.5,6 In spite of antibiotic and surgical therapy, the morbidity 
and mortality remain great.7 In this study we report the surgical treatment, 
results and long-term follow-up of a group of patients with mycotic 
aneurysms operated on at the University Hospital Zuerich between 1971-
1990. 

146 
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TABLE 13.1. Location of mycotic aneurysm. 

Location In situ 

Ascending aorta 6 
Descending aorta 4 
Suprarenal abdominal aorta 1 
Infrarenal abdominal aorta 6 
Iliacal artery 1 
Innominate artery 1 
Axillary artery 1 
Extracranial carotid artery 1 
Popliteal artery 1 
Radial artery 
Total 22 

Patients and Methods 

No. of patients 

ligation 
1 

Extraanatomic 

1 

5 
1 

7 

During the 20-year period from January 1, 1971, to December 31,1990, we 
treated 28 patients with 30 mycotic aneurysms at the Cardiovascular Clinic 
of University Hospital Zuerich. All but one were adults, the mean adult 
age was 63 years, range 28-84 years. There were 24 males and 4 females. 
The diagnosis was made on clinical, microscopic and microbiologic 
findings. Patients who had elective aneurysm repair with positive findings 
on culture of aneurysm contents, incidentally discovered in the absence of 
other signs of infection, were not included. Likewise, patients treated for 
infection of prosthetic graft, with or without a false aneurysm, were not 
included. Sixteen aneurysms (53%) were ruptured. In four cases rupture 
occurred in the hospital. The location and method of treatment are 
summarized in Table 13.1. In situ repair was undertaken in 22 (73%) pa-

TABLE 13.2. Causative agent. 

Agent 

Salmonella 
Pneumococcus 
Streptococcus viridans 
beta-hemolitic Streptococcus 
Candida albicans + Escherichia coli 
Escherichia coli 
Mycobacterium TBC 
Staphylococcus aureus 
Unknown 
Total 

No. of patients 

1 
3 
2 
1 
1 
3 
2 
8 
7 

28 
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TABLE 13.3. Primary site of infection. 

Site 

Pneumonia 
Sepsis 
Fever 
Sore throat 
Active TEC 
Osteomyelitis 
Arthritis 
Endocarditis 
Pericarditis 
Prostatitis 
Intraabdorninal abscess 
Diverticulitis 
Unknown 
Total 

No. of patients 

3 
5 
3 
1 
2 
3 
1 
2 

4 
28 

tients (oversewing ofthe aneurysm was done in one, patch in 10, prosthetic 
graft in 9 and autologous venous graft in 2 patients). Simple ligation of the 
peripheral artery proximal and distal to the aneurysm and excision without 
grafting was our therapy in cases with mycotic aneurysm of the radial 
artery. Aortic or iliacal aneurysm required an axillofemoral bypass graft 
prior to excision of the aneurysm in six cases, and in one case was per
formed ascending aorta to infrarenal aortic bypass. Twenty-two patients 
were treated by antimicrobial therapy preoperatively. All patients received 
appropriate antibiotic treatment during and after surgical procedure. 

Table 13.2 summarizes the pathogenic agents cultured from aneurysm or 
by positive blood-culture. The most common pathogen was Staphylococcus 
aureus (in 8 patients, 38% from known agents) followed by Escherichia coli 
(in 3 patients, 14%) and pneumococcus (in 3 patients, 14%). In one of our 

TABLE 13.4. Factor predisposing to immunoincompetency. 

Factor 

Severe alcoholism 
Chronic renal failure 
Chronic obstructive pulmonary disease 
Steroids 
Aortic isthmus stenosis 
Chronic pancreatitis 
Active tuberculosis 
Irradiation (Hodgkin's disease) 
Total 

No. of patients 

4 
2 
2 
6 

1 
1 

18 
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TABLE 13.5. Cause of death. 

Cause 

A. Early death: 
1. Sepsis, multisystemic failure 
2. Sepsis, multisystemic failure 
3. Sepsis, multisystemic failure 
4. Sepsis, multisystemic failure 

B. Late death: 
1. Renal insufficiency 

Heart insufficiency 
2. Sudden death 
3. Renal insufficiency 

Heart insufficiency 
4. Bleeding, aorto-duodenal fistula 
5. Bleeding, aorto-duodenal fistula 
6. Systemic candidiasis 
7. Unknown 

Total 

Type of repair Location 

Extraanatomic Infrarenal 
In situ Infrarenal 
In situ Infrarenal 
In situ Suprarenal 

In situ Axillary artery 

In situ Ascending aorta 
In situ Ascending aorta 

Extraanatomic Infrarenal 
In situ Infrarenal 
Extraanatomic Infrarenal 
Extraanatomic Iliacal artery 

11 

28 patients multiple organisms were cultured. Primary site of infection was 
known in 24 patients (Table 13.3). 

Eighteen patients had immunodeficiency caused by corticosteroid ther
apy or had chronic disease such as pancreatitis, chronic obstructive pul
monary disease, tuberculosis, renal insufficiency or hematological disorder 
(Table 13.4). 

Results 

Four of the 28 patients died during hospital stay and 24 survived. Two of 
the surviving patients died as a direct result of aneurysm (Table 13.5). Five 
patients died as a result of unrelated causes. Tables 13.6 and 13.7 summa-

TABLE 13.6. Complications related to in situ repair. 

Type of Frank suppuration Radical 
Location complication during operation debridement 

Iliacal artery Y-graft infection No No 
Ascending aorta Dehiscence Yes Yes 
Infrarenal Y-graft infection No No 
Infrarenal Aortoduodenal fistula No No 
Infrarenal Embolization No No 
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TABLE 13.7. Complications related to extraanatomic reconstruction. 

Location 

Infrarenal 
Iliacal 
Infrarenal 

* Three times by the same patient 

Type of 
complication 

Ao,.-toduodenal fistula 
Graft thrombosis 
Graft thrombosis 

No. of patients 

1 
1 
3* 

rize complications related to operative procedure. The estimated I-year 
and 5-year survival rates for the whole group were 62% and 36%, respec
tively (Fig. 13.1). 

Comment 

Medical and operative treatment of patients with mycotic aneurysm differ 
due to localization of pathologic process and to causative agent. It depends 
also on a patient's age, general condition and underlying disease. Treat
ment of mycotic aneurysm is surgical, combined with appropriate pre- and 
postoperative antibiotic therapy. Classical treatment avoids the use of 
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FIGURE 13.1. Actuarial survival of 28 patients with mycotic aneurysms. 
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bypass procedures in the contaminated region because of the great risk of 
graft sepsis. Ligation of the involved periphery or visceral artery above and 
below the aneurysm is effective. If ischemia develops, however, a bypass 
procedure through uninfected tissue planes should be performed. Treat
ment of mycotic abdominal aortic aneurysm consists of a two-stage pro
cedure, with primary resection of the aneurysm and the creation of an 
extraanatomic bypass. Secondary grafting on the aorta from descending 
thoracic aorta to iliacal arteries could take place later if no signs of infection 
are present. Treatment by excision and ligation of the extracranial carotid 
artery may result without complications,8 but there is a great risk from 
stroke.2 In case of poor retrograde flow through the internal carotid 
artery, it is necessary to restore arterial circulation by end-to-end anasto
mosis or to bridge the defect in the excised artery by autogenous vein 
graft.8 Contrary to conventional treatment by aortic ligation, aneurysmal 
excision and extraanatomic bypass grafting, several reports suggest that 
mycotic aortic or external carotid mycotic aneurysm may be successfully 
treated by in situ grafting.6,7 Mycotic aneurysm of the ascending aorta and 
aortic arch should be treated by in situ graft replacement because of the 
location of the aneurysm. In these regions excision, local debridement and 
extraanatomic bypass is not possible in most patients. 

Aortic aneurysm should be completely excised. Incomplete resection of 
aortic disease may be the major factor for recurrent infection and subse
quent complications.7 Absence of purulence and negative intraoperative 
gram stain may decrease danger from infection of in situ bypass.9 Rupture 
occurs more frequently and earlier, and survival after surgery is also less 
common after infection with gram-negative bacilli than for those with 
gram-positive cocci. 10 In our patients with graft inclusion, it is one possible 
reason for persistent subfebrile temperature several weeks postoper
atively. 

Our study revealed that patients had underlying malignant or other chro
nic disease, or on immunosupressive therapy, exhibited more complica
tions and had shorter life expectancy. Although early results are good, the 
late results are unsatisfactory. The risk of reinfection, potential rupture 
and fatal hemorrhage remains great, independent of type of operation. A 
great number of patients die either from complications of primary disease 
or from complications of mycotic adeurysm. The risk of complications is 
great. Optimal surgical therapy and length of antimicrobial therapy is not 
well established. Recommended length of antibiotic therapy varies from 
2 to 6 months postoperatively,S or for the rest of the patients' lives.7 In 
treating patients with mycotic aneurysm by in situ bypass grafting, it is 
necessary to continue antibiotic therapy, probably for a lifetime, although 
this differs from case to case depending on causative agent and general 
state of the patient. Patients treated for mycotic aneurysm, especially by in 
situ bypass grafting, should be followed closely and frequently. 

Our study shows that in situ repair is the treatment of choice for mycotic 
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aneurysms located opposite the origin of a major vessel or in close proxim
ity to the heart. Mycotic aneurysm of the extracranial carotid artery should 
be treated by in situ reconstruction if revascularization is necessary. In situ 
reconstruction could be undertaken for other localization of mycotic 
aneurysm by younger patients in good condition. Aggressive local debride
ment of the aneurysmal wall and infected local tissue is essential to mini
mize postoperative infection. Patients with prosthetic graft should be 
treated by lifetime oral antibiotic therapy. 
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14 
Replacement of Infected Aortic 
Prosthetic Grafts with Vascularized 
Musculofascial Flaps 

ANITA K. LINDSEY, BRET C. ALLEN, ROBERT s. 
RHODES, and JOHN A. GRISWOLD 

Infected aortic prosthetic grafts are associated with a high rate of morbidity 
and mortality. In order to examine an alternative to extraanatomic bypass, 
a canine model of infected aortic Dacron grafts was used to evaluate a 
vascularized musculofascial pedicle flap fashioned into a cylinder for aortic 
reconstruction. The flap consists of rectus muscle, posterior rectus fascia 
and underlying peritoneum, based on the inferior epigastric artery. Infec
tion was established by direct inoculation of the Dacron grafts after in
sertion, with 1 x 108 CFU of Staphylococcus aureus. All dogs had swab, 
culture, and histologic proof of infection of the prosthetic Dacron grafts 
within 72 hours prior to construction of the flap. Three of the four dogs 
ecovered after flap insertion with normal activity and normal neurovas
cular status. Aortogram demonstrated patency of the flap with excellent 
arterial runoff in all dogs 24 days after construction. None of the flaps 
showed evidence of infection. One animal is now seven months after flap 
construction with no difficulties and is being maintained long-term for 
histological evaluation of the flap. A vascularized musculofascial pedicle 
flap can be successfully used for replacement of infected aortic tube grafts 
without the need for extraanatomic bypass. 

Introduction 

Since the development of prosthetic vascular grafts in the early 1950s by 
Voorhees and associates, many complications have been recognized,! One 
of the most serious and frequently life-threatening is infection involving an 
aortic prosthesis. The incidence ranges from 1 to 6%, with mortality rates 
from 16 to 90%, and limb loss occurring in approximately 25% of 
patients.2 Outcome with infected aortic grafts is strongly influenced by the 
timing and accuracy of diagnosis as well as the aggressiveness of surgical 
intervention. 

Once the diagnosis of prosthetic graft infection is made, the mainstay of 
therapy involves excision of the entire infected graft, broad spectrum anti-
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biotics, and a reconstructive procedure. Reconstruction usually involves 
extraanatomic bypass with prosthetic graft material with less than optimal 
long-term results. In addition, aortic stump disruption remains a threat 
despite aggressive surgical treatment. 

Muscle pedicle flap grafts are widely used for various reconstructive pro
cedures, and the use of autologous tissue in an infected field is obviously 
far superior to prosthetic material. Studies in 1952 by Cousar and Lam 
evaluated the use of rectus fascia as a patch for aortic defects or as a short 
segment fashioned into a tube for aortic replacement. 3 There was a high 
incidence of graft failure secondary to rupture, thrombosis, and aneurys
mal dilatation. In 1987 Coltharp, in this lab, evaluated the use of a vascula
rized musculofascial graft consisting of the rectus muscle, posterior fascia, 
and peritoneum for infrarenal aortic graft replacement.4 He showed this to 
be highly successful for aortic reconstruction. The success with this auto
logous tissue reconstruction is the basis for this study using these grafts in 
an infected field. 

Methods 

Adult mongrel dogs (fed and housed according to National Institutes of 
Health guidelines), 20 to 28 kgs, were anesthetized using sodium pentobar
bital (40 mglkg). After sterile betadine preparation of the abdomen, a right 
paramedian incision was made to avoid injury to the rectus sheath. The 
retroperitoneum was entered and the aorta dissected free. Branches be
tween the renal vessels and the bifurcation were ligated with 4-0 silk and 
efforts were made to preserve the inferior mesenteric artery. The animal 
was then heparinized (100 U/kg) and proximal and distal control of the 
aorta was obtained. A 1-2 cm segment of aorta was resected, and an 8 mm 
woven Dacron graft (Meadox) was interposed with anastomoses per
formed using a 5-0 proline suture (Ethicon) in running fashion (Fig. 14.1). 
Once patency was established and flow restored, the graft was directly in
oculated with 1 x 108 CFU Staphylococcus aureus suspended in a 1 cc solu
tion, and the retroperitoneum closed. The bacterial inoculum was pre
pared by obtaining colonies of S. aureus isolated from an infected wound, 
courtesy of the Microbiology Laboratory at the University of Mississippi 
Medical Center. These colonies were inoculated in Trypticase Soy broth 
for 24 hours at 37°C, then washed three times in saline. The solution was 
then standardized in a spectrophotometer to the desired cell concentration. 
After inoculation, the abdominal wall was closed in layers with 2-0 and 0 
Vicryl suture (Ethicon). No peri- or postoperative antibiotics were used. 

After an observation period of 72 hours, the animals were again anesthe
tized, prepped, and draped, and the abdomen was entered through a ver
tical midline incision. The retroperitoneum was reopened, cultures were 
taken around the graft with sterile swabs, and the Dacron prosthesis was 
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FIGURE 14.1. Completed anastomosis with Dacron graft (8 mm) interposed be
tween transsected ends of the aorta. 

dissected free from surrounding tissues. Next, the rectus abdominus flap 
was constructed beginning with the development of a plane between the 
anterior fascia and the underlying rectus muscle on the left, away from the 
previous incision, using scalpel dissection. Dissection continued until the 
muscle was exposed along the full length of the incision and extending 1 to 
2 cm lateral to the lateral border of the rectus. The pedicle flap was then 
divided superiorly at the level of the costal margin, and the superior epigas
tric vessels were ligated . Separation continued laterally to create a muscu-
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Peritoneum 

Glass rod 
stent 

-----~~ 

Posterior 
rectus sheath 

Rectus muscle 

FIGURE 14.2. Illustration showing construction of tube graft with free end wrapped 
around glass rod stent and sutured to itself in two layers with 5-0 proline suture. 

lofascial pedicle flap based on the inferior epigastric vessels. The under
lying peritoneum was left attached to the posterior fascia. The superior end 
of the muscle, distal from the base, was then wrapped around a glass tube 
stent approximating the size of the aorta. The graft was sewn to itself using 
a double row of running 5-0 proline suture, resulting in a tube graft lined 
with peritoneum (Fig. 14.2). The infected prosthetic graft was then excised 
after heparinization and establishment of proximal and distal control. A 
longitudinal section through the anastomosis was excised, placed in Trypti
case Soy broth for culture, and the remainder of the specimen was placed 
in formalin for histologic study. The muscle flap was then rotated into the 
aortic bed, taking care not to allow kinking of the muscle at the abdominal 
wall with subsequent compromise of blood supply. The flap was then anas
tomosed to the transsected aorta with running 5-0 proline suture (Fig. 
14.3). Blood flow was restored and an aortogram was performed by injec
tion of 20-30 cc Hypaque via a 16-gauge butterfly inserted into the aorta 
just above the proximal anastomosis. The peritoneal cavity was then irri
gated with saline and closed in layers approximating the left anterior fascia 
and the right anterior and posterior fascial layers. The animals were 
treated preoperatively with a single dose of Monocid, 500 mg IV (SK&F), 
and then placed on a 5-day course of Monocid, 500 mg 1M q 24 hours. 

After an observation period of 24 days, the dogs were again anesthetized 
and reexplored through the midline incision. The aorta and the muscle flap 
were exposed. Cultures of the retroperitoneal space were repeated. An 
aortogram was again obtained to insure flap patency. Proximal and distal 
control was obtained, and the flap excised in continuity with the anasto
moses (Figs. 14.4 and 14.5) . A longitudinal segment through one anasto
mosis was placed in Trypticase Soy broth for culture, with the remaining 
specimen placed in formalin for histologic study. 

Microbiologic studies performed on the graft included plating of the re-
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FIGURE 14.3. Completed anastomosis with rectus musculofascial pedicle flap re
placing excised infected Dacron graft. Forceps under muscle pedicle illustrating 
base from anterior abdominal wall. 

FIGURE 14.4. Muscle flap excised with small segment of native aorta. Forceps 
pointing to each end. 
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FIGURE 14.5. Muscle flap opened longitudinally. 

troperitoneal swabs on Trypticase Soy agar and incubation for 24 to 72 
hours. The sections taken through the anastomosis were incubated in 
Trypticase Soy broth for 24 hours. 

Specimens for histologic study were fixed in 10% neutral buffered forma
lin. Longitudinal sections were taken from each specimen, including one 
anastomosis. Sections were all stained with hematoxylin and eosin and 
McCullum-Goodpasture gram stain. On histologic examination, inflamma
tory cells were identified and quantified subjectively from most to least 
predominant in each section, as well as overall intensity of the cell infiltra
tion. The specimens were also examined for presence of gram positive 
cocci. 

Results 

A total of four adult mongrel dogs had infected aortic prostheses replaced 
with muscle pedicle flaps . The dosage of 1 x 108 CFU/cc of Staphylococcus 
aureus provided positive cultures of the graft within 72 hours that were 
consistently reproducible without causing overwhelming peritonitis and/or 
sepsis. Retroperitoneal cultures were positive in three of four animals. All 
graft cultures were positive at 72 hours and identified as pure S. aureus 
(Table 14.1) . 

Survival was 75% (three of four) in animals receiving the muscle flap. 
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TABLE 14.l. Microbiologic results. 

Dacron graft (3 days) Muscle graft (24 days) 
Dosage of 

Dog inoculum 
no. (CFU/cc) 

1 1 x 108 

2 1 X 108 

3 1 X 108 

4 1 X 108 

Retroperitoneal 
swab! 

+ 

+ 
+ 

Graft 
culture2 

+ 
+ 
+ 
+ 

Retroperitoneal 
swab! 

Graft 
culture! 

!Results of all cultures given as (+) or (-) for Staphylococcus aureus after incubation for up 
to 72 hours. 
2Autopsy specimen at 6 days. 
3Not harvested at present-maintained for long-term histopathologic evaluation of the mus
cle flap. 

The three survivors had no neurovascular deficits and in the immediate 
postoperative period were active and appeared healthy. One animal died 
six days after placement of the muscle graft. Immediate autopsy was per
formed and revealed a dissection between the rectus muscle and peri
toneum that resulted in graft occlusion. This was felt to be related to tech
nical error in an area of thinned peritoneum. Arteriograms performed on 
the three survivors showed excellent patency and arterial runoff (Fig. 
14.6). 

Two of the surviving animals had the musculofascial pedicle flap har
vested 24 days following replacement of the infected Dacron graft. One 
animal is being maintained for long-term histopathologic evaluation of the 
muscle flap at one year. All cultures of the pedicle flap graft taken at 24 
days were negative. 

TABLE 14.2. Histopathologic results. 

Dacron grafts (3 days) 

Predominant Intensity (cellularity) 
Dog inflammatory of inflammatory 
no. cell types reaction 

1 N Marked 
2 N Marked 
3 N Marked 
4 N Marked 

Muscle grafts (24 days) 

Predominant 
inflammatory 
cell types 

L 
L 
U 
NA2 

Intensity (cellularity) 
of inflammatory 
reaction 

Sparse 
Sparse 
Sparse! 
NA2 

Results of histopathologic study of infected Dacron grafts and musculofascial flaps; 
N = Neutrophils, L = Lymphocytes. 
!Autopsy specimens at 6 days. 
2Not harvested at present. 
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FIGURE 14.6. Aortogram at 24 days after muscle pedicle flap insertion. 

The results of histopathologic examination of the infected Dacron grafts 
and the musculofascial grafts following harvest are shown in Table 14.2. 
Pathologic studies of the harvested infected Dacron graft revealed an acute 
inflammatory reaction with marked cellular infiltration, a predominance of 
neutrophils, and an occasional microabscess (Figs. 14.7 and 14.8). Ex
amination of the excised musculofascial flap revealed viable muscle cells 
and a sparsity of inflammatory cells, predominantly lymphocytes (Figs . 
14.9 and 14.10). No gram positive cocci were identified in any of the mus
culofascial specimens. 
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FIGURE 14.7. Histologic section of infected Dacron graft demonstrating marked 
acute inflammatory reaction. 

Discussion 

Despite progress made in the early diagnosis of prosthetic aortic graft in
fections and the realization that aggressive surgical intervention is man
dated, the mortality and morbidity of this serious complication remains 
significant. No synthetic material has been developed to-date that can be 
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FIGURE 14.8. Histologic section of infected Dacron graft with microabscess. 

utilized in an infected field. Extraanatomic bypass, with its less than 
optimal long-term patency rate, frequently may lead to eventual loss of 
limb. In addition, when radical surgical removal of all infected prosthetic 
graft material is performed, the threat of aortic stump disruption remains 
present.5 

The use of autogenous material in an infected field has long been recog
nized as yielding superior results over the almost certain failure of prosthe-
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FIGURES 14.9 and 14.10. Histologic sections of muscle flap showing paucity of 
chronic inflammatory cells. 

tic materials. However, in dealing with large vessels, suitable autogenous 
material has been difficult to construct. The supply of homografts and 
problems with degenerative changes have slowed major advances toward 
this end. Previous efforts to evaluate the rectus fascia without attached 
vascular supply as an aortic replacement met with significant complications 
of thrombosis, dilatation, and anastomotic disruption.3 ,6,7 In 1987 Col-
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Fig. 14.10 

tharp showed that a vascularized pedicle flap, utilizing the rectus fascia and 
underlying peritoneum based on the inferior epigastric vessels, had marked 
advantages over its nonvascularized counterpart.4 Evaluation of the auto
logous muscle flap in the face of infection, the situation we feel to be most 
clinically useful, was the basis for this study. 

In this study, the bacterial inoculum of 1 x 108 CFU/cc of Staphylococcus 
aureus was consistently able to produce microbiologic and histopathologic 
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evidence of infection in the Dacron graft three days after inoculation with
out causing overwhelming sepsis or widespread peritonitis. Examination of 
the grafts at time of reoperation also revealed clinical evidence of infection 
with grossly purulent fluid encountered upon opening the retroperi
toneum. There was also a marked perigraft inflammatory reaction in the 
form of fibrinous exudate and adhesions. In contrast, when the abdomen 
was reexplored 24 days after placement of the muscle flap, no free fluid was 
encountered. Adhesions were noted from the external muscle layer of the 
flap to other retroperitoneal structures. 

The study reconfirms that the rectus musculofascial flap can be success
fully utilized as a tube graft for aortic replacement. However, meticulous 
surgical technique in the preparation of the flap is essential as evidenced by 
the single death from technical error. Furthermore, the results indicate 
that these flaps appear to be quite successful in a setting of infected pros
thetic grafts demonstrating no evidence of infection 24 days after construc
tion while maintaining excellent blood flow. 

The consistent availability of the flap in most patients and the inherent 
superiority of autologous vascularized tissue in infected fields makes it use
ful, not only in infected prosthetic tube grafts, but possibly also in other 
problem areas, such as buttressing the aortic stump after excision of in
fected prosthetics to lessen the risk of aortic stump disruption. 
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Is It Worthwhile To Operate on 
Patients with Infrarenal Abdominal 
Aortic Aneurysms in China? A 
Review of 30 Years' Experience at 
Zhongshan Hospital 

YUQI WANG, JIANRONG YE, FUZHEN CHEN, WEIGUO Fu, 
YOUXIAN FENG, and XIULING Y AO 

During the 30 years between 1960 and 1989,100 patients with atherosclero
tic infrarenal abdominal aortic aneurysms (AAA) were admitted into 
Zhongshan Hospital. Twenty-eight were treated nonsurgically and 72 
surgically. The operation was resection of AAA with prosthesis replace
ment. The operative mortality was 2.78%. Sixty-two surgical patients are 
in the postoperative follow-up group. The 5-year survival rate is 
83.98% ± 1.71%. Eighteen nonsurgical patients are in the follow-up 
group. Eight of them died directly from ruptured AAA. The nonsurgical 
5-year survival rate is 47.74% ± 12.96%. Ten surgical patients died from 
ruptured anastomotic false aneurysms. This mortality is higher than what 
has been reported in the English literature. It may relate to the durability 
of the prostheses that were inserted. Even so, if all postoperative late 
deaths from ruptured aorta and other causes are taken into consideration, 
the 5-year survival rate of the surgical group, 77.51% ± 6.21%, is still 
higher than that of the nonsurgical group. The data in this paper show 
that the operation for AAA in this hospital is safe and the postoperative 
long-term results are comparable to what has been reported in the litera
ture. 

It has been routine to treat infrarenal abdominal aortic aneurysms with 
resection and prosthetic graft replacement since the first operation was 
done in 1951.1 There is no accurate epidemiological investigation of the 
incidence of atherosclerotic abdominal aortic aneurysm in China, but it is 
evidently lower in this country than in the Western countries. During the 
last 30 years, 100 cases were admitted into Zhongshan Hospital and about 
two-thirds of them were treated surgically. The questions that need to be 
answered are whether the operation is safe and what the long-term results 
are. 

166 
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Patients and Methods 

All the patients presenting with infrarenal AAA in Zhongshan Hospital 
from 1960 to 1989 have been reviewed. Surgical management has been 
resection of the aneurysm and replacement with a synthetic prostheses. In 
the early days, knitted pure silk and occasionally woven Dacron were used, 
then knitted blend silk with Dacron, and recently EPTFE and woven Dac
ron. Perioperative prophylactic antibiotics were used. Mortality and mor
bidity have been defined as postoperative when death and complication 
occurred during or subsequent to resection during the initial hospital 
admission. Long-term survival rate in both surgical and nonsurgical pa
tients available for follow-up at the end of 1989 was achieved by a question
naire to the patients or by follow-up in the outpatient clinic. Analysis of 
long-term survival rate was calculated by the life table method. 

Results 

During the 30-year period, 100 patients with infrarenal abdominal aortic 
aneurysms were hospitalized at Zhongshan. The patients were from 22 of 
30 provinces and municipalities all over China. The pathogenic diagnosis 
was atherosclerosis for all of the patients. Eighty-seven cases were male, 13 
were female, for a male to female ration of 6.69 to 1. The ages ranged from 
27 to 76 with a mean age of 59 years. All the patients came for medical 
consultation because of an abdominal pulsatile mass. Forty-four patients 
complained of abdominal pain or back pain (44%). Ten complained of 
claudication, but only 2 had evidence of occlusive vascular disease. In their 
histories, 73 of them had a history of hypertension (73%), 30 of coronary 
heart disease (30%),8 of diabetes mellitus (8%), and 6 of cerebral vascular 
disease (6%). Thirty-five of 50 recorded cigarette smoking (70%). Thir
teen of 63 with records of blood lipids tests had hyperlipidemia (20.63%); 
13 of 46 with records of renal function tests revealed elevated creatinine 
and/or urea nitrogen (28.26%). Four of 47 with records of hepatic function 
tests showed chronic insufficiency (8.51%). Four of 13 with respiratory 
function tests had evidence of chronic obstructive pulmonary disease 
(30.8%) (Table 15.1). B-mode ultrasound examination (68 cases), com
puterized tomography (15 cases), and angiography (58 cases) confirmed 
the diagnosis of infrarenal AAA. 

Twenty-eight patients, 25 males and 3 females, were treated nonsurgical
ly because of acute myocardial infarct (AMI) (2 cases), stroke (1 case), 
insufficiency of renal function with the aneurysm just below the renal arte
ries (1 case), bilateral occluded iliac arteries (1 case), ruptured AAA de
nying surgery (1 case), and refusing surgery (20 cases). The diameters in all 
the nonsurgically treated patients were 5 cm or greater with the greatest 
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TABLE 15.1. Concomitant diseases. 

Diseases 

Hypertenision 
Coronary heart disease 
Diabetes 
Cerebral vascular disease 
Hyperlipidemia 
Renal insufficiency 
Hepatic insufficiency 
Chronic obstructive pulmonary disease 
(Cigarette smoking) 

• 2 with confirmed MI 

No. of patients 

73/100 
30/100' 

81100 
6/100 

13/63 
13/46 
4/47 
4/13 

35/50 

% 

73.0 
30.0 
8.0 
6.0 

20.63 
28.26 
8.51 

30.80 
70.0 

being 15 cm. Nine of this nonsurgically treated group were followed up 
only in the first year following admission and 5 were lost to follow-up at the 
fifth year, making a 64.29% follow-up rate. At the latest follow-up, 1 is 
alive at the first year postadmission, 1 at the third year, 3 at the fourth year, 
and 3 at the fifth year. Except for these cases, no one has been followed up 
over 5 years. The rest of the nonsurgically treated patients either died or 
were lost to follow-up. Eight of 28 patients died from ruptured AAA with 3 
cases during the first year, 2 during the second year, and 1 each during the 
third, fourth, and fifth years. The incidence of ruptured AAA in this group 
is 28.57%. One patient died from acute myocardial infarct during aortic 
angiography, 1 died from stroke during the first year, and 1 from AMI 
during the third year (Table 15.2). The cumulative survival rate is 
86.36% ± 6.84% at the first year, 73.07% ± 9.54% at the second year, 
66.12% ± 11.8% at the third year, 58.38% ± 11.99% at the fourth year, 
and 47.73% ± 12.96% at the fifth year (Fig. 15.1). 

Seventy-two of 100 patients underwent elective resection of the AAA 
and in situ prosthetic graft. There were 64 males and 8 females. Twenty-six 
of them were under 60 years of age, 35 were ages 60 to 69, and 11 were 

TABLE 15.2. Reasons for undertaking nonsurgical treatment. 

Reasons No. of patients % 

AMI 2 7.14 
Stroke 1 3.57 
Renal insufficiency 

with AAA near renal arteries 1 3.57 
Bilateral occluded iliac arteries 1 3.57 
Ruptured AAA denying operation 1 3.57 
Denying operation 22 78.57 

Total 28 100.00 
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FIGURE 15.1. Five-year survival of two groups. Only deaths from ruptured aorta 
are taken into consideration. 

over 70. The youngest was 27 and the oldest 76. No ruptured AAA was 
operated On. In 2 cases, the aneurysm diameter was 4 cm. In the remaining 
70 cases, the diameter of AAAs were greater than 5 cm with the greatest 13 
cm. Knitted pure silk prostheses were used before 1983 in 48 cases. Knitted 
Dacron was used in 2 cases. Knitted silk and Dacron blend prosthesis was 
used in 6 cases between 1983 and 1987. EPTFE prosthesis was used in 14 
cases, and Gelsoft knitted Dacron was used in 2 cases in 1988 and 1989. 
Among them, 60 bifurcated and 12 tube grafts were inserted (Table 15.3). 

The AAA neck was dissected thoroughly back through the aorta, and 
the anastomosis was completed using a "two-point" method in 67 cases. 
The AAA neck was only bilaterally dissected, and the anastomosis was 

TABLE 15.3. Prosthesis used. 

Material Period No. of patients % 

Pure silk 1960-1983 48 66.67 
Silk & Dacron blend 1983-1987 6 8.33 
Dacron 1960-1987 2 2.78 
Gelsoft Dacron 1989 2 2.78 
EPTFE (Gore-Tex) 1988-1989 14 19.44 
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TABLE 15.4. Operative mortality. 

Causes of death 

Hemorrhage from anastomosis 
AMI 

Total 

No. of patients 

1 
1 

2 

% 

1.39 
1.39 

2.78 

performed with continued "parachute" method from the back wall of the 
aorta in the latest 5 cases in 1989. The inferior mesenteric artery was li
gated in all of the 72 cases because of its involvement in the aneurysm. In 
the postoperative stage, the patients who had surgery done between 1960 
and 1987 were routinely kept in bed for 3 weeks. From 1988, all of the 17 
patients were up and about in 3 to 7 days postoperatively as routine. There 
was no wound or deep infection. There were 2 operative deaths. One died 
2 weeks postoperatively from blood leakage of the upper anastomosis that 
was not corrected by reoperation. The other died from AMI on the fourth 
day after the operation. The operative mortality was 2.78% (Table 15.4). 

Intraoperative bleeding happened in 2 cases, both occurring from lacera
tion of iliac veins when dissecting the iliac arteries. Postoperative bleeding 
happened in 3 cases (4.17%), one of which has been mentioned above: the 
death from blood leakage of the upper anastomosis. One had a blood leak
age from the upper anastomosis, and exploration stopped the bleeding by 
an additional stitch in the suture line of the back anastomotic wall. Two 
months later, the patient eventually recovered from multiple organ failure. 
Another experienced bleeding from an unligated lumbar artery; this was 
ligated by a second laparotomy. Other vascular complications were: 
thrombosed right branch of the graft in one case (1.39%), which was 
evacuated by thrombectomy; ischemic left leg in one case; and a femoro
femoral vein bypass was done on the second day in one case. The operative 
vascular morbidity was 9.72%. Other complications were AMI in one case 
(mentioned above); arrhythmia cordis in one case; bronchopneumonia in 3 
cases, one of which was complicated by pulmonary edema; gastric reten
tion in 2 cases; hemorrhage from the upper digestive tract in 1 case; adhe
sive intestinal obstruction in 3 cases-one had gangrenous intestine re
sected, one underwent plication of the intestine, and division of adhesion 
relieved the obstruction in the third; melena in 3 cases; and long-lasting 
flatulence and constipation in 4 cases. The operative morbidity rate of 
other disea:ses was 25%. The overall operative morbidity rate was 34.72% 
(Table 15.5). 

Eleven of 72 surgical patients were lost to follow-up, 2 each at the first, 
second, third, and fourth years, and 1 each at the eighth, ninth, and 
eleventh years postoperatively. The rate of follow-up is 84.73%, higher 
than for nonsurgical patients (p < 0.001). One patient had a second opera-
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TABLE 15.5. Operative complications. 

Complication No. of patients % 

Intraoperative bleeding 2 2.78 
Postoperative bleeding 3 4.17 
Thrombosed graft branch 1 1.39 
Ischemic foot 1 1.39 

Total vascular complications 7 9.72 

AMI 1 1.39 
Arrhythmia 1 1.39 
Bronchopneumonia 3 4.17 
Gastric retention 2 2.78 
Hemorrhage upper digestive tract 1 1.39 
Adhesive bowel obstruction 3 4.17 
Flatulence and constipation 4 5.56 
Melena 3 4.17 

Total other complications 18 25.00 

Total operative complications 25 34.72 

tion for anastomotic false aneurysm 3 years and 3 months after the first 
operation. Another patient had a second operation for a proximate in
frarenal aortic aneurysm just above the previous graft 2 years and 4 months 
after the first operation. Eight patients died from ruptured aorta or "graft 
failure" during follow-up, diagnosed by the symptoms of sudden deaths 
given by the patients' doctors or relatives. Two died at the second year, 3 at 
the third year, and 1 each at the fifth, sixth, and eighth years. Rupture was 
considered to have happened in an anastomotic false aneurysm or in the 
graft. Six of the 8 could not get to a hospital. The incidence of ruptured 
aorta in the surgical group is 11.11 %, significantly lower than that of the 
nonsurgical group (p < 0.05). Eleven surgical patients died from other dis
eases, i.e., 2 from cardiac problems, 2 from stroke, 1 from hemorrhage of 
the digestive tract, 1 from obstruction of the intestine, 1 from carcinoma of 
the cardia, 1 from "high fever," 1 from complications of a gangrenous foot, 
and 2 from unknown causes. The mortality of other diseases in the two 
groups were about the same (p > 0.05) (Table 15.6). 

Except for the cases lost to follow-up, 56 patients lived over 1 year, 29 
lived over 5 years, 8 lived over 10 years, and 3 lived over 15 years. The 
patient who has the longest life postoperatively has entered the 20th year 
and is 78 years in age. The postoperative survival rate is 96.92% + 2.13% 
at the first year, 93.20% + 1.04% at the second year, 86.69% + 1.53% 
at the third and fourth years, 83.98% + 1.71% at the fifth year, 
80.93% + 1.90% at the sixth and seventh years, 76.43% +2.31 % at the 
eighth year and beyond (Figure 15.1). 

The surgical group survival rate in each year is significantly higher than 
that of the nonsurgical group, namely, p<0.05 at the first year, p<O.OI 
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TABLE 15.6. Causes of late deaths. 

Causes 

Cardiac 
Stroke 
Obstructive intestine 
Carcinoma 
"Gangrenous foot" 
"Fever" 
Hemorrhage of digestive tract 
Unknown 

Nonsurgical 

2 
1 
o 
o 
o 
o 
o 
o 

2 
2 
1 
1 
1 
1 
1 
2 

Surgical 

Total 3 (10.71%) 11 (15.28%, p>O.05) 

Rupture of aorta or 
graft failure 8 (28.57%) 8 (11.11%, p<O.01) 

from the second to the sixth years. If all deaths from ruptured aorta and 
other causes are taken into consideration, the survival rate of the surgi
cal and nonsurgical groups are, respectively, 95.42% ± 2.58% and 
78.26% ± 8.59% at the first year, 88.22% ± 4.61 % and 66.22% ± 10.69% 
at the second year, 82.06% ± 5.49% and 54.18% ± 11.65% at the third 
year, 82.06% ± 5.49% and 48.16% ± 11.90% at the fourth year, and 
77.51 % ± 6.21 % and 41.28% ± 12.57% at the fifth year (Figure 15.2). 

100% 

50% 

• surgical group 

• ~. 0 nonsurgical group 

~ 
o~ .----. ____ • 

o~o 
~o ----0 

..... ~ .......... -............ -... -... . 
2 3 4 5 

FIGURE 15.2. Five-year survival of two groups. All deaths are taken into considera
tion. 
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Discussion 

AAA patient numbers are increasing in Western countries.2 An increasing 
rate has also been encountered at Zhongshan Hospital, Shanghai, China. 
There were 100 cases of infrarenal AAA during the last 30 years at this 
hospital, but there were 25 cases, of which 20 were treated surgically, dur
ing just the last 3 years. That is 25% of the total cases in only the last 10% 
of the time period. It is time to analyze the safety of the operation, the 
long-term results, and any related subjects. 

All the cases with atherosclerotic suprarenal AAA or thoracoabdominal 
aortic aneurysms, AAAs from Marfan's disease, mycotic AAA, and 
traumatic AAA, etc., have been excluded from the present data. Only 
atherosclerotic infrarenal AAAs are reported. Moreover, the reasonable 
overall follow-up rate of 79% and the follow-up rates of 84.73% and 
64.29% in surgical and nonsurgical groups, respectively, make compari
sons possible and relatively reliable. 

The mean age of our patients is about 10 years younger than that of 
patients in the literature. This may reflect the difference in life expectan
cies. The mean age of patients during the last 2 years (1988 and 1989) was 
67, older than the mean age of 59 for the whole group, as also life expec
tancy has increased over the last 3 decades. 

The incidence of concomitant diseases is about the same as in the litera
ture. One obvious difference from the data in the English literature is that 
there was no ruptured infrarenal AAA operated on in this group. The 
operative mortality for elective AAA varies from unit to unit during the 
last 20 years, ranging from 0 to 11% in British teaching hospitals and in 
major vascular units of the USA.3 In a 2-year prospective study conducted 
between 1985 and 1987 in Oxford, the operative mortality for elective 
aneurysmal surgery was 1.4%.3 In another prospective survey conducted in 
Toronto and Ottawa, the mortality was 4.8%.4 These results of prospective 
studies may represent the current level of surgical treatment of AAA. 
Therefore, we could say that an operative mortality rate of 2.78% in the 
present data is acceptable, or that the operation for AAA is safe at Zhong
shan Hospital. It should be pointed out that one patient died from anas
tomotic hemorrhage 2 weeks postoperatively. This patient had an embo
lized left dorsalis pedis on the third day after resection of AAA and severe 
back pain and vomiting at the same time. These were the signs of postperi
toneal hemorrhage. If the exploration had been performed at this time, 
rather than 10 days later, the patient would have been saved. In fact, 
prompt exploration of the operative field found the causes of bleeding and 
saved 2 lives in this group. It is definitely wrong to have unnecessary "in
vestigation" or just to wait for the appearance of hemorrhagic shock. 

Other operative complications were not as often reported in the 
literature.5 Among them, pulmonary complication was dominant as well as 
vascular complications. Seventy percent of patients were smokers and 
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30.8% had obstructive pulmonary disease, making them liable to have 
postoperative hypoxia. The key to protect from this complication is keep
ing the respiratory tract patent. We found that leaving a epidural catheter 
for adding analgesic and using an ultrasonic atomizer was very effective in 
helping patients cough up phlegm. Flatulence, melena or fresh blood in the 
feces might be from ischemic colitis because of ligation of the inferior 
mesenteric arteries. But no case needed colectomy for relieving these 
symptoms. Though 13 of 46 had evidence of renal function damage 
preoperatively, no renal failure occurred postoperatively except in the case 
of multiple organ failure. This good result might be because no suprarenal 
aortic clamping was used during surgery. Cardiac complication was not 
often seen but could be fatal in this group. Adequate prophylactic antibio
tics ensured the success of surgery without infection. Antibiotics were used 
for more than 10 days in most patients in the surgical group. But this sort of 
irrational prolonged administration should be avoided. Now we just give 
the patients antibiotics intravenously twice before and after surgery. We 
feel that early extraction of the gastric tube and the catheter in 2 to 3 days, 
or even eliminating intubation, as well as early ambulation all help patients 
recover sooner. 

Long-term results of surgical treatment of our patients is comparable to 
that reported in the literature,6-8 even if the deaths from other causes are 
included in the postoperative deaths. As control, the follow-up of the non
surgical group showed a much lower five-year life expectancy than the sur
gical group did. But it still seems higher than that reported in the literature. 
Before surgical procedure of resection and prosthesis replacement for 
AAA was put into practice, Estes9 showed that the 5-year survival rate 
following diagnosis was only 18.9%. Clinical investigations after his study 
showed quite similar results. 10,l! It should be noted that the relatively high 
5-year life expectancy of our nonsurgical group may have to do with the 
loss of 9 patients from follow-up during the first year after admission. Some 
of them might have died from ruptured AAA, but their families didn't 
answer the questionnaires. This could make the mortality lower than the 
actual mortality rate. In contrast, significantly fewer were lost from post
operative follow-up in the surgical group (p < 0.05). As a result, the sur
gical group rupture rate is a better reflection of the truth, and the rupture 
rate would be even higher in the nonsurgical group than in that of the sur
gical group. This shows that, from the point of view of long-term results, 
surgical treatment for AAA is the better choice to avoid rupture of the 
aorta. 

There is no doubt that most vascular surgeons have accepted the princi
ple that AAA should be resected when its diameter is over 5 cm. 12 In fact, 
AAA with a diameter of 4 cm or less did rupture at the rate of 9.5% to 
20% per year.13- 15 This means that AAA with a diameter of 4 cm or less 
should not be excluded from surgery. In other words, even small, asymp
tomatic AAA should be operated on unless the concomitant diseases are 
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very serious. We did see a few small AAAs with very thin front walls rup
turing during surgery. No factor seems to predict the natural history for the 
individual patient.1o If these patients are not operated on for some reason 
when diagnosis of small AAA is made, regular follow-up with B-mode 
ultrasound or CT scan can be undertaken. 

By follow-up, 11 nonsurgical and 8 surgical patients died from ruptured 
aneurysms or false aneurysms. The term "rupture of the aorta" can cover 
both these pathological situations. Sixteen of these 19 patients lived in 
different provinces far away from Shanghai, with the farthest 3,000 km 
away. It was impossible to come to Shanghai by train or ambulance to 
undergo an emergency operation for ruptured AAA. In addition to poor 
transportation, the lack of vascular surgical service available in those areas 
where the patients lived is another hindrance to prompt treatment. Two 
cases of ruptured anastomotic false aneurysms did reach the hospital. Un
fortunately, no active surgical procedure was taken to save their lives be
cause of the presumed operative difficulties and risks. It seems important 
that we have trained vascular surgeons here, and that both doctors and 
patients' families adopt a more aggressive approach in electing surgery to 
save the lives of dying patients. 

Pure silk prostheses are exclusively used in China.16 Except for 2 opera
tive deaths, 8 patients who suddenly died from ruptured aorta had pure silk 
prostheses. There was no late aortic rupture in 24 cases with Dacron, 
blended silk and Dacron, Gel-seal Dacron, or PTFE. However, the results 
are not statistically comparable at the present time because half of the 
patients with material other than silk are still in the first year. Meanwhile, 

TABLE 15.7. Results of treatment of non-ruptured AAA. 

Operative Surgical5-yr Nonsurgical 
mortality survival 5-yr survival 

Authors Year % % % 

Estes [9] 1950 19 
Schatz [19] 1962 36 
DeBakey [6] 1964 9 58 
Levy [18] 1966 11-35 34 
Szilagyi [17] 1966 6.1-39.1 55.2 24.0 
Fielding [7] 1981 8.1 68.1 
Crawford [9] 1981 4.76 63 
Johnston [4] 1988 4.8 
Collin [3] 1989 1.2-4.2 
Cronenwett [12] 1990 35 
Johansson [20] 1990 7.5 70 40*,15*· 
Present data 2.78 77.51 41.28 

* diameter of AAA 5 cm 
** diameter of AAA 5 em 
all deaths are included 
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all 48 cases with pure silk are past 3 years postoperatively. In a retro
spective study, Sieswerda et al. found incidence of 2.6% and 12.3% of 
anastomotic aneurysms at the aorta and iliac artery, respectively, after 
aortoiliac or iliofemoral reconstruction. Szilagyi et al. 17 in an early 
series of surgical treatment of AAA, had 10 cases of "graft failure" in 434 
postoperative cases (2.3%). In a study of 100 operated cases of AAA, 
Levyl8 found 4 deaths from hemorrhage due to disruption of the anas
tomotic suture line. The incidence of anastomotic aneurysms, or "graft 
failure," in the present group is obviously higher than that reported in the 
literature. The higher incidence is likely to be related to the durability of 
pure silk. Pure silk aortic prostheses played an historic role in the develop
ment of vascular surgery in Zhongshan Hospital and in China. Now it 
needs to be reevaluated. 

As time goes on, both short- and long-term results of AAA resection are 
getting better (Table 15.7). We hope that our knowledge and technique 
will quickly catch up with the advances in other parts of the world. 
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Patency Improvement and 
N eointimal Inhibition of Vena Caval 
Dacron Prosthesis by Endothelial 
Cells Sodding in Canine 

GUANGDI LI, ZHONGGAO WANG, JIDONG Wu, WEI Du, 
JIAN Yu, DAJIE WANG, LIQUN Pu, and HAl ZHANG 

Thirty-seven infrarenal vena caval (lVC) and 10 carotid arterial knitted 
dacron grafts sodded with microendothelial cells (MECs) were investigated 
in canines. MECs were procured from omentum by enzymatic digestion 
through a special process of density gradient extraction with lymphocyte 
separation medium. A total of 1.32 ± 0.39 x 1()6 MECs/g of omentum was 
obtained. The grafts were sodded with MECs (a cell density of greater than 
105/cm2 surface of graft) by a preclotting technique. The control grafts re
ceived a sham sodding with only autogenous plasma. Three experimental 
groups were designed. 

In Group I (GI) animals, a 6 cm length of IVC was replaced by Dacron 
graft of the same dimension and an additional distal arterial-venous fistula 
(A VF) was created and functioned for one week. In Group II (GIl), a 4 cm 
length graft was inserted by the same method except without distal A VF 
supplementation. In Group III (GIll), bilateral carotid arteries were par
tially replaced with 6 cm length Dacron grafts. The grafts were explanted at 
7 days and 100 days in GI, at 7,14, and 60 days in GIl, and all at 7 days in 
GIll. All sodded grafts and 2 of 9 controls harvested at 100 days in GI were 
patent (p < 0.001). Four of 5 sodded grafts and none of 5 controls ex
planted at 60 days in GIl were patent (p < 0.05). In GIll, both the sodded 
and control grafts were patent. Light microscopy revealed that the thick
ness of neointima in the sodded GI grafts was significantly thinner than that 
in the control GI grafts (p < 0.001) and in the GIl grafts as well (p < 0.01). 
Scanning electron microscopy demonstrated that confluent endothelial 
cells appeared on the inner surface of the sodded implants beginning at 7 
days in GI and 14 days in GIL No MEC lining was detected in GIll grafts. 
The production of extrinsic arachidonic acid, 6-keto PGFralpha, metabo
lized by sodded cells in the 100-day-old grafts was much greater than that 
metabolized by cells of spontaneous endothelialization in the control 
(p < 0.001) and vice versa for the Thromboxane B2 (P < 0.02). It is con-
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cluded that MEC sodding significantly improves the patency rate and in
hibits neointimal thickening of the vena caval knitted Dacron prosthesis, 
presumably through a process of rapid endothelialization on the sodded 
grafts. A temporary distal A VF promotes the maturation process of the 
endothelial lining and contributes to the inhibition of neointimal hyperpla
sia of implants. Successful MEC sodding is revealed only in the venous 
system in this study. 

A significant limitation of the seeding technique in the venous system is 
the time necessary for seeded ECs to adhere and proliferate properly and 
eventually cover the entire graft surface. The high density seeding tech
nique, the sodding technique, was initiated in the hope of finding a strin
gent model for studying methods of venous grafting leading to better, more 
rapid endothelialization of the prosthesis. 

Key Words 
Inferior vena cava, endothelial cells, sodding, Dacron prosthesis, arachido
nic acid, thromboxane A2 (TXA2) and B2 (TXB2), prostaglandin (PGIz 
and PGF1). 

Introduction 

Previous studies have shown an increasing tendency in the patency rate of 
endothelial cell (EC) seeding in arterial grafts compared with EC nonseed
ing ones.1- 5 However, recent studies found that these results were not 
as favorable in the seeding grafts implanted in the venous circuit.6 ,7 The 
slow and erratic venous flow occurring in a thrombogenic conduit leads 
almost invariably to an undesirable early thrombosis in venous grafts. One 
significant limitation of the seeding technique used in the venous system is 
the time lag necessary for the seeded ECs to stick firmly, expand smoothly, 
proliferate properly, and eventually cover the entire graft surface. The 
high density seeding technique, i.e., to seed more than lOS ECs per cm2 of 
graft surface, or the so-called "sodding" technique, was initiated7- 9 in the 
hope of finding a better, more rapid endothelialization of the prosthesis. 

Our study has demonstrated that confluent endothelialization of the 
prosthesis could be achieved within 5 to 10 days after implantation into the 
IVC of dogs by sodding of microvascular endothelial cells (MECs) derived 
from omentum.lO More work needs to be done, however, to confirm the 
feasibility of this approach for clinical situations. This study was designed 
to evaluate the possibility of increasing patency and inhibiting neointimal 
hyperplasia of the venous prosthesis by the MEC sodding technique and to 
observe morphologically and functionally the newly-formed cell lining on 
the neointimal surface. 
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TABLE 16.1. Experimental design. 

II 

III 

Group approaches 

IVC implantation 
with distal A VF 

IVC implantation 
only 

Bilateral carotid 
implantation 

* Diameterllength. 
* * Sodding/control. 

Materials and Methods 

Graft dimension 
(cm)· 

1.0/6.0 ± 0.5 

1.0/4.0 ± 0.3 

0.4/6.0 ± 0.5 

7 

3/0 

3.0 

5/5 

Animal Subjects and Preoperative Care 

Explantation days·· 

14 60 100 

9/9 

3.0 5.5 

Forty-two adult male mongrel dogs weighing 17.5 kg to 23 kg were cared 
for in accordance with the guidelines of the "Principles of Laboratory 
Animal Care" and the "Guide for the Care and Use of Laboratory Ani
mals" (1983 revision of NIH publication No. 8023). Aspirin, 300 mg, and 
dipyridamole, 50 mg, were given once daily to all animals beginning three 
days preoperatively and continued for seven days postoperatively. 

Experimental Design 
The animals in this study were allocated to 3 groups (Table 16.1). 

Isolation of Microendothelial Cells 
MECs were isolated according to procedures we used previously. 5 The 
dogs were anesthetized with intraabdominal sodium pentobarbital (30 mg/ 
kg). The omental tissue was collected through an upper midline abdominal 
incision and rinsed in normal saline with heparin (0.1 mg/ml). Ten grams of 
omentum were cut into pieces about 2 mm x 2 mm x 2 mm, which were 
then placed into 10 ml of 2.4 mg/ml collagenase (Type 1, Sigma Chemical 
Co., St. Louis, MO, USA) in calcium- and magnesium-free Hanks bal
anced saline solution (HBSS-CMF) and incubated in a 37°C water bath 
with intermittent gentle agitation for 35 minutes. The specimen was then 
centrifuged at 1000 g for 5 minutes at 22°C to remove adipocytes. The 
pellet was resuspended in HBSS-CMF at 22°C and filtrated successively 
through a nylon mesh of 500 microns pore size and a stainless steel mesh of 
54 microns pore size so as to remove undigested tissue debris. The filtrated 
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fluid was layered into a centrifugation tube on top of the centrifugation 
solution with a specific density of 1.065, which was made by mixing a poly
sucrose lymphocyte separation medium, a density of 1.077 ± 0.002, (Shan
ghai Second Reagent Factory, Shanghai, China) with HBSS-CMF in a 1 to 
0.2 volume ratio. After centrifugation at 200 g for 5 minutes at 22°C, a 
milky-white cellular layer was formed at the top of the separation medium, 
and it was then aspirated and washed in the HBSS-CMF and centrifuged at 
200 g for 5 minutes. The collected cells were resuspended in 2 ml auto
logous plasma made from 3.8% sodium citrate anticoagulated whole blood 
(1: 9) after centrifugation at 500 g for 10 minutes. 

Graft Sodding 
A modified four-staged preclot method was used before implantation. l1 

Twice the graft was preclotted with a mixture of 0.4 ml of autologous plas
ma and 0.05 ml of 2.5% calcium chloride from the external wall of graft. 
Then 0.6 ml of the EC suspension in plasma, mixed with 2.5% calcium 
chloride solution, was instilled into the graft's luminal surface, which was 
constantly rotated and intermittently stretched. Twice the same process 
was repeated with another 0.6 ml aliquot of EC suspension in plasma. The 
control graft was treated in an identical fashion except no ECs were em
ployed. The Meadox knitted double-velour Microvel prosthesis was the 
only graft material used in this study. 

Operative Procedure 
In the venous groups (GI, GIl), the IVC was isolated from the renal vein 
level to its bifurcation. Following systemic heparinization intravenously 
(1 mglkg), a segment of 6 cm (GI) or 4 cm (GIl) of IVC was resected and 
replaced with an equal dimension Dacron prosthesis. The proximal and 
distal anastomoses were completed with continuous 6-0 Prolene everting 
sutures in an end-to-end manner. An additional 1 cm length side-to-side 
femoral A VF was then constructed in the right thigh and closed 7 days 
following surgery in GI animals. 

In the arterial group (GIll), through a midline cervical incision, both 
carotid arteries were exposed; 6 cm length segments were resected and 
replaced by similar length Dacron prostheses, of which the left grafts were 
sodded with MECs and the opposite ones were only clotted with auto
logous plasma. 

Postoperative Observation and Explanation 
All animals in the IVC groups were examined by B-Mode ultrasonography 
for collaterals on the abdominal wall to evaluate the patency of the pros
theses. When occlusion of the graft was suspected from the ultrasonog-
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raphy or at the scheduled explantation time, the dogs were sacrificed and 
the grafts, together with 3 cm length adjacent IVC segments, were re
moved in Groups I and II. 

Evaluation of Specimens 
Immediately following their removal, the grafts were flushed with normal 
saline, opened longitudinally, and photographed. Neointimal samples 
were taken from the midportions of the prostheses and fixed in 2.5% buf
fered glutaraldehyde for 2 hours or longer. "After fixation in 1 % aqueous 
osmium tetroxide, the tissue samples were dehydrated in graded ethanol 
and then flatly embedded in the epoxy resin (Epon 812) routinely. Sections 
2 microns thick were prepared and stained with hematoxylin-eosin for light 
microscopic evaluation. The thickness of neointima was measured mor
phometrically. The best-oriented blocks were further trimmed for ultrathin 
sections. These sections were doubly stained with uranyl acetate and lead 
citrate for transmission electron microscopic examination. Other speci
mens prepared by the same graded dehydration process in acetone were 
dried at the critical point and were then coated with a gold-palladium 
target for scanning electron microscopic investigation. 

Fluorescence Microscopic Examination 
The cells collected from 0.2 ml harvested suspension were resuspended in 
Medium 199 (Life Technologies Inc., Grand Island, NY, USA) with 20% 
fetal calf serum and incubated at an atmosphere of 37°C at 95% air humid
ity and 5% carbon dioxide for 24 hours. The cells were then examined by 
phase contrast light microscopy. Cultured cells of a 4 mm2 area of the 
neointima, taken from each patent midgraft, were fixed with 0.12 Mol 
polyformaldehyde for 24 hours. Frozen sections 5 microns thick were made 
from each graft sample. The thawed sections and the cultured cell speci
mens were reacted with indirect immunofluorescence staining for Factor 
VIII-related antigen as described by Watkins et aI.12 

Radioimmunoassay 
Segments larger than 1 cm2, taken from the middle part of patent grafts 
together with the distal parts of the IVC in GI animals, were placed in two 
specially designed chambers. The chamber surface fixed an incubating vial 
composed of a metal cylinder and a base connected to each other with a 
screw device. The vial, which contained exactly 1 cm2 of surface, was de
signed and made in our laboratory for use in measuring arachidonic acid 
metabolites. The samples were placed between the metal cylinder and the 
base while the screw device was loosened. The samples were then stretched 
on the original surface by traction from different directions to flatten them, 
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while the screw device was fully tightened to a water-seal, forming real 
vials. After the vials were rinsed with Hanks Solution three times, one ml 
of Medium 199 containing 20 micron Mol of arachidonic acid (Sigma Chem
ical Co., St. Louis, USA) was added to the chambers, which were then 
placed in the cell culture incubator at 37°C for 20 minutes. The medium 
was repeatedly bubbled and then collected into ampullae that were stored 
in liquid nitrogen. Metabolites of PGIz and TXAz, 6 Keto-PGF1 Alpha, 
and TXBz were assayed by a tritiated radioimmunoassay technique.13 

Results 

Cell Harvesting 
An average harvesting of MECs was 1.32 ± 0.39 x 106/g of omentum. The 
MEC seeding density was 7.0 ± 2.1 x 105/cmZ of the graft surface, 
10.5 ± 2.5 x lOS/cmz, and 17.5 ± 2.5 x lOS/cmz in Groups I, II, and III, re
spectively. Thus the density of all grafts was greater than 105 cells/cmz, in 
accordance with the criteria of sodding. The trypan blue stain showed a 
viability of more than 90% of harvested cells. 

Gross Observation of the Implanted grafts 
All the prostheses harvested within 2 weeks of implantation remained pa
tent except one in 3GII at 14 days, which was occluded because of neoin
timal hyperplasia at the proximal anastomosis. The luminal surfaces of the 
grafts were covered with a layer of smooth, white, semitransparent neointi
rna without clot formation. Neointimal thickness of the sodded grafts in GI 
was thinner than that of GIl grafts. All the grafts in GIll remained patent 
at 7 days. Their surfaces were lined with thrombus or fibrin coagulum, and 
there was no visible difference between the sodded and unsodded grafts. 
The patency rates of the late harvested grafts at 60 and 100 days following 
implantation are shown in Table 16.2. The neointimal surface of the late 
patent sodded grafts appeared comparable to ones seen in the early stage 
(Fig. 16.1). The two patent control grafts in GI formed a thicker neointima 
than the sodded grafts. Prostheses in both groups, in which an occlusion 

TABLE 16.2. Graft patency. 

Group 

I 
II 

III 

Days of implantation 

100 
60 
7 

Sodded* 

9/9 
4/5 
5/5 

*No. of patent grafts/no. of experimental grafts 

Unsodded* 

2/9 
0/5 
5/5 

p 

<0.001 
<0.05 

NS 
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FIGURE 16.1. Gross photograph of sodded graft removed 100 days after implanta
tion showing an intact, smooth, glistening and semitransparent layer of neointima 
without evidence of gross thrombus. 

was suggested by B-Mode ultrasonography, were confirmed to be throm
bosed. 

The results of immunoassay study are listed in Table 16.3 and Fig. 16.2. 
Light microscopy revealed that an intact neointima was established in all 

the patent venous grafts, and the inner lining of grafts was composed of a 
continuous monolayer of fiat cells. The subendothelial layer consisted of 
amorphous material and some unidentified cells. Predominant vasa vasor
urns were seen in the subendothelial layer in two patent control grafts in 
G1 and four patent sodded grafts in GIl. The neointimal thickness of G1 
sodded grafts was markedly thinner than G1 control grafts (p < 0.001) and 
GIl sodded grafts (p < 0.01) as listed in Table 16.4. 

TABLE 16.3. Metabolites of extrinsic arachidonic acid in GI grafts. 

Samples 

Sodded 
(graft/vein) 

Control 
(graft/vein) 

* Unit: cpm 

No. 

1 
2 
3 
4 
5 
6 
7 

1 
2 

6-Keto-PGF\Alpha* 

4745/12825 
298017125 
2310/4950 

976/5380 
810/5455 

1385/5725 
2215/5160 

465117490 
300111650 

% TXB2* 

37.0 1740/3965 
41.6 1024/2970 
47.1 82111120 
18.1 1510/2120 
14.8 1980/2813 
24.2 1900/2900 
42 .9 1270/2640 

2.7 4638/5662 
2.6 2972/3020 

% 

43.7 
34.4 
73.3 
71.3 
70.0 
65.5 
48.1 

81.9 
98.4 
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P< O.ool P< 0.02 

FIGURE 16.2. Histogram showing metabolites of the arachidonic acid produced by 
newly formed endothelial layers expressed with a ratio of graft to vein in 01 at 100 
days. 

Histoimmunological fluorescent study demonstrated that a specific 
fluorescent staining for human Factor VIII-related antigen appeared in the 
harvested cells after 24-hour culture and also in the lining of neointima of 
sodded venous grafts, but did not appear in the arterial grafts. 

Scanning electron microscopy showed a complete endothelialization 
seen on the sodded midgraft surface in GI, both at 7 and 100 days (Fig. 
16.3). The endothelial cells were slender, shuttle-shaped, and aligned par
allel to the direction of the blood flow. The cell axial ratio , longitudinal to 
transverse, was about 8 to 1. The cells were closely confluent. Two patent 
control grafts of 100 days in GI were also well-endothelialized , with their 
cells polygonal or shorter shuttle-like. The cellular axial ratio was about 3 
to 1 (Fig. 16.4). The inner surface of the GIl sodded grafts procured at 7 

TABLE 16.4. Intimal thickness (micron) . 

Group I Group II 

Sodded Control Sodded 

Explant day 7 100 100 7 14 60 
No. 3 9 2 3 3 4 
Mean 229.3 302 783 .1 1228.6 1832.7 1908.3 
±SD 35.4 106.1 84.2 394.2 352.8 459.6 



FIGURE 16.3. SEM demonstrating slender shuttle-shaped ECs closely aligned and 
well polarized in a GI sodded graft at 100 days. (Original magnification x1000.) 

FIGURE 16.4. SEM demonstrating short shuttle-like and polygonal ECs with dis
orderly alignment and poorly polarized in a GI control patent graft at 100 days. 
(Original magnification XlOOO.) 

186 
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FIGURE 16.5. SEM showing irregular and star-shaped cells unevenly aligned with 
deposition of some platelets and other blood components. (Original magnification 
x 800. ) 

days consisted of star-shaped and other irregular cells that were dis
ordered, uneven, and poorly aligned, with a covering of some platelets and 
occasional other blood components (Fig. 16.5). Surface cells of patent 
grafts harvested at 14 and 60 days were shorter, shuttle-like cells with a 
better alignment parallel to the blood flow. The ratio between the two axes 
was also about 3 to 1, and under high magnification, microvilli could be 
seen (Fig. 16.6). In GIll, the inner capsule was composed only of an accu
mulation of fibrin and blood components in both sodded and control grafts. 
Typical endothelial cells were scarcely identified on the sodded grafts. 

Transmission electron microscopy revealed that the luminal lining cells 
had morphologic characteristics of endothelial phenotype: microvilli on the 
cell surface and pinocytes in the plasma as we found before.l° 

Discussion 

Since porous prostheses were used as vascular substitutes in the 1950s, 
modern vascular surgery has been established. After the passive conduits 
are implanted and healed in vivo, they have a certain biocompatibility 
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FIGURE 16~6. SEM showing short shuttle-shaped Ees with visualization of micro
villi in GIl grafts at 60 days. (Original magnification x3000.) 

while protein deposits and fibroblasts migrate into the lumen of the grafts. 
The patency rate is acceptable in the large caliber and high-blood-flow cir
cumstances. Nevertheless, the intrinsic thrombogenicity is one of the 
major factors limiting their application in venous and small arterial vessels 
because of the low velocity and blood flow. The only reasonable solution 
for this problem seems to be to seed the graft inner surfaces effectively with 
endothelial cells, although some investigators have tried other alternatives, 
such as linking heparin, warfarin, activated charcoal, and even artificial 
membrane on the grafts so as to enhance the prosthetic antithrombo
genicity.14-16 

After Herring successfully seeded ECs on small arterial grafts, this 
approach has succeeded in improving patency of small arterial prostheses 
in vivo.17 However, there has been little research on the improvement of 
venous graft patency by this technique.6,7,18,19 

Haimovici emphasized that the period of 1 to 2 weeks following graft 
implantation was the critical period in realizing a long-term patency of 
venous grafts. IS It was reported that the time necessary for ECs to cover 
80% of the graft surface when the EC seeding technique was used was 12 
weeks for the IVC.7 Preventing venous graft occlusion during that period is 
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of paramount importance. We used the high density seeding method, the 
sodding technique, to promote the endothelialization process. Our results 
showed that the sodded ECs could cover 100% of the luminal surface of 
grafts in 1 to 2 weeks in both of our IVC experimental groups. Further
more, the patency of sodded venous grafts was significantly improved 
at 100 days and 60 days in GI and GIl respectively. This demonstrated 
that endothelialization can be accomplished much earlier than 12 weeks, 
and the critical postimplantation period described by Haimovici can be 
shortened and long-term patency reached by our method. Therefore, it is 
obvious that early endothelialization may markedly contribute to long
term patency of venous grafts. 

The morphological and functional characteristics of endothelialization of 
the sodded graft in our study were not completely identical between GI 
and GIl. The different shear stress exerted on different grafts of both 
groups might explain the variation. Ives and Eskin studied the results of 
shear stress on ECs in vitro and found that the stress was strongly related to 
the morphology of ECS.20,21 Our results from in vivo studies match theirs. 
The sodded ECs on the venous grafts appear to have adaptively morpho
logic variations under the action of different shear stress in the period of 
time after sodding. Changes of ECs in GI were more distinct in cellular 
morphology, confluence, and orientation than those in GIl. In GI grafts, 
the augmented blood flow by distal A VF might contribute to the flattening, 
maturation, and alignment in the direction of blood flow of the sodded 
ECs. We found that some platelets aggregated on the ECs at 7 days only in 
GIl, while scarcely any platelets were deposited by that time in GI grafts. 
This finding might be connected to an insufficiently antithrombotic func
tion of the sodded ECs in GIl grafts. 

Light microscopy revealed that the difference in the thickness of neointi
rna between the sodded venous groups was significant. The neointima of 
GIl was much thicker than that of GI. We considered that the greater 
hyperplastic intimal response to the prosthetic grafts of GIl was related to 
greater platelet aggregation and lesser maturity of ECs. Platelets produce 
platelet-derived growth factor (PDGF) through which the growth of ECs, 
especially the smooth muscle cells, can be accelerated.22 The irregularly 
growing endothelial cells seen at 7 days in the GIl grafts were much less 
able to inhibit proliferation of smooth muscle cells when compared to the 
confluent endothelial cells. This finding was based on Castellot's in vitro 
study.23 In addition, we now appreciate that the ECs themselves can se
crete material that stimulates proliferation of both smooth muscle cells and 
fibroblasts. 24,25 It is therefore possible that the earlier the confluent mono
layer of ECs is formed, the thinner the neointima of venous grafts will be. 
The neointima on the control grafts was also significantly thicker than that 
of sodded grafts in GI. It is then probable that spontaneous endothelializa
tion of the control grafts formed later than the endothelialization derived 
from sodded ECs. We demonstrated that PGIz production of the luminal 
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surface of sodded grafts is significantly greater than that of the control 
grafts and vice versa for the TXB2 at the 100th day following implantation. 
Although electron microscopic study showed different morphologic char
acteristics of ECs between experimental and control grafts, it is not known 
whether these differences reflect truly different cell origin or different 
neointimal environment in cellular composition and thickness of the sub en
dotheliallayer. Actually, our data showed that the amount of PGIz gener
ated by ECs on the neointima of both sodded and control grafts was much 
lower than that of host veins. The different growth environment of the ECs 
may affect the production and degradation of PGI2 • 

In our study, we expected to realize an early endothelialization, both on 
the venous and small arterial prosthetic grafts. However, in contrast to the 
results in the venous groups, the ECs were rarely found on the sodded 
small arterial grafts at the 7th day. Our results coincided with Herring's 
study, which also showed typical ECs were scarcely found in the seeded 
abdominal aortic Dacron grafts within 10 days of implantation.26 This 
might be associated with high velocity arterial blood flow that denuded 
wall-adhered sodded ECs from the graft surface.27 

We assume that the balance between the fibrin deposit and fibrinolysis 
on the graft surface is very likely to influence the sodded ECs to be 
attached and denuded in vivo after implantation. Considering this factor, 
we employed a clotting method to sod ECs that were only confined on the 
graft surface by fibrin mesh. After implantation, the balance tends to fibrin 
deposit that stabilizes the EC adhesion process while fibrinolysis, on the 
other hand, may cause a loss of ECs. However, as the EC function grad
ually recovers, the ECs not only obtain a certain ability to attach to the 
prosthesis wall, but they also promote dissolution of blood clots and plas
minogen activator.28 When the balance turns to the opposite, ECs then 
emerge to the prosthesis surface. Whereas the higher arterial blood pres
sure and flow rate favors inhibition of coagulation, the ECs are then more 
easily denuded by higher shear stress exerted on the arterial prosthesis 
inner surface. 

The maturity process of sodded ECs is somewhat like the hypothesis of 
"seed and soil" in the concept of aplastic anemia. If the microenvironment 
composed of bony trabeculae is destroyed, the proliferation of stem cells 
will be limited. Evidently, the sodding technique applied to the venous 
prosthesis is much more likely to switch the microenvironment balance to 
the direction of ECs linking to the vascular surface than when the tech
nique is applied to the arterial prosthesis. 

Conclusions 

1. Sodding technique with omentally derived MECs significantly improves 
the patency rate and the inhibition of neointimal thickening of the 
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venous prosthesis, presumably through a process of early endothe
lialization. 

2. Early endothelialization can be accelerated in a proper hemodynamic 
condition by creation of an A VF distal to the sodded implanted pros
thesis for one week. 

3. The amount of PGI2 yielded from cells of sodded graft is much greater 
than that from spontaneous cells. 

4. Sodding technique is more favorably applied in venous prostheses than 
in arterial ones. 

5. The MEC sodding technique improves the performance of venous 
vascular prostheses. 
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17 
Protective Effects of Intrathecal 
Lidocaine Administration on 
Ischemic Injury of the Spinal Cord 

ERIYA OKUDA, HIROSHI YOSHIZU, NOBUO HATORI, 
YOSHIYUKI RAGA, Yozo URIUDA, MASAFUMI SHIMIZU, 
ATSUHlRO MITSUMARU, and SUSUMU TANAKA 

Summary 

The protective effects of intrathecal lidocaine administration on ex
perimental ischemic spinal cord injury following aortic cross-clamping 
(AXC) were studied. Twelve mongrel dogs were divided into two groups, 
six animals in an intrathecally saline-administered group (control group) 
and the other six in an intrathecally lidocaine-administered group (lido
caine group). The dose of lidocaine administration was determined by the 
change of somatosensory-evoked potential traces generated by brachial 
nerve stimulation. Following administration of the agents, all dogs under
went cross-clamping of the thoracic aorta and the left subclavian artery for 
60 minutes. Mean proximal aortic pressure during AXe remained in a 
similar range to baseline pressure until 40 minutes after AXe in the lido
caine group, while it increased significantly in the control group. The ratio 
of mean distal aortic pressure to mean proximal aortic pressure during 
AXe (DIP), which was calculated for estimation of collateral blood flow 
changes, gradually increased in the lidocaine group, but did not change in 
the control group. Four of six dogs had spastic paraplegia in the control 
group, but none in the lidocaine group (p < 0.05). Histological examina
tion revealed that extensive infarction of the gray matter was noticed in the 
control group, but changes in the lidocaine group were only slight. From 
these results, it was concluded that intrathecal lidocaine administration 
controlled proximal hypertension effectively, increased DIP during AXe, 
and diminished neurological damages following AXe. 

Introduction 

Ischemic injury of the spinal cord resulting in paraplegia is a catastrophic 
complication following surgery on the descending thoracic and thoraco
abdominal aorta. Although it has been reportedl - 3 that spinal cord injury 
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increases when aortic cross-clamping (AXC) time exceeds 30 minutes, no 
precise mechanism has been identified to explain the generation of para
plegia after AXC. Therefore, no technique has yet been proposed as an 
absolute preventive method for this devastating complication. 

Many anesthetics are known to decrease metabolism of the central 
nervous system.4 Intravenous5 and intrathecal6 lidocaine administration 
have been demonstrated to have favorable effects on experimental spinal 
cord injury generated by inflation of the epidural balloon. Astrup and 
colleagues7- 10 reported that lidocaine has certain effects on cerebral meta
bolism similar to those induced by hypothermia. In addition to its anti
arrhythmic effect, lidocaine may protect the myocardium from ischemic 
and reperfusion injury.11-14 Lesnefsky and colleagues15 proved that lido
caine reduces lipid peroxidation product (conjugated dienes) in the 
myocardium during early reperfusion in experimental models by its 
membrane-stabilizing effects. Reperfusion injury was considered to be an 
important factor in paraplegia following AXC.16,17 Consequently, the inci
dence of paraplegia following AXC can be expected to decrease by these 
effects of lidocaine. Although the primary site of action of spinal anesthesia 
was believed to be the spinal roots, Cohen18 proved that a considerable 
concentration of lidocaine is found in the gray matter after intrathecal 
administration. 

This experimental study was designed to investigate the protective 
effects of intrathecal lidocaine administration on ischemic spinal cord 
injury. 

Methods 

Twelve mongrel dogs weighing 12 to 19 kg were divided into two groups. 
Normal saline was administered intrathecally to six animals (control 
group), and lidocaine was administered in the same way to the other six 
(lidocaine group). 

The animals were anesthetized with an intravenous injection of pento
barbital sodium (25 mg/kg), following an intramuscular injection of Keta
mine HCI (5 mg/kg), and were intubated and placed on a Harvard ven
tilator using room air with 5 cm H20 of positive end-expiratory pressure. 
Muscle relaxation was achieved using pancuronium bromide (0.1 mg/kg) 
at appropriate intervals to control ventilation and muscular artifacts in 
the somatosensory-evoked potential (SEP) traces. 

Approximately 1000 ml of nondextrose lactate Ringer solution was in
fused intravenously during the procedure. 

Pressure-monitoring catheters were inserted into the right brachial 
artery and the femoral artery for monitoring proximal and distal aortic 
pressures, respectively. 

After a small laminectomy at L-1, a 22-gauge catheter was inserted into 
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FIGURE 17.1. Schematic representation of the experimental model. 

the subarachnoid space under direct vision by puncturing the dura for 
pressure monitoring and administration of normal saline or lidocaine. 

The descending thoracic aorta and the left subclavian artery were ex
posed through a left thoracotomy in the fourth intercostal space. 

In the control group, 0.9% normal saline (3.5 ml) at 37°C was adminis
tered intrathecally. At 15 minutes after saline administration, the descend
ing thoracic aorta at the origin of the left subclavian artery and the left 
subclavian artery were cross-clamped (Fig. 17.1). In the lidocaine group, 
3% lidocaine HCI (3.5 ml) at 37°C was administered intrathecally, and SEP 
traces generated by stimulation of the brachial nerve were monitored to 
evaluate the diffusion of spinal anesthesia. If loss of SEP was noted within 
15 minutes, AXC was performed 15 minutes after lidocaine administra
tion. If SEP traces showed no change, another dose of lidocaine HCI (3 .5 
ml) was administered 15 minutes after the initial injection, and AXC was 
performed 5 minutes later. 

All animals were subjected to a 60-minute period of AXC. 
Physiological studies were as follows: The electrocardiogram (ECG) was 

continuously monitored. Mean proximal aortic pressure and cerebrospinal 
fluid pressure (CSFP) were measured immediately prior to the intrathecal 
injection (baseline pressure); 5 and 10 minutes after intrathecal injection; 
immediately prior to AXC (preocclusion pressure); 5, 10, 20, 30, 40, 50, 
and 60 minutes after AXC; and 5, 10, 20, and 30 minutes following re
perfusion. Spinal cord perfusion pressure (SCPP) was defined as the differ
ence between arterial pressure and CSFP and was calculated by subtracting 
CSFP from the mean distal aortic pressure. The mean distal aortic pressure 
and SCPP were assessed during AXe. 
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Distal aortic pressure during AXC is considered to be regulated essen
tially by proximal aortic pressure. Therefore, the ratio of mean distal aortic 
pressure to mean proximal aortic pressure (DIP) was calculated for estima
tion of collateral blood flow change during AXC. 

SEP traces were generated with an evoked potential system (Neuropack 
II plus, Nihon Kohden, Japan) by electrical stimulation of the left posterior 
tibial nerve in all animals. In addition, the left brachial nerve was stimu
lated in the lidocaine group. Responses were recorded from midline scalp 
electrodes at the nasion and at a point 55% of the distance from the nasion 
to the inion. A grounding electrode was placed in the right ear. Repetitive 
stimuli (n = 256) using a 200 V square-wave stimulus of 0.2 msec duration 
at a frequency of 2 Hz with a 2 Hz LoPass and a 1 kHz HiPass filter evoked 
improved SEP traces. 

Blood was collected from the femoral artery prior to AXC, immediately 
prior to reperfusion, and 60 minutes after reperfusion. Then arterial blood 
gases, electrolytes (Na, K, Ca), lactic acid, and pyruvic acid were mea
sured. 

Rectal temperature during AXC was recorded. 
Neurological assessment of hind limb paralysis was performed 48 hours 

after the operation. 
Animals were sacrificed for histological examinations from 2 to 20 days 

after the operation. Then the spinal cord was removed and divided into 
three segments. The nonischemic part of the upper thoracic segment was 
evaluated as a control to determine ischemic damage to the lower thoracic 
and midlumbar segments. 

All experimental animals received humane care and treatment in com
pliance with the "Guide for the Care and Use of Laboratory Animals," 
published by the National Institute of Health (NIH Publication No. 85-23, 
1985). 

All values are reported as mean ± the standard deviation. The data were 
analyzed with repeated-measures analysis of variance with a Student
Newman-Keuls multiple comparison test and, where appropriate, Stu
dent's t test. Fisher's exact test was used to compare the rates of para
plegia. Probability values of 0.05 or less were required for assumption of 
statistical significance. 

Results 

Neurological Findings 

At 48 hours, four of six dogs in the control group had spastic paraplegia of 
the hind limbs. The remaining two dogs could stand and walk with no 
impairment. In contrast no dogs in the lidocaine group had spastic paraple-
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FIGURE 17.2. Plots of mean proximal aortic pressure during the experimental pro
tocol. Mean proximal aortic pressure during aortic cross-clamping (AXC) in the 
lidocaine group was as high as the baseline (B) pressure until 40 min after AXe 
because of the initial drop induced by intrathecal lidocaine administration. (0 , con
trol group; ., lidocaine group; !, intrathecal administration; *, p<0.05, **, 
p < 0.01 control group vs. lidocaine group; t, p < 0.05 vs. Band preocculusion (P) 
pressure in control group; §, p < 0.05 vs. B pressure in lidocaine group; :j:, p < 0.05 
vs P pressure in lidocaine group) 

gia. One of six dogs showed good movement of the joints of the hind limbs 
but was unable to stand. The other five dogs could walk and run. Animals 
in the lidocaine group showed a significant difference in neurological out
come. Thus, intrathecal lidocaine administration was regarded to cause a 
significant reduction in the incidence of spastic paraplegia at 48 hours after 
the operation (p < 0.05, Fisher's exact test) . 

Mean Proximal Aortic Pressure 
In the control group, mean proximal aortic pressure (Fig . 17.2) was on the 
same level with baseline pressure after saline administration. Therefore, 
mean proximal aortic pressure during AXe increased significantly over 
baseline pressure and preocclusion pressure. Following lidocaine adminis
tration, mean proximal aortic pressure dropped significantly from 136 ± 13 
mmHg to 92 ± 12 mmHg in the lidocaine group. Therefore, mean proximal 
aortic pressure during AXe was as high as baseline pressure until 40 mi
nutes after AXe, while it increased significantly over preocclusion pressure 
(102 ± 4 mmHg) during AXe. The comparison of mean proximal aortic 
pressure between the two groups revealed significant differences in the 
duration from intrathecal administration to 40 minutes after AXe. 
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FIGURE 17.3A. Plots of cerebrospinal fluid pressure CCSFP) and mean distal aortic 
pressures in the control group. CSFP increased significantly above the B pressure 
after intrathecal saline administration. The change of mean distal aortic pressures 
during AXC was not statistically significant. Co, mean distal aortic pressure; D., 
cerebrospinal fluid pressure; t, p < 0.05 vs. B pressure) 

B 

mmHg 
30 

20 

! ! 
! t r r 1 I 

FIGURE 17.3B. Plots of cerebrospinal fluid and mean distal aortic pressure in the 
lidocaine group. CSFP increased significantly above the B pressure after intrathecal 
lidocaine administration, but it decreased gradually during AXe. Mean distal 
aortic pressure at times after 20 min were significantly higher than that after 5 min. 
Ce, mean distal aortic pressure; .. , cerebrospinal fluid pressure; §, p<0.05 vs. B 
pressure; t, p < 0.05 vs. 5 min ofAXC) 
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Mean Distal Aortic Pressure During AXe 
Mean distal aortic pressure was on the same level during AXC (Fig. 
17.3A,17.3B) in the control group. It increased gradually in the lidocaine 
group, and the pressure at times after 20 minutes was significantly higher 
than that after 5 minutes. However, no difference was noticed in the com
parison of the two groups. 

Ratio of Mean Distal Aortic Pressure to Mean Proximal 
Aortic Pressure During AXe (DIP) 
The DIP (Fig. 17.4) at 5 minutes after AXC was on the same level between 
the two groups. As time passed, the DIP increased significantly in the lido
caine group but did not change in the control group. The difference be
tween the two groups was not of statistical significance. The relationship 
between the time and the mean of DIP appeared nonlinear. Thus the log
arithmic transformation was performed to achieve linearity (Fig. 17 .5). 
Then after linear regression analysis , a significant difference was noticed 
in the comparison of the two regression parameters (0.05 ± 0.02 versus 
0.13 ± 0.02). 

eSFP 
CSFP (Figs. 17.3A, 3B) increased significantly over baseline pressure after 
the intrathecal injection in each group. Therefore, rises after AXC and 
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FIGURE 17.4. Plots of the ratio of mean distal aortic pressure to mean proximal 
aortic pressure (DIP) during AXe. The change of the DIP in the lidocaine group 
was significant, but not in the control group. (0, control group; ., lidocaine group; 
*, p < 0.05 vs. 5 min of AXe in lidocaine group) 
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FIGURE 17.5. Plots of linear regression analysis after logarithmic transformation. 
The regression line in the control group is expressed as a broken line.: Log(DI 
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p < 0.01. A significant difference was noticed in the comparison of the two regres
sion parameters (p < 0.05). (0, control group; ., lidocaine group) 
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FIGURE 17.6. Plots of spinal cord perfusion pressure (SCPP) during AXe. SCPP at 
times after 20 min were significantly higher than that after 5 min in the lidocaine 
group. (0, control group; ., lidocaine group; * p < 0.05 vs. 5 min ofAXC in lido
caine group) 
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drops after reperfusion were not statistically significant. No significant dif
ference was detected in the comparison of the two groups. 

SCPP During AXC 
SCPP during AXC (Fig. 17.6) increased gradually in the lidocaine group 
but not in the control group. The difference between the two groups was 
not of statistical significance. 

ECG 
All animals displayed normal sinus rhythm before AXC. No arrhythmia 
was observed after AXC in the lidocaine group. In contrast, ventricular 
arrhythmias were seen in five of six dogs following AXC in the control 
group. Three dogs had multifocal ventricular ectopies, and two had bige
miny. These ventricular ectopic beats appeared 10 or 15 minutes after 
AXC, then disappeared in the late phases of AXC. 

SEP 
In three of six dogs in the lidocaine group, SEP traces generated by 
brachial nerve stimulation disappeared within 15 minutes after lidocaine 
administration. In the remaining three dogs, loss of SEP was noted after 
the additional lidocaine administration. The amplitude in SEP traces 
recovered during AXC in all animals. SEP traces generated by stimu
lation of the posterior tibial nerve disappeared quickly after the initial 
lidocaine administration and did not recover during the operation in the 
lidocaine group. In the control group, SEP did not change after saline 
administration. In five of six dogs in the control group, SEP traces dis
appeared after AXC, but in one of these five dogs SEP traces recovered 
after reperfusion. Another dog in the control group showed no change of 
SEP traces during the procedure. 

Administration Volume of Normal Saline and Lidocaine 
In the control group, 3.5 ml of saline was administered intrathecally to all 
animals. In the lidocaine group, 3.5 ml of 3% lidocaine was administered 
initially to all animals, and the same dose was injected additionally in three 
of six dogs. Therefore, the average dose of 3% lidocaine was 5.25 ml, that 
is, 158 mg. This was equivalent to 10.3 mg per kg of weight. 

Blood 
No significant changes were observed in blood gases (PH, PC02, P02, 
HC03 , B.E., and 02SAT) and electrolytes (Na, K, and Ca) (Table 17.1, 
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FIGURE 17.7. Plots of the ratio of lactic acid to pyruvic acid (LIP). The LIP prior to 
reperfusion was significantly higher than that prior to AXe and that 60 min after 
reperfusion in control group. (0, control group; ., lidocaine group) 

and Fig. 17.7). The changes of the ratio of lactic acid to pyruvic acid (LIP) 
were not significant between the two groups or within the lidocaine group. 
In the control group, however, LIP prior to reperfusion was significantly 
higher than that prior to AXC and that 60 minutes after reperfusion. 

Rectal Temperature 
The lowest temperature in the rectum during AXC was 35.2 ± OSC in the 
control group and 34.9 ± 0.7°C in the lidocaine group, where no significant 
difference was seen. 

Histological Findings 
The upper thoracic segments for nonischemic parts were normal in all 
animals. The lower thoracic or midlumbar segment in the control group 
demonstrated extensive infarction in the gray matter. In contrast, the cor
responding segment in the lidocaine group showed limited neutrophil in
filtration and edema ofaxons and nerve cells. Therefore, the histological 
changes (Figs. 17.8A, 17.8B) in the lidocaine group were considered to be 
reversible ischemic injuries. 

Discussion 

Symbas and colleagues19 reported that plasma epinephrine and norep
inephrine markedly increased in an animal group with simple AXC. Prox-
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FIGURE 17.8A. Microscopic section of midlumbar segment of the spinal cord taken 
from a paraplegic dog in the control group at 4 days after the operation. The exten
sive infarction in the gray matter was demonstrated. 

FIGURE 17.8B. Corresponding region in the lidocaine group. Changes in the gray 
matter were only slight in contrast to those in the control group. 
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imal aortic pressure in the control group of this study elevated gradually 
during the early phase of AXe. The rise of proximal aortic pressure stop
ped about 20 minutes after AXe. The ventricular ectopic beats appeared 
correspondingly in the control group. These phenomena may be caused by 
the release of catecholamines. However, the plasma level of catecho
lamines in patients with high spinal anesthesia was reported to be lower 
than that with inhalation anesthesia during operations and recovery. 20 

In addition, degree of suppression of plasma epinephrine excretion 
correlated with the blocked level of adrenal medulla innervation under 
spinal anesthesia. High spinal anesthesia reduces plasma catecholamines 
because it interrupts the conduction of afferent nerves from surgical 
stresses and of efferent nerves from the upper central nervous system. 
As vasoconstrictive action of catecholamine is obviously harmful to ische
mic organs, high spinal anesthesia is beneficial for ischemic organs during 
AXe. 

According to a retrospective analysis of 596 traumatic ruptures of the 
thoracic aorta, mortality rates associated with bypass procedure, tempo
rary shunting and simple cross-clamping were 16.7%, 11.4% and 5.8%, 
respectively, while incidence of paraplegia was 2.2%, 2.3% and 5.8%, 
respectively.3 In addition, some expert surgeons prefer simple AXe and 
rapid reanastomosis in elective operations on the thoracic and thoracoab
dominal aorta. 1,21-24 A simple, safe, and universal surgical procedure in 
this field has not yet been created. 

Proximal hypertension following AXe without adjuncts is deleterious 
for the left ventricle with depressed function and may cause cerebrovascu
lar accidents as well. Therefore, vasodilators have been used for reduction 
of proximal aortic pressure and for improvement of collateral circulation to 
the distal organs. In spite of its beneficial effect on proximal hypertension, 
Marini and colleagues25 reported that intravenous administration of 
sodium nitroprusside (SNP) increased the risk of neurological injury by 
reducing spinal cord perfusion pressure. They showed that mean distal aor
tic pressure decreased gradually during AXe while mean proximal aortic 
pressure was maintained on the same level with baseline pressure with in
fusion of SNP. In other words, the DIP decreased gradually. They proved 
by means of radiolabeled microspheres that a blood flow to the lower spin
al cord segment decreased compared with controls during AXe in animals 
receiving SNP. The same tendency was recognized in the report by Gelman 
and colleagues.26 Although the difference did not reach statistical sig
nificance probably because of the high values before AXe, plasma 
epinephrine was reported to increase during AXe in dogs given in
travenous SNP .19 Thus the failure of improvement in collateral circulation 
by SNP may result from releasing catecholamines. 

In contrast, the DIP increased gradually with statistical significance fol
lowing intrathecal lidocaine administration in our experiments. In linear 
regression analysis after logarithmic transformation, the regression param
eter in the lidocaine group was significantly larger than that in the control 
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group, which means the collateral blood flow to the distal organs during 
AXC increased more in the lidocaine group than in the control group. 
Thus, intrathecal lidocaine administration is considered to have a bene
ficial effect on reducing proximal hypertension and increasing collateral 
blood flow during AXC. The change of the LIP in blood may be affected by 
this effect. 

The pattern of changes in CSFP resembles that of proximal mean aortic 
pressure. Therefore, proper control of proximal hypertension in the lido
caine group may suppress CSFP rise and be favorable. In the early phase 
during AXC, CSFP in the lidocaine group was higher than that in the con
trol group because the administered dose was larger in the lidocaine group 
than in the control group. In addition, mean distal aortic pressure in the 
lidocaine group was lower than that in the control group in proportion to 
mean proximal aortic pressure. Therefore, SCPP in the lidocaine group 
was considered to be lower than that in the control group. In the late phase 
ofAXC, however, mean distal aortic pressure increased gradually in the 
lidocaine group, and SCPP was higher than that in the control group. But 
SCPP in the lidocaine group could not reach an adequate pressure level to 
protect the spinal cord and was as high as that in the control group in the 
experiment by McCullough and (McCullough) colleagues27 in which eight 
of ten dogs had spastic paraplegia. 

As Astrup and colleagues7- 10 have described, lidocaine may have a pos
sibility to provide hypothermia-like protection on cerebral metabolism 
while intrathecal lidocaine administration may directly decrease spinal 
cord metabolism. On the other hand, Marcus and colleagues28 reported 
that stimulation (30 V, 5 Hz) of the intact left sciatic and femoral nerves 
resulted in a 50% increase in blood flow to the left gray matter of the 
lumbosacral cord. In addition, it was demonstrated that stimulation of the 
femoral and the sciatic nerves increased the rate of glucose metabolism in 
spinal cord gray matter on the stimulated side.29 In other words, blood flow 
to spinal cord gray matter increased selectively in response to metabolic 
stimuli. However, metabolic stimuli are blocked by spinal anesthesia. Then 
the increase in blood flow at the gray matter is not forced by metabolic 
stimuli under spinal anesthesia. Consequently, a silent environment for the 
spinal cord, produced by spinal anesthesia, is considered to be advan
tageous for the ischemic spinal cord. 

Cohen18 proved that the highest concentrations of intrathecally
administered 2.5% lidocaine (1 ml) are found in the posterior and lateral 
columns, but lidocaine concentration in the anterior horn was about three 
quarters of the minimum effective concentration.30 In this study, we used 
3% lidocaine. In addition, drainage of lidocaine to the vein may decrease 
because of the interruption of circulation following AXC. Consequently, 
the optimal concentration can still be expected in the anterior horn. 

In the lidocaine group in this experiment, one of six dogs did not recover 
completely, and minor changes were seen in histological examination. 
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Therefore, the spinal cord during AXC was not free from the effects of 
ischemia even if intrathecal lidocaine administration was performed. 
However, intrathecal lidocaine administration was considered to diminish 
spinal cord injury generated during and after AXC. 

In conclusion, intrathecal lidocaine administration under the conditions 
of this experiment effectively controlled proximal hypertension, increased 
DIP during AXC, and diminished neurological damages. These results sug
gest that intrathecal lidocaine administration is useful in clinical settings 
requiring AXC during surgery on the descending thoracic and thoraco
abdominal aorta. 
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Abstract 

Thirty-six patients admitted at our Level I Trauma Center with multi organ system 
injuries and acute lesions of the thoracic aorta have been studied. Mean Injury 
Severity Score (ISS) was 27 ± 4. Four patients underwent Emergency Depart
ment (ED) resuscitative thoracotomy. One survived and fully recovered. The 
remaining patients underwent concomitant surgical repair of the aortic lesions 
and treatment of other multiorgan systems. The overall mortality rate was 17%. 
ISS for survivors was significantly lower than for nonsurvivors (23 ± 4 vs 35 ± 
5, p < 0.05). The survivors arrived faster from the accident scene than nonsur
vivors (45 ± 15 min vs 75 ± 10 min, p < 0.05). The time for survivors and 
nonsurvivors to arrive in the operating room for repair of the aortic injury was not 
different (13 ± 6 hrs. vs 14 ± 7, P > 0.05). All deaths occurred in the emergent 
or semiurgent groups. Four patients (two of whom presented with multiple 
lesions of the thoracic aorta) developed ischemia in distal organs. Two patients 
developed paralysis and two had lower limb spasticity. All discharged survivors 
were alive at 12 months follow-up. Sixty-four percent of the patients underwent 
aortic repair with "clamp/sew" technique. The rest were operated with either 
heparinized shunts or cardiopulmonary bypass (CPB). The type of surgical repair 
had no influence on the outcome of patients with single, uncomplicated aortic 
lesions, however, "clamp/sew" technique did not provide adequate protection 
when used for repair of multiple aortic tears. 

Our study demonstrated that the outcome of surgical treatment of the traumatic 
aortic lesions of patients with multi organ injury depends upon the time elapsed 
from the accident to the arrival to the ED, the severity of multiorgan system 
injury, the extent of thoracic aortic injury and appropriate timing of surgical 
repair of the aortic lesions and the surgical treatment of other injured organs. 

Introduction 

Traumatic lesions of the thoracic aorta produced by blunt thoracic trauma still 
carries a high mortality rate. l Approximately 98% of the survivors will die in 

210 



18. Thoracic Aorta Lesions with Multiorgan System Trauma 211 

three to four months if the lesions are left untreated. 2 Since the highest mortality 
rate has been seen in patients with an increased number of injured systems, 
particularly in those with combined thoracoabdominal injury, the strategy for 
diagnosis and treatment is very challenging.3 Despite attempts to standardize the 
treatment,4 the management of the traumatic disruptions of the thoracic aorta 
remains controversial and the outcome unpredictable. 5 This chapter presents an 
update of our experience related to the surgical treatment of acute lesions of the 
thoracic aorta encountered in patients sustaining multiorgan system trauma. 

Clinical Material and Methods 

Of 12,180 patients admitted to our Level I Trauma Center between June 1985 
and May 1992 with multiorgan system injuries, 36 patients have been diagnosed 
with an acute disruption of the thoracic aorta. There were 30 males and 6 fe
males. The mean Injury Severity Score (ISS) was 22 ± 4. The demographic data 
and the mechanism of injury is presented in Table 18.1. An accelerating mecha
nism was present in 28% of the cases, a decelerating mechanism in 67%, and 5% 
were falls from heights. The majority of patients (64%) had been admitted to the 
ED directly from the accident scene. The remaining were transferred from other 
hospitals. All patients suffered from blunt chest trauma. 

Five patients (14%) arrived in the ED from the accident scene in hemodynamic 
shock without vital signs. Although cardiopulmonary resuscitation was begun in 
all cases, two patients died during ED resuscitative thoracotomy. The other three 
patients underwent surgical repair of the thoracic aortic injury. Two patients 
survived and fully recovered; another underwent successful thoracotomy and 
repair of the thoracic disruption, however, died later from exsanguinating intra
abdominal injuries during laparotomy. The clinical status upon arrival in the ED 
is shown in Table 18.2. Eighty-six percent of the patients were hemodynamically 
stable on admission. Nineteen patients (53%) presented with chest pain, 10 
(29%) presented with different degrees of respiratory distress, 3 (8%) had 
hemoptysis and 2(6%) hoarseness. Six patients (17%) presented without signs of 

TABLE 18.1. Patient's characterisitcs on admission. 

Variables 

Gender 
Male 
Female 

1Ype of Accident 
Vehicular 

Accelerating 
Decelerating 

Falls 
Admission 

From accident scene 
Transfer from other hospital 

No. of patients (%) 

30 (83%) 
6 (17%) 

10 (28%) 
24 (67%) 

2 (5%) 

23 (64%) 
13 (36%) 
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TABLE 18.2. Clinical status upon arrival in the ED. 

Variables 

Hemodynamic Status 
Hypovolemic shock 
Stable 

Clinical Manifestationa 

Chest pain 
Respiratory distress 
Hemoptysis 
Hoarseness 
Asymptomaticb 

Pseudocoarctation 

aMany patients presented with a combination of findings. 
b In relation to the diagnosis of thoracic aortic injury. 

No. of patients (%) 

5 (14%) 
31 (86%) 

19 (53%) 
10 (29%) 
3 (8%) 
2 (6%) 
6 (17%) 
o (0%) 

intrathoracic injury. Most of the patients had a combination of findings. The 
classic findings of "pseudocoarctation syndrome" was not seen in our series. All 
hemodynamically stable patients underwent routine laboratory tests, and chest 
roentgenogram on admission. Supine chest roentgenogram was obtained in the 
majority of cases (86%). In only a few patients was an upright chest film possible 
(14%). The overall initial radiographic findings are shown in Table 18.3. Eighty 
percent of the patients had a widened mediastinum, 7% presented with massive 
hemothorax, 9% had visible pleural capping, and 14% presented with loss of the 
aortic knob. Three patients (8%) had a negative chest roentgenogram on admis
sion. Twenty-nine patients (80%) demonstrated single or combination of chest 
radiograph findings defined as "high probability signs" for thoracic aortic lesion. 
Nine patients (25%) underwent emergent aortogram to define the extent of intra
thoracic vascular injury within the first 10 hours from the injury. Eighteen pa
tients (50%) underwent aortography within 24 to 48 hours post injury. Nine 
patients (25%) most of whom have been transferred from other community 
hospitals to our Level I Trauma Center had the diagnosis of thoracic aortic injury 
established after 48 hours post injury. The extent of multiorgan trauma is outlined 
in Table 18.4. The majority of patients presented with injuries to more than one 
organ system. 

TABLE 18.3. Initial radiographic findings. * 

Variables 

Widened mediastinum 
Massive hemothorax 
Pleural capping 
Loss of aortic knob 
No findings 

*Many patients presented with a combination of findings. 

No. of patients (%) 

29 (80%) 
6 (17%) 
3 (8%) 
5 (14%) 
3 (8%) 
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TABLE 18.4. Multiorgan system involvement. * 

Variables 

CNS 
Cardiacllung contusions 
Intraabdominal injuries 

Spleen 
Mesentery 
Liver 

Skeletal fractures 
Rib 
Pelvis/spine 
Extremities 

*Most of the patients presented with a combination of lesions. 

Surgical Approach 

No. of patients (%) 

5 (14%) 
5 (14%) 

6 (17%) 

3 (8%) 

2 (5%) 

17 (47%) 

6 (17%) 
16 (44%) 

Five patients arriving without vital signs at the Trauma Center underwent re
suscitative thoracotomy. Two patients had been resuscitated and survived long 
term. Two patients died from massive intrathoracic exsanguination. One other 
patient underwent successful resuscitative thoracotomy and repair of the aortic 
lesion, however, continued to bleed profusely from intra-abdominal lesions. He 
died during laparotomy. 

The timing of thoracotomy in relation to other associated surgical procedures 
is shown in Table 18.5. The extent of multi organ system involvement dictated the 
indication and timing of surgical approach. Laparotomy was performed prior to 
thoracotomy if peritoneal lavage was positive in patients with thoracoabdominal 
trauma. Thoracotomy and repair of the contained aortic lesion took place after 
controlling the intraperitoneal bleeding. Orthopedic injuries were handled after 
thoracotomy and aortic repair in all patients. The specific surgical techniques 
used for repair of the thoracic aortic lesion and their outcome are summarized in 
Table 18.6. 

A posterolateral thoracotomy was used in all patients as the surgical approach 
to the injured thoracic aorta. The surgical technique was selected independently 
by each surgeon depending upon his/her own clinical judgment, surgical exper
tise and intraoperative findings. Thirty-one patients (86%) had single lesions 
located "classically" below the origin of the subclavian artery. Three patients 
presented with multiple lesions of the thoracic aorta extending to the aortic arch. 
The clinical course of these patients and the anatomic findings have been de
scribed elsewhere.5 The majority of cases were operated using the "clamp/sew" 
technique. The average aortic cross-clamp (AX C) time was 28 minutes. A 
heparinized Gott shunt placed between the aortic arch and either the distal aorta 
or the femoral artery was used in 5 patients, with a mean AXC time of 38 min
utes. The use of shunts resulted in no complications. Cardiopulmonary bypass 
with total body heparinization was employed in one patient with multiple tears of 
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TABLE 18.5. Operative procedure, timing and outcome. 

Type of operation 

Procedure Emergent Semiurgent Elective 

Thoractomy alone* 7 (2) 2 
Thoracotomy/orthopedic repair 6 7 (I) 5 
Thoracotomy/laparotomy 3 (I) I (I) 0 
Thoracotomy/thoracotomy 2 (I) 3 0 

Parentheses represent deaths. *Include those undergoing ED resuscitative thoracotomy. 

Total 

10 (2) 
16 (I) 

3 (2) 
7 (I) 

the thoracic aorta in whom the "clamp/sew" technique has been initially con
sidered. The AXe was 43 minutes. There were no heparin-induced complications. 

Statistical analysis was performed with SPSS Plus (version 3.0). Paired t-test 
were used as appropriate. A p value less than 0.05 was considered statistical 
significant. Tables present data as mean ± standard deviation where appropriate. 

Results 

Of the 36 patients arriving in the ED, 6 patients (17%) died during their hospital
ization (Tables 18.5 and 18.6). Of those, 2(5%) were ED deaths resulted from 
extensive intrathoracic exsanguination combined with multiorgan trauma. One 
patient underwent resuscitative thoracotomy and interposition of a Dacron graft. 
He later underwent surgical orthopedic repair and survived. Another patient who 
sustained a thoracoabdominal injury underwent successful repair of the thoracic 
aortic lesion, however, he died later during laparotomy for laceration of the 
spleen and liver (Table 18.6). Low cardiac output, complications of polytrauma 
and multiorgan failure resulted in early postoperative death in 3 other patients. 
Thirty patients (83%) fully recovered and were alive at 12 months follow-up. The 
determinants of outcome for the survivors from nonsurvivors are presented in 

TABLE 18.6. Surgical technique for aortic repair and outcome. 

No. of patients Complications 

Technique Alive Dead Spinal cord injury Renal failure 

Resuscitative thoracotomy 2 3a.b 0 0 
Clamp/sew 22 3 4a I 
Heparin shunt 5 0 0 0 
CPB 0 0 0 

aNo aortic repair. 
bIncludes one patient who survived ED resuscitative thoracotomy but died during secondary 
laparotomy. 
cIncludes two patients with multiple tears of the thoracic aorta. CPB = Cardiopulmonary bypass. 
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TABLE 18.7. Detenninants of outcome. 

No. of patients (%) 

Alive Dead 
Variable (n = 30) (n = 6) Significance 

Time from accident to ED (min) 45 ± 15 75 ± IO p < 0.05 
Injury severity score 23 ± 4 35 ± 5 p < 0.05 
No. of injured systems 2.6 ± 0.3 3.6 ± 0.6 P < 0.05 
Time to make diagnosis (hrs) 13 ± 6 14 ± 7 NS 
Time from diagnosis to OR (hrs) 7 ± 3 8 ± 2 NS 

ED = Emergency Department, NS = not significant (p < 0.05) 

Table 18.7. Survivors had significantly lower ISS scores than nonsurvivors (23 ± 
4 vs 35 ± 5, P < 0.05) and fewer number of injured systems (2.4 ± 0.3 vs 3.6 ± 
0.6, p < 0.05). The time to arrive in the ED from the accident scene was also 
shorter for survivors than for non survivors (45 ± 15 min vs 75 ± 10 min, p < 
0.05). In both groups the same amount of time was spent in making the definitive 
diagnosis of thoracic injury. Once this was obtained, the survivors arrived in the 
operating room in the same time as the nonsurvivors. Four patients with intact 
neurological status on admission presented at discharge with the sequelae of 
ischemia to the spinal cord. One patient also developed acute renal failure. All 
four patients underwent repair of the aortic lesion with the "clamp I sew" method 
(Table 18.6). The specific AXC time were 43 minutes, 55 minutes, 61 minutes, 
and 67 minutes, respectively. The AXC time of the last two patients was inadver
tently prolonged due to the presence of multiple aortic tears. At follow-up, two 
patients had permanent paraplegia; two others remained with only minor spas
ticity of the lower limbs. All deaths had been encountered when the surgical 
repair of the traumatic lesion of the thoracic aorta took place as an emergent (four 
cases) or semiurgent operation (two cases). 

Discussion 

The diagnosis of intrathoracic vascular injury in patients with multisystem organ 
trauma remains a difficult task. Pate6 and Spence et aF have emphasized that a 
high degree of individualization is necessary for each particular case. The se
quence of establishing the diagnosis of aortic disruption and the therapeutic 
interventions in a series of patients with multi organ system injuries and high 
probability signs for aortic disruption manifested by widened mediastinum has 
been investigated by Richardson et al. 8 The authors emphasized the importance 
of combining the accurate and expeditious diagnosis of such entities with the 
appropriate management of this type of patient. 

The outcome of patients undergoing surgical treatment of traumatic le
sions of the thoracic aorta has been related to the technique used for repair. 
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Clamp/sew,9,1O,1l,12 primary repair,13-15 heparin-bonded shunts l 6-19 or the use 
of CPB,6,20,21 have all been advocated as the method of choice for surgical 
management of such cases. Some techniques have been considered very con
troversial particularly when they appear to increase the morbidity. "Clamp/sew" 
technique is consi~ered by some investigators as potentially adding a high degree 
of risk for ischemic sequalae when there are longer clamp times and no shunting 
procedures.6,22 The use of heparin for anticoagulation during CPB may increase 
the risks of bleeding, particularly in polytraumatized patients23-27 and the use of 
heparinized shunts is controversial in terms of it's protective effect to the distal 
organs and in terms of necessary surgical expertise in it's application. 28,29 Phar
macological manipulation for improvement of the spinal cord ischemic tolerance 
during surgical repair of the thoracic aorta has been investigated in clinical 
and/or experimental trials. The use of hypothermia,3o sympathetic block
ade,31-33 experimental 21-aminosteroids,34 and perftuorocarbons35 have been 
shown to improve the ischemic tolerance and diminish the progression of patho
logic changes seen at the spinal cord level during AXC. Somatosensory evoked 
potentials (SEP) have been used to monitor the changes induced in neuroconduc
tion at the spinal cord level by AXC.36 The application of SEP monitoring, 
however, is not always possible in the trauma setting. The results of our study 
demonstrated, however, that there are a series of factors that may influence the 
outcome of the surgical treatment of the lesions of the thoracic aorta in patients 
with multiorgan system trauma. 

Other studies4 have also demonstrated the difficulty of assessing poly trauma
tized with concomitant traumatic disruption of the thoracic aorta. The delay in 
making the diagnosis of disrupted thoracic aorta is generally the result of either 
the presence of multiorgan injuries, the application of resuscitative and stabiliza
tion procedures, or related to the transfer of the patients from other institutions. 
The outcome of our series are similar to those published by Pate in 1985.6 

As seen in our series, patients with thoracic aortic injury may present with any 
hemodynamic state ranging from complete stability to cardiovascular collapse. 
Hemodynamic status on arrival in the ED is an important factor for survival. As 
mentioned previously, two patients of four undergoing ED resuscitative thora
cotomy have survived and fully recovered. Patients who arrived faster at the ED 
from the accident scene had a better chance for survival. Patients sustaining 
extensive trauma may undergo more resuscitation at the injury scene resulting in 
delay in transportation to the Trauma Center. Even when intensive resuscitation 
measures are applied in the field, these patients may be transported to the ED 
with a compromised cardiorespiratory status which may impact on the short-term 
and long-term morbidity and mortality. 

Our survivors confirmed the fact that the extent of multiorgan involvement 
may influence the survival rate of the patients with traumatic aortic injury.4,6 The 
mortality rate increased when surgical repair of the aortic lesion was undertaken 
on an emergent or semi-urgent basis probably due to the impact of early exten
sive cardiorespiratory compromise. In our series, survivors and nonsurvivors 
spent the same amount of time in the establishment of the diagnosis of thoracic 
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aortic injuries, and arrived in the operating room in the same time frame. One 
may assume that, once the diagnosis of acute disruption of the thoracic aorta has 
been established, all measures are taken for rapid surgical intervention. 

The presence of ischemic lesions produced by extensive AXC was influenced 
by the intrathoracic findings. Although the preoperative aortogram correctly 
diagnosed the existance of aortic injuries, it did not demonstrate their full extent, 
particularly when multiple aortic tears were present. There were no specific 
aortographic findings which might suggest the presence of multiple aortic tears. 
Because of the emergent character of establishing the diagnosis we could not use 
in our series any of the adjunctive techniques (computed tomograms, magnetic 
resonance imaging and ultrasonography) advocated by some investigators to 
complement the diagnostic arsenal for injury of the thoracic aorta. 37,38 Conse
quently, the real extent of the aortic injury had to be determined intraoperatively 
and the surgeon had to adjust the intraoperative management accordingly. Two of 
the three patients with multiple lesions in whom no heparinized shunts or CPB 
were used, needed prolonged AXC time for repair resulting in an increased 
morbidity. 

Our series did not favor any of the surgical techniques for repair as the method 
of choice. At our center, we more frequently used the "clamp/sew" technique 
because it offered simplicity and rapidity necessary in the case of surgical inter
vention of the poly traumatized patient. It is, however, important to emphasize 
that "clamp/sew" technique may be inappropriate in the case where complicated 
intrathoracic findings are present. In this case, the availability of cardiovascular 
perfusion technology and personnel and/or the expertise to use shunts are impor
tant factors which may change the outcome. 
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Angioplasty and Stents in the Iliac 
Artery 

MICHAEL c. DALSING, KAREN O. EHRMAN, DOLORES F. 
CIKRIT, STEPHEN G. LALKA, and ALAN P. SAWCHUK 

Introduction 

Percutaneous transluminal angioplasty (PTA) has become a part of our 
approach to treatment of patients with lower extremity vascular occlusive 
disease. Advances in balloon technology, the materials of construction, 
and the methods of delivery have all improved overall safety and efficacy of 
this technique.! Due to these technical improvements of PTA, little effort 
was directed to stents, another possible way of improving PTA results, 
originally suggested by Dotter in the 1960s.2 Our task in this chapter is to 
review some of the salient events in the advancement of intravascular 
stents and to report on our early clinical experience with one such device. 

Is There a Need? 
The need for an internal support or endoskeleton to improve the results we 
hoped to achieve from PTA was recognized in two general areas. The first 
was to improve early technical results of PTA and the other to correct or 
prevent problems with restenosis. 

Our initial experience with PTA at Indiana University demonstrated to 
us that improved results were a possibility. In our early experience with 
PTA, technical failures were observed in 20 of 132 (15.15% ) PTA attempts 
and were evenly divided between the iliac/common femoral artery location 
(13.7%) and the superficial femoral/popliteal location (15.0%).3 All were 
observed in cases of severe stenosis (8) or total occlusion (12). Four vessels 
were not accessible through a groin approach. In 11 cases the guidewire 
could not be passed. In five (25%) cases, dilation, although possible, was 
not successful. These were patients who might be helped by improvements 
over a simple PTA technique. Spencer and his coworkers have given us 
sufficient information to suggest that technical failures are a concern and 
that new technology may impact these results.4 He reported that 31 of 282 
(10.99%) attempted PTA interventions failed and that in at least eight of 
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these (25.8%), the lesion could be dilated but resulted in early failure. Our 
involvement in VA Cooperative Study 199 was also enlightening. In this 
report there were 20 (15.5% overall) early treatment failures. Ten of these 
lesions could not be crossed with a guidewire and therefore could not be 
helped by a supporting endoskeleton, but the remainder might have be
nefited by a device which could maintain a widely open channel. 5 These 
and similar experiences in other parts of the valvular system have defined 
early technical failures as an area which might be impacted by intraluminal 
support. The underlying cause of these failures may include acute throm
bosis, dissection, elastic recoil, spasm or any combination of these 
events. 1,3,4,6 

Even when initially successful, recurrent symptoms from restenosis of 
PTA does occur. Our early experience with balloon angioplasty firmly im
planted this concept into our minds.3 Of the 23 patients followed for longer 
than 6 months and treated with angioplasty alone, 16 were initially success
ful but only eight (50%) maintained this level of improvement at 9.4 ± 4.5 
months' follow-up. Twenty-five percent (four patients) had completely re
verted to pre dilation hemodynamic measurements. Although several fac
tors impact the results of PTA, the overall reported experience is a rapid 
initial decline in the success of PTA concentrated in the first 6 months to 1 
year of follow-up with a more gradual decline thereafter. 3-5,7-9 Recurrent 
disease at the site of previous dilatation has been documented by several 
authors.3,4,7 The reason for restenosis may be fibromuscular hyperplasia or 
typical atherosclerosis.!o When the disease process progresses this rapidly, 
it may be logical to consider adjuvants to improve the result of PTA at the 
second attempt. This is where the intraluminal stent may come into play. 

Initial Considerations 
Before becoming involved in a new clinical endeavor, an investigation of 
the new technique is critical. Several intraluminal stent designs were under 
investigation in the early 1980s. Thermal expansion stents made of nitonol 
were constructed as a coil at high temperatures, then straightened at room 
temperature for ease of delivery. Despite antiplatelet medications, neoin
timal thickening tended to narrow the stented lumen at 8 weeks in a canine 
model. 11 Self-expanding stents of various designs were also being con
sidered. Maass et al. reported on several steel alloy spiral springs.12 A 
canine and calf animal experiment demonstrated its feasibility with no re
ported case of migration or acute thrombosis. The delivery system, how
ever, was very cumbersome and the expansion factor only 1.2: 1 to 5: 1. 
Wright and his associates in 1985 reported on a percutaneously placed self
expanding stent constructed in a zigzag configuration of surgical stainless 
steel wire.!3 A canine experiment including 30 stents demonstrated only 
one incident of migration in the vena cava and no cases of acute thrombosis 
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or vascular erosion. The design of the stent did not allow complete contact 
with the arterial wall. Therefore, delayed or incomplete endothelialization 
of the stent in the dog model was reported. 

In 1985 Julio Palmaz first reported a canine experiment using a balloon
expandable stent.14 This was a continuous, woven, stainless steel wire de
sign with cross-points silver-soldered to resist radial collapse. The wire 
thickness was 150-200 urn with solder points not exceeding 450 urn. It was 
expanded to its desired diameter of 6-10 mm by an angioplasty balloon to 
which the stent had been mounted. No anticoagulation was used. One 
stent thrombosis was reported as well as two partially clotted stents. Eight 
grafts did well for 1 to 8.5 weeks. A long-term study of this same stent was 
not any more promising. IS Of 18 stents placed, two demonstrated acute 
thromboses and two occluded within 4 weeks. Six other stents demon
strated 30% or more luminal stenosis over a 34-week observation period. 
Finally in 1986, this same group reported their experience with a stream
lined model. I6 It was constructed of continuous steel arranged in eight 
rows of staggered, offset slots that were 3.5 mm long. The stent was 1.67 
mm in diameter and 15 mm in length when not in the expanded state. The 

FIGURE 19.1. Plain radiograph of multiple overlapping stents (arrow) in the right 
common and external iliac artery. Note the radiologic clarity (visibility) which aids in 
proper placement of the stents. 
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results were impressive even without anticoagulation or antiplatelet drugs 
as adjuvant treatment. In 20 rabbits, atherosclerotic lesions were made by 
feeding the animals a hypercholesterolemic diet and by causing trauma to 
the intima with the use of an expanded balloon catheter. The cholesterol 
diet was maintained throughout the experiment trial. All stents remained 
patent up to 6 months after placement. No subintimal growth of plaque 
was observed in the stented area but was noted in portions of the artery 
proximal and distal to the stent. No angiographic or histologic narrowing of 
the plaque into the vessel lumen was noted at the area of stent placement. 
The stent was covered with neointimal 1 week after implantation. There 
was a continuous growth of this neointima from 36 ± 28 um at 1 week to 
98 ± 36 um at 24 weeks, but the majority of the thickening was noted at 8 
weeks with a much more gradual growth thereafter. 

This stent design was also advantageous since it met several of the char
acteristics thought desirable for such a device. It was delivered and de
ployed by a standard PTA technique, and therefore, no difficult technical 
lessons would have to be learned. Furthermore, the device was visible by 
standard angiographic technique, and proper placement would be facili
tated (Fig. 19.1). The stent design was versatile, such that the device could 
be expanded by the balloon to accommodate a vessel 8 to 12 mm in diam
eter. Biocompatibility and reliable expansion without migration were 
addressed in the experimental studies with excellent results. 16 

Materials and Methods 

Technique 

The clinical Palmaz stent is a slotted, seamless, stainless steel tube 3.2 mm 
in diameter and 3 cm long in the nonexpanded state (Fig. 19.2) (Johnson 
and Johnson, Intraventional Systems, Warren, NJ). The stent wall thick
ness is 0.12 mm. The stent can be optimally expanded to a diameter of 8 to 
12 mm during deployment. 

Figure 19.3 shows all the equipment required for stent placement. A 
standard Seldinger approach allows access to the common femoral artery, 
and a standard balloon angioplasty procedure is performed. This dilatation 
allows easier insertion of the introducer sheath if required at a later stage, 
confirms the ability of the lesion to accept a dilatation, and prevents un
necessary stent placement. The guidewire is always maintained in a posi
tion across the lesion to provide continued access to the target area. When 
a stent is required, the stent is mounted on an 8 x 30 mm angioplasty bal
loon catheter (PE Plus II, USCI, Billerica, MA) and further secured by a 
crimping tool after protecting the stent with a clear plastic crimping tube. 
A secure placement of the stent is confirmed by lack of movement on 
manual testing. It is now called the stent-balloon assembly. A 10F, 30-cm-
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FIGURE 19.2. Photograph ofthe stent in an unexpanded (a) and then expanded state 
(d) . Note the parallel stent design at rest which becomes a rectangular shape on 
expansion. A balloon angioplasty catheter lies in the unexpanded state (b), and with its 
dilatation ( c) converts the stent to its open state. 

long introducer and sheath with hemostatic valve (Cook, Bloomington, 
Indiana) is inserted over the guidewire into the vessel and advanced to a 
point proximal to the iliac occlusive target lesion. A stainless steel 5-cm
long open lumen introducer tube is inserted over the stent-balloon assem
bly to protect the stent while placing it into the hemostatic valve of the 
sheath. Once the stent part of the assembly is in the sheath, the introducer 
tube is pushed to the end of the balloon catheter to decrease blood loss. 
The stent-balloon assembly is advanced under fluoroscopic control to the 
target, and the sheath is retracted until the stent is fully exposed to the 
vessel lumen. This allows deployment of the stent while preventing entrap
ment in the sheath. The balloon is expanded by inflation pressures of 8 to 
12 atmospheres. If a larger lumen is required, a balloon catheter change is 
made to allow stent dilation with a larger diameter balloon. After proper 
stent deployment, the balloon is deflated and gently rotated to detach it 
fully from the stent, and then is removed through the sheath. 

The protocol for this study was approved by the Food and Drug Ad
ministration and our institutional review board. Informed consent was 
obtained from each patient after the experimental nature of the procedure 
was fully explained. Patient characteristics, such as age, medical illnesses, 
smoking status, as well as a noninvasive hemodynamic evaluation, were 
obtained. All patients were premedicated with 325 mg of aspirin the day 
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FIGURE 19.3. A picture of the equipment needed for a stent placement. (1) Bard PE 
Plus II 8 mm balloon catheter, (2) inflation device-any type, (3) Palmaz Balloon 
expandable stent in packaging with clear plastic crimping tube, (4) metal introducer 
tube, (5) Cook lOF 30-mm-sheath and introducer, (6) crimping tool (Johnson and 
Johnson), (7) 0.035 cm guidewire. 

before intervention. Angiography confirmed iliac disease, and the intra
vascular pressure gradient was measured across the lesion. The patient re
ceived a 5000 unit bolus of heparin prior to any PTA intervention. Pressure 
measurements and angiography confirmed the result of the initial PTA in
tervention. Indications for stent use were: 1) an inadequate PTA result 
described as a >30% residual diameter stenosis, a pressure gradient > 10 
mmHg at rest or > a 15% change in the femoral/brachial systolic pressure 
index, or 2) for recurrent stenosis following a previous PTA. Contraindica
tion to stent placement included: 1) extravasion of contrast material during 
initial PTA, 2) a markedly tortuous iliac artery, 3) extensive arterial cal
cification precluding initial PTA success, and 4) aneurysmal disease at the 
site of the proposed angioplasty. Relative contraindications were stenosis 
of the common femoral artery « 5 mm in diameter) that would complicate 
the sheath placement, severe hypertension, impaired pain sensation, and 
poor distal arterial outflow. These relative contraindications could be man
aged by operative sheath placement, pre intervention antihypertensive 
medications, cautious deployment, and anticoagulation or distal interven
tion to change the runoff status. If more than one stent was to be placed, 
the most cephalad was generally placed first, but this was not mandatory 
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(Fig. 19.1). Following stent placement, any residual gradient across the 
stent was measured by a standard angiographic catheter, which replaced 
the balloon angioplasty catheter. The sheath was removed and the punc
ture site controlled with manual compression. Patients were maintained on 
325 mg aspirin for at least 3 months following the procedure. 

Clinical follow-up consisted of a history, lower extremity vascular 
physical examination, and noninvasive Doppler examination that included 
at least an anklelbrachial index (ABI) at 2 weeks, and 1, 3, 6, 9, and 12 
months following intervention. Thereafter, evaluation was performed on a 
twice-yearly basis. A plain pelvic radiograph as well as a repeat angiogram 
was scheduled for 3 to 6 months after stent placement. 

Patients 

From May 1987 through February 1990, 18 male and six female patients 
underwent iliac artery stent placement at the Indiana University Medical 
Center in Indianapolis. This period of review allows the opportunity for a 
significant follow-up even in the last patient studied and is an extension of 
an earlier experience reported by our group. 17 

Patients ranged in age from 44 to 76 years, with an average age of 
61.8 ± 8.4 years. All were (10) or are currently (14) cigarette smokers. 
Other associated diseases included 15 patients with cardiovascular disease 
(six of whom required previous coronary artery intervention), six with 
cerebral vascular disease, five with chronic pulmonary disease, and four 
with chronic renal disease (serum creatinine> 1.5). Sixteen patients were 
hypertensive and there were three diabetic patients only one of whom re
quired insulin for control. Several patients had undergone a previous 
vascular surgical intervention. Nine patients had prior iliac PTA (three 
bilateral). There were three patients with a femorofemoral bypass graft, 
three patients with a femoropopliteal or femorotibial bypass graft, and one 
of these patients had both a femorofemoral and femoropopliteal bypass 
graft. Each of these grafts were patent and were in jeopardy due to inflow 
disease. One other patient had undergone a previous aortoiliac endar
terectomy and a superficial femoral artery atherectomy. 

There were 27 limbs requiring a stent procedure in this group of patients. 
The symptoms per limb were worsening or disabling claudication in 18, rest 
pain in seven, and ulceration or gangrene in two limbs. The preinterven
tion average ABI was 0.63 ± 0.27. Seventeen stents were deployed in the 
right iliac artery and 10 in the left side. The location of stent placement was 
the common iliac artery in five, the external iliac artery in 10, and both the 
common and external iliac artery in 12. Thirteen vessels demonstrated 
calcification significant enough to be seen on plain radiographs but which 
did not preclude balloon angioplasty. The average percent stenosis of 
the target iliac lesion was 86.4 ± 12.8% (range 50% to 100%) with only 
one total occlusion. The mean diameter of the most stenotic area was 
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1. 72 ± 1.28 mm as measured from the angiogram. The length of the vessel 
narrowing averaged 4.06 ± 3.92 centimeters (range 1 to 15 cm). The mean 
pressure gradient across the stenotic vessel was 31.3 ± 17.8 mmHg. Runoff 
status was generally normal and classified as per the Adhoc Committee on 
Reporting Standards18 such that the resistance value was less than four for 
22 limbs and ~ four in five limbs. The indication for using a stent was 
restenosis following prior PTA in eight limbs, elastic recoil at the time of 
PTA in four, residual stenosis or a pressure gradient in 10, or severe dissec
tion with resulting stenosis in five limbs. More than one stent (Fig. 19.1) 
was required for the desired effect in 18 cases for a total of 69 stents de
ployed (range 1-7, average; 2.6 ± 1.6). 

Results 

Following stent placement, the mean pressure gradient decreased to 
1.07 ± 2.26 (n = 15) mmHg, and the immediate postintervention ABI in
creased to 0.88 ± 0.25 (Fig. 19.4). Two patients (8.3%), accounting for 
three limbs, died during the first month of follow-up. One patient died 
from a myocardial infarction 3 weeks after discharge, and the other patient 
died from a severe allergic reaction to the injected radiologic contrast 
material resulting in multi-system failure within 6 days. This latter patient 
required a thrombectomy of one limb because of hypotension and clotting 
of the stented area. The change in clinical status of the patients was evalu
ated according to criteria suggested by the Adhoc Committee on Reporting 
Standards18 (Table 19.1). One ofthe patients in category zero experienced 
an unsuccessful stent procedure requiring occlusion of the iliac artery 
secondary to perforation and, shortly thereafter, a femorofemoral bypass 
graft for relief of symptoms. One patient required operative placement of 
the sixth stent under local anesthetic to resolve a dissection problem. I 
considered this patient successful at least in terms of the stenting procedure 
but a complication since the surgical exposure was not scheduled. Other 
short-term complications were two groin hematomas, one requiring a two
unit transfusion, but neither requiring an operative intervention. One of 
these patients also had the discovery of an arteriovenous fistula after the 
stenting procedure. There were, therefore, six local complications (22.2%) 
from the stenting procedure. All but two required operative correction. 
One patient required a planned operative exposure of the common femoral 
artery for stent placement and experienced no difficulties. 

Within 1 month of stenting, three limbs in three patients underwent re
construction of infrainguinal occlusive disease by profundoplasty in one 
and by in situ bypass grafting in the other two cases. These interventions 
were taken into account when reporting the resistance values for runoff 
since this is the runoff effecting the stent shortly after placement. There 
would be three more patients with a resistance valve ~ 4 if we had not 
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FIGURE 19.4. Average anklelbrachial index with standard error of the mean for 
preintervention (Pre), immediately postintervention (IPI) and at 1, 6, 12, and 
24 months after stent placement. Total = total number of patients at risk, 
evaluated = those patients actually available for study at any given time. For the 
monthly follow-up values the numbers were obtained ± 3 months from the time 
indicated. 

corrected for this fact. The average I-month ABI with standard deviation 
is 0.91 ± 0.19. Seventeen patients had a 3 to 6-month postintervention 
angiogram. In no case was there migration of a stent demonstrated by 
pelvic radiograph. One patient demonstrated an angiographic stenosis of 
62.5% in the area of stent placement which was successfully redilated. This 
patient was considered a failure. Two patients had a stenosis of <50%, one 
above and one below the stented area. One other patient experienced a 
>75% diameter stenosis directly below the stented area, refused further 
interventional angioplasty, and underwent a successful aortobifemoral 
bypass graft 6 months following the original stent placement. One other 
patient died of complications of pneumonia 3 months after the stenting 
procedure. 

At 6 months after stent placement, 20 limbs in 17 patients were being 
followed. Sixteen limbs were available for study and demonstrated con-
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TABLE 19.1. Change in overall clinical status per limb following stent placement. 

# Limbs 

Category Description 0-1 Month 6 Months 12 Months 24 Months 

+3 asymptomatic & 13 13 8 6 
ABI > 0.90 

+2 1 + category & 5 2 3 
ABI>O.lO 

+1 1 + category or 2 1 
ABI>0.10 

0 no category & 4 1 
ABI~0.10 

Procedural 3 
mortality (2 patients) 

Others 0 4 6 3 
at rick 

tinued clinical and hemodynamic improvement in the majority of patients 
(Table 19.1, Fig. 19.4). One patient died at 8 months after stenting from a 
massive posterior circulation stroke. At 1 year, similar results to that seen 
at 6 months were noted. Between the first year and the next, one patient 
required a second stent placed below the previously placed stents and also 
a superficial femoral artery atherectomy to relieve his symptoms complete
ly. One other patient was found to have a common iliac artery aneurysm 
above the stented segment. At 2 years' follow-up, only 10 limbs were at 
risk. Seven limbs were available for evaluation and showed maintenance of 
good clinical and hemodynamic results (Table 19.1, Fig. 19.4). 

The total number of stent failures were three (11.1%). There were two 
early deaths (three limbs) less than 30 days after· the procedure for a pro
cedural mortality of 8.3%. Table 19.2 tabulates the specifics of each of 
these cases for clarification of risk factors. There were six local procedural 
complications for a complication rate of 22.2%, and four of these required 
surgical correction (14.8%). Interventions remote from the area of stent 
placement were required to maintain the desired clinical result in five 
instances. 

The stenting procedure was successful in all four cases of elastic recoil, 
with a follow-up ranging from 8 to 24 months. Likewise, stent placement 
for dissection was routinely successful, with a follow-up ranging from 2 to 
35 months. However, in one case originally scheduled for stent placement 
based on restenosis, there was also a significant dissection and this case 
failed. Eighty percent of the stent procedures performed because of an 
unacceptable hemodynamic PTA result and 87.5% of those performed for 
restenosis were successful as analyzed in this study. The observation period 
ranged from 3 to 28 months and 3 to 18 months respectively for these last 
two indications. 
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TABLE 19.2. Characteristics of patients with stent failure or perioperative mor-
tality. 

Patient 

13 14 

Characteristics R L 

Male x 
Diabetics 
HBP x 
Renal 
Indication* CL CL CL 
Location" E C&E C&E 
Length (cm) 2 6 6 
% stenosis 80% 90% 90% 
Side L R L 
Run-off*** 0 0 0 
Why stent*"· GR GR GR 
# stents 1 2 2 
Complication MI, open contrast 

stent reaction 
(death) 
L clotted 

Time <4 weeks 6 days 

* CL = claudication, RP = rest pain. 
** E = External iliac artery, C = common iliac artery. 

*** See text. 
**** GR = gradient/residual stenosis, RS = restenosis. 

Discussion 

19 24 

x x 
x 
x 

CL CL 
E C&E 
6 4 

100% 85% 
R R 
4 0 

GR RS 
1 4 

perforation RS··** 
at stent 

immediate 3 months 

Iliac artery balloon angioplasty has become an accepted method of treating 
localized occlusive disease. However, the reported success rates at 1 year 
ranged between 50% and 93%.4,5,7-8,19,20 This may be the result of im
mediately unsuccessful attempts at PTA (6-15% ),4,5,8,9,19 or of a recurrent 
disease process.3- 5 ,7-9 The introduction of an endoskeleton (stent) to 
mechanically maintain the opening made by balloon angioplasty seems 
logical in those patients otherwise destined for failure. 

Elastic recoil was observed in four of our patients. The inherent elastic
ity of the arterial wall causes recoil after balloon angioplasty. 21 Eccentric 
lesions, where one wall is relatively devoid of plaque, may be prone to this 
problem because the balloon has essentially no supporting plaque present 
to help keep the lumen open after balloon deflation. The placement of a 
stent eliminates this problem because the internal support prevents radial 
collapse after the balloon is deflated. In each of our stented cases, the 
immediate result was a normal angiographic picture, removal of the pres-
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sure gradient, improvement in the ABI, and clinical status that has been 
maintained for 8 to 24 months. 

Angioplasty-induced dissection with residual stenosis may actually lead 
to occlusion of the lumen (Fig. 19.5). Significant dissection was the primary 
cause of stent placement in five of our cases, although it was the reason for 
the need of multiple stents in three other cases. These patients experienced 
diminished blood flow through the vessel and would probably have re
quired surgery if stents were not available. Whenever dissection played a 
role in the need for stent placement, two or more stents were required for 
an adequate angiographic result and resolution of the pressure gradient. It 
is imperative, therefore, that the guidewire be maintained across the lesion 
or vascular access may be lost forever. All patients were treated successful
ly and were clinically improved for 2 to 35 months. One patient who had 
been initially scheduled for stent placement due to restenosis following 
prior PTA also experienced a long dissection and ultimately failed at 3 
months. He is considered under restenosis problems. Stents may be espe
cially successful in alleviating problems associated with PTA-induced 
dissection.22 Intimal dissection is reported in approximately 2% of cases of 
iliac angioplasty.8,23 On the basis of a recent stent experience, this com
plication may be more frequent than previously reported and possibly 
approaches 5%.22 

Certainly, iliac lesions that fail PTA based upon hemodynamic measure
ments would not result in the desired clinical patient benefit. Ten of our 
patients are in this category as a reason for stent placement. A significant 
number of patients (= 25%) treated with PTA alone still have a post
procedural gradient ~ 10 mmHg at rest. 19,20 Elimination of the resting 
pressure gradient appears to be clinically beneficial.19,24,25 Since each of 
the 10 patients in which stents were required for resolution of residual 
disease would have been considered PTA failures, an 80% success rate 
seems reasonable. The failures were one case in which occlusion occurred 
after a hypotensive event (patient died), and one case of total occlusion 
with perforation. 

The final reason for stent placement was to prevent a second stenosis 
after a previous PTA failure. Restenosis at the site of prior iliac PTA is 
reported in 3.3% to at least 13.8% of cases.5,9 The cause may be progres
sive atherosclerotic disease or fibromuscular proliferation. lO The majority 
of restenosis cases occur in the first 6 months to 1 year after PTA.3-5,7-9 
Eight of our patients were treated for this reason and one failed (12.5%). 
The one failure was a true restenosis in the area of stenting. Certainly, 
these lesions treated by stenting are prone to restenosis after PTA since 
they have already demonstrated this propensity. An 87.5% success rate 
may be acceptable in this group of patients. It is postulated that the stent 
may decrease problems with restenosis by forming a relatively smooth sur
face that prevents the proliferative injury repair.25 However, the build-up 
of hyperplastic tissue noted in an initial experimental study16 would sug-
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FIGURE 19.5. (A) Angiogram of a left iliac artery dissection after attempted PTA. 
Note almost total occlusion of the vessel and the obvious spiral dissection. (B) 
Resolution of the dissection after the placement of four stents. 

232 



19. Current Experience with Angioplasty and Stents in the Iliac Artery 233 

gest the possibility of stent area restenosis and was actually noted in our 
patient. 

Total iliac occlusions have a less successful patency rate after PTA than 
stenotic iliac artery lesions.7 Colapinto described finding the true lumen of 
the totally occluded artery as the most difficult of all angioplasty proce
dures, with a 22% technical failure rate, but was able to report a 78% 
four-year patency rate after an initially successful PTA.26 Two investiga
tors have found the early results of stenting to be very favorable in the 
totally occluded artery. 27 ,28 Our one case of perforation is the only com
pletely occluded iliac artery treated by us with a stent and cannot shed light 
on this subject. 

On review of our three stent failures (Table 19.2), no factor, such as a 
particular preoperative risk factor, the indication for the procedure, or the 
specifics of the stenting procedure itself (length of lesion or number of 
stents required) gives a clear picture as to who would be likely to fail. More 
patients would have to be evaluated to clarify those cases in which stents 
may be more detrimental than beneficial. The four factors found by John
ston and coworkers to be predictive of PTA failures (indication, location, 
runoff, and stenosis versus occlusion)1 were not obvious predictive factors 
when stents were used in our small series. In a larger series evaluating the 
Palmaz stent, it was also commented that the influence of risk factors, 
runoff, and the nature of the lesion would be evaluated only after sufficient 
data became available.29 

Complications occurred in six (22.2%) of our patients. Four required 
aggressive intervention to correct the problem (14.8%). If all complica
tions are included, as it is in this study, 10% to 31 % of standard iliac PTA 
interventions will experience a complication.5,19,23 In our study 1.8% to 
6% required treatment of a more aggressive nature than merely observa
tion to alleviate the problem.19,23 Our rate of complications does not seem 
dramatically different from routine PTA interventions. With the larger 
sheath required and the need for multiple balloon exchanges, the require
ment for operative intervention to correct complications may actually be 
greater with stent placement than in a routine PTA series. It is too early to 
make a definite statement in this regard. One patient experienced two 
complications-the arteriovenous fistula and the hematoma requiring a 
two-unit transfusion. This patient is a small female with a common femoral 
artery approximately 5 mm in diameter and similar small iliac vessels 
(approximately 7 mm in diameter), which might partially explain why she 
experienced these problems. Surgical interventions in the aortoiliac system 
also report operative complications in the 4% to 30% range.30- 33 Major 
complications were reported in 9 to 13% of cases.31 ,32 The early results of 
stenting are not prohibitive based on this comparison but many suggest a 
higher rate of major complications. However, in a larger series of stent 
patients, the overall complication rate has decreased to 11.7% .29 

The two procedural deaths reflect both the systemic nature of our 
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patients' vascular disease, resulting in a myocardial infarction, and the 
risks of any arterial contrast injection, an allergic reaction. Obviously, no 
vascular intervention is without risk. The patient suffering a myocardial 
infarction did not have symptoms prior to intervention. The patient with 
the contrast reaction had no previous history of problems with allergic re
actions to radiologic contrast l:lgents. Obviously, the actual stent place
ment was not the cause of mortality in either case, but the decision to do 
the procedure in these patients does warrant the classification of a proce
dural mortality. Further experience will be required to determine if this 
8.3% risk is real or an overestimation of the procedural risk. Certainly, 
the ultimate procedural risk should be less than the reported 3 % surgical 
risk and <1% PTA risk for the correction of aortoiliac occlusive 
disease. 30-33,4,5,7 ,19 

The overall results demonstrate a definite clinical benefit (advancement to 
category 2 or 3) in patients at risk of 75%,58%, and 60% at 6,12, and 24 
months afterstent placement. These results in patients essentially failing PTA 
prior to stent placement are quite comparable to the 83%, 78%, and 74% 
success reported in a recent experience with iliac PTA. 5 It is also similar to the 
results of Johns tons' larger experience with PTA. 7 Itmay approach the results 
of some methods of surgical intervention, but the aortobifemoral graft still 
appears to be the "gold standard" for long-term patency. 31,32 

Conclusion 

This early experience with the Palmaz expandable intraluminal stent suggests 
that it can be valuable in salvaging PTA cases that might otherwise be initial 
failures. PTA-induced dissections, elastic recoil, and technically unsuccessful 
PTA attempts can be corrected with acceptable results. PTA restenosis may 
also be favorably addressed by the use of stents, but longer follow-up is 
required to fully clarify this issue. There is significant morbidity and mortality 
reported in this initial learning experience with stents. These problems may 
improve with experience and technological advances, but presently these 
factors must be considered in the overall risklbenefit decision for any given 
patient. In the final analysis only a larger experience and more extensive 
follow-up will solidify the role of the Palmaz stent in the treatment of iliac 
artery occlusive disease. 
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20 
Percutaneous Endovascular Therapy 
in a Surgeon's Practice 

FRANK J. CRIADO 

Percutaneous endovascular therapy will soon enter its third decade of clin
ical practice. Technological breakthroughs in catheter design and growing 
expertise and experience with endovascular manipulations have resulted in 
the advent of a new frontier in vascular therapy. Balloon angioplasty and, 
more recently, atherectomy, stenting and thrombolysis offer exciting 
alternatives to conventional reconstructive surgery in the treatment of 
occlusive vascular lesions. Acknowledged advantages include, mainly: a) 
percutaneous approach, b) use of local anesthesia, c) short hospital stay 
and lower cost, d) little if any postprocedure disability, and e) easy re
peatability. These characteristics no doubt have contributed much to the 
rapid acceptance and growth of interventional practices. On the other 
hand, it is paramount to realize that important limitations and dilemmas 
continue to exist, principally: 1) uncertain durability for some procedures 
and devices as a result of the lack of prolonged follow-up studies and prop
erly designed trials; 2) the problem of rethrombosis and restenosis which 
occur frequently, especially during the first 6 months following percu
taneous recanalization, and 3) uncertain clinical indications for the per
formance of these procedures. 

Interventional percutaneous procedures have been said to have the 
capability of either replacing or improving vascular reconstructive surgery 
in the treatment of arterial blockage. This is, in our judgement, a very 
common and significant misconception. By and large, catheter-based tech
nology is best at recanalizing or dilating mild discrete arterial plaques for 
which surgery would seldom be considered. When dealing with more ex
tensive occlusive lesions, the results both midterm and long-term are so 
poor that its application may not be warranted outside a trial setting. One 
additional consideration in this context relates to clinical indications for 
intervention: the mild/favorable lesions mentioned above are only infre
quently symptomatic enough to warrant invasive therapy. 

Surgeons' attitudes regarding interventional therapy have varied from 
complete condemnation and obstruction to healthy skepticism and cri
tique. The introduction of laser technology, especially the hot-tip device, 
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promoted other reactions and insecurities among some vascular surgeons. 
They feared that nonsurgical interventionists would impinge on their 
vascular practices as a growing number of cases would be recanalized per
cutaneously without surgery. Some of them took it one step further by 
acquiring a vascular laser and calling themselves interventionists. They had 
no clear understanding of the subspecialty and its requirements. Their fate 
and success rates were no different from those of the device itself. 

We are now in a better position to understand this whole scenario of 
endovascular therapy. While some of the procedures and devices may be 
unproven and marginally useful, it is clear the dedicated vascular surgeon 
of the future will not be able to afford ignoring current developments. 
Aside from the procedures designed to treat arterial stenoses and occlu
sion, there are many other disorders and methods about to be greatly 
influenced (or "overtaken") by catheter-based technology. Most promi
nently: aortic aneurysms, aortic dissections, intraluminal bypasses, and 
percutaneous clot management in acute and chronic situations, to name 
but a few. Ongoing experimentation and early applications promise to 
bring them into the clinical interventional arena over the next few years. 
The now-widespread acceptance of percutaneous insertion for IVC filters 
is another example of the continuing shift from the operating room to the 
angio suite and catheterization laboratory. 

Should vascular surgeons be concerned? Definitely! Unless we no longer 
feel excited about progress in vascular therapeutics, the inescapable con
clusion is that we must follow these developments very closely and serious
ly consider whether catheter technology should not be part of our 
armamentarium. When vascular surgeons ponder the wisdom and feasibil
ity of becoming interventionalists, they should focus on two major obsta
cles in this pursuit: 

1. The lack of catheter skills and training. This is a difficult art which can
not be learned in a 2-day tutorial. It involves much observation and 
practice. The ideal solution would be the incorporation of catheter skills 
training into residency and fellowship programs. This will obviously 
take many years to become reality. 

2. The lack of adequate x-ray/angiographie capabilities in the O.R. 
Surgeons are taking a long time to see that present-day vascular therapy 
and surgery require the kind of finesse and procedural imaging capabili
ties our nonsurgical colleagues have enjoyed for years. Our own solu
tion was the installation of a unique dedicated system consisting of a 
ceiling-mounted C-arm and special carbon-fiber operating table (Inter
national Surgical Systems, Phoenix, Arizona). The creation of a cohe
sive team (which should include an experienced angioradiologic techni
cian) is the final significant component leading to maximal efficiency and 
capability. 

Percutaneous endovascular therapy constitutes approximately 18% of 
our current practice with lower extremity occlusive disease. Superficial 
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FiGURE 20.1. Endovascular Suite (by International Surgical Systems, Inc., 
Phoenix, Arizona). 

femoral/popliteal artery procedures are 65% of the total. Eight percent are 
tibial/peroneal, and this is the subset which continues to grow the most. 
Sixty-five percent of the lesions are stenotic. Initial success rate is over 
90%, but our incidence of restenosis/reocclusion overall is 32% at 6 
months. Complications are mostly access-related, with groin hematoma 
leading the group at 20%; only 1% of these require surgical evacuation, 
though. These two figures of initial success and complication rates are cri
tical parameters to gauge one's performance with percutaneous therapy. 
Balloon angioplasty, with or without stent, and directional (Simpson) 
atherectomy are employed in the majority of instances. Catheter throm
bolysis with urokinase as primary therapy, adjunctive to other methods or 
to treat complications, is an increasingly utilized method. 

Catheter interventional capabilities have also been found to be impor
tant in the areas of percutaneous IVC filter insertions and venous access for 
hemodialysis and other purposes. Furthermore, the availability of high
quality angiography in the vascular surgical suite has been extremely 
advantageous for the performance of exacting and rapid completion 
angiography in cases of distal vein bypasses. 

In conclusion, percutaneous endovascular therapy and the required 
catheter and imaging capabilities are likely to be prominent in the 
armamentarium of the vascular surgeon of the future. Proper training, de
dication, team approach, and adequate case load are paramount in attain
ing success in this subspecialty. The vascular O. R. of tomorrow will resem
ble a catheterization laboratory as vascular surgeons and angiologists 
become more sophisticated and skilled. 



21 
Strategies and Techniques for 
Peripheral Laser Angioplasty: 1991 

EDWARD B. DIETHRICH 

Introduction 

As we enter the fifth year of clinically applied peripheral laser angioplasty, 
we can no longer deny the impact on vascular surgery generated by de
velopment of this intraluminal technique and its analogs. Indeed, en
dovascular technology has grown at such an astounding pace in recent 
years that vascular surgeons now have access to an array of new percu
taneous and/or intraoperative devices that can facilitate treatment of 
vascular occlusive disease. 

As this interventional armamentarium was developing in the late '80s, it 
became incumbent upon vascular surgeons to acquire the requisite ancil
lary skills (e.g., percutaneous access techniques, intraoperative arterio
graphy) for effective use of this instrumentation.1-6 Now, with a variety 
of interventional devices in clinical use and our increased knowledge of 
plaque morphology, lesion characterization, individual device efficacy, 
procedural assessment, and adverse sequelae, the decision process for 
treatment selection has become far more complex than it was just 18 
months ago. 

Today, the vascular surgeon can evaluate atherosclerotic disease with 
greatly enhanced accuracy, deriving far more specific information about an 
obstruction than was ever required for classical vascular reconstruction. 
Options for treating this disease have expanded from the old progressive 
triad of exercise, medication, and bypass surgery, to include primary ther
apy using balloon dilation, laser angioplasty, thrombolytic therapy, 
atherectomy, and stents, most with several devices from which to select. 

All these options and a more complex diagnostic database require co
ordination if these new resources are to be used to their fullest advantage 
for maximum revascularization. Strategies for selecting endovascular in
terventions are coming to the fore as a vital component of vascular disease 
treatment. 

As a contribution to this new phase in endovascular surgery's evolution, 
this chapter will not only review in detail current techniques for peripheral 

240 
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laser-assisted angioplasty, but also provide strategies for synchronous use 
of other marketed and emerging interventional therapies, basing selection 
on lesion pathology and anticipated outcome. 

Vascular Laser Therapy in 1991: An Overview 

When intraluminal recanalization was brought into prominence in the late 
'70s by Gruentzig's coronary balloon catheter,7 it seemed only logical to 
many investigators that laser energy delivered through a similar intra
luminal apparatus could become the endovascular "scalpel" of the future, 
elegantly and selectively removing unwanted tissue rather than merely 
compressing it. Beguiled by the appeal of this "magic wand" concept, re
searchers raced to overcome the complications plaguing direct laser irra
diation. Their impatience led to the premature promotion of "hot-tip" 
technology as a viable and safe recanalization technique. 

Unfortunately, this initial enthusiasm for laser angioplasty waned as it 
became obvious that thermal technology could not meet clinical 
expectations.8 ,9 Although the procedural success rate for the hot-tip probe 
in the peripheral system was acceptable (about 79% in most series), suspi
cions regarding thermal injury potential and disappointing mid- and long
term recurrence rates reopened the original developmental course toward 
direct laser application and the goal of precise plaque ablation. 

Today, our peripheral laser angioplasty program bears little resemblance 
to the one we inaugurated four years ago.1°- 12 At that time we were con
cerned with establishing clinical efficacy, so all symptomatic patients with 
documented significant atherosclerotic lesions in the lower extremities 
were offered laser angioplasty as initial therapy. 

Now, we still provide our patients with the advantages of less-invasive 
endovascular technology, but each lesion is better assessed than ever be
fore with duplex scanning, intravascular ultrasound (IVUS) and/or angio
scopy. By more accurately defining the pathology, we can select from an 
array of intraluminal techniques and devices to use as sole endovascular 
therapy or as an adjunct to classical revascularization techniques, a distinct 
advantage for the vascular surgeon. 

At present, there are many instances in which lasers are recognized to be 
of little benefit and, in some circumstances, even deleterious. The infra
popliteal arteries, for example, showed such a high rate of recurrence after 
laser-assisted angioplasty with the thermal system that for some time lasing 
of these smaller arteries was abandoned. A new protocol has been estab
lished utilizing small over-the-wire catheters powered either by excimer or 
holmium lasers, and our early results have been encouraging. 

Stenoses in general do not benefit greatly from laser application with the 
current technology. In large arteries particularly, the small catheters 
(greatest diameter now available is 3 mm) produce little ablative effect 
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FIGURE 21.1. In large-bore arteries, even the largest 3.0 mm laser catheter passed 
coaxially cannot ablate a significant volume of atheromatous material. 

(Fig. 21.1) . In the presence of dense calcium, de bulking is further inhibited 
and the procedural failure rate is extremely high. Currently, there is no 
laser under clinical investigation that is effective in all calcified lesions, to 
my knowledge. 

Lesion contour is also a significant confounding factor in laser therapy. If 
a stenosis is eccentric along most of its course, the probe will quite often 
slide over the plaque, going up and down like a roller coaster within the 
artery, reducing its contact with the plaque and its ablative efficiency (Fig. 
21.2) . 

Even in concentric lesions, there is a certain amount of Dottering evi
dent with all laser catheters, which contributes to the "angioplasty effect" 
and reduces ablation. This failure to remove significant portions of ather
osclerotic material continues as one of the main drawbacks to laser angio
plasty, despite the introduction of new and more powerful laser sources. 

It is in the occluded arteries that today's laser technology is most effec
tive, recanalizing wire-resistant lesions and reducing the volume of athero
matous material to some degree. However, suboptimal ablation is still a 
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FIGURE 21.2. Lesion contour can affect laser efficiency. If a lesion is eccentric along 
most of its course, a probe will quite often slide over the lesion, going up and down 
like a roller coaster within the artery , reducing contact with the plaque and ablative 
efficiency. 

FIGURE 21.3. When a probe encounters an occlusion, it seeks the path of least 
resistance, which is usually between the intima and media (A) , leaving the athero
sclerotic plaque untouched outside the dissection plane (B) . 
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problem. The initial mechanistic impression of ablation in this pathology 
was the laser probe meeting the plaque perpendicularly to maintain a 
coaxial alignment through the lesion. In reality, as soon as most probes 
encounter plaque, they seek the path of least resistance, deviating into a 
newly formed dissection plane. Most frequently, this aberrant path lies 
between the intima and media, leaving the atherosclerotic plaque un
touched outside the dissection plane (Fig. 21.3). 

This deviation does not necessarily portend a negative procedural result, 
inasmuch as luminal reentry may be achieved distal to the lesion. How
ever, it is obvious that if the majority of atherosclerotic material remains 
intact along a dissection plane, then the opportunity for reocclusion is sig
nificant. 

Although lasers at their current level of development no longer dom
inate our endovascular surgery program, their use and integration with 
other recanalization techniques can now be delineated more precisely in a 
treatment strategy that derives from plaque morphology. 

Despite this new emphasis on selection strategies, however, we cannot 
forget the importance of proper technique and superior radiographic and 
ancillary equipment. Without these foundations, endovascular surgery 
cannot reach its full potential. 

The Endovascular Treatment Suite 

While there are many factors that can adversely impact the technical quali
ty of vascular recanalization with any of today's intraluminal devices, poor 
quality or inadequate intraprocedural imaging is probably the most sig
nificant. 

I have made this statement time and again, but the message is vital. 
Visualization of the pathology in a completely unobstructed manner is cri
tical in the selection of appropriate interventions, their safe performance, 
and their assessment. This sophisticated monitoring can be achieved only 
with the high resolution radiographic equipment available in some newer 
radiologic suites and cardiac catheterization laboratories, although even 
many of these do not lend themselves readily to our latest interventions. 

Surgical theaters are usually devoid of this equipment, and it is impera
tive that they be updated if endovascular therapies are to be used. The 
Arizona Heart Institute's endovascular operating suites at Humana 
Hospital-Phoenix have gone through an evolutionary developmental 
phase, being specially designed and constructed to accommodate today's 
state-of-the-art vascular intervention and imaging instrumentation. These 
theaters now represent some of the world's most advanced technology. 

The primary components of the vascular laser operating theater center 
around intraoperative arteriography. The ceiling-mounted surgical C-arm 
roentgenographic unit (ISS-2000 Plus Intraoperative Imaging System, In-
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FIGURE 21.4. A ceiling-mounted surgical C-arm roentgenographic unit with image 
enhancer and a nonmetallic, carbon fiber surgical table are vital components of 
today's vascular intervention surgical suite. The table, supported by a telescoping 
pedestal at one end, provides complete clearance beneath for the mobile C-arm 
and allows vertical travel from 28 to 48 inches, 20° side-to-side roll, and 20° Tren
delenburg tilt (standard and reverse). Monitor screens are conveniently mounted 
for easy visibility. 

ternational Surgical Systems, Phoenix, AZ) with image enhancer is inte
grated with a 3/4" videotape recorder and monitor for contrast injection 
visualization. A second monitor with an Eigen disk is also used to provide 
still images of selected arteriographic segments, facilitating "roadmap
ping," or real-time subtraction, a tool essential to complex angioplasty pro
cedures. For hard-copy documentation, Polaroid film packs with adaptors 
may be integrated with the radiographic equipment. 

To optimize the usefulness of radiographic equipment in vascular laser 
procedures, a new nonmetallic, carbon fiber surgical table (International 
Surgical Systems) has been developed especially for these techniques. This 
thin but highly stable table is supported at only one end to provide com
plete clearance beneath for a panning x-ray system (Fig. 21.4). Its telescop
ing pedestal allows vertical travel from 28 to 48 inches, 20° side-to-side roll, 
and 20° Trendelenburg tilt (standard and reverse). The table itself can be 
removed from the pedestal for exchange with other types of table tops. 
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A metric ruler (USA XRAY) is used to quantify and designate lesions. 
Placed on the table beneath the patient's pelvis, it is calibrated from the 
level of the umbilicus to provide these reference measurements. 

As an important aside, I cannot stress enough how crucial are the 
ceiling-mounted C-arm and the metal-free operating table. In my visits to 
OR suites around the world, I have observed procedures being performed 
with portable fluoroscopic units and regular OR tables whose metal con
tent interferes with imaging quality. Optimum results simply cannot be 
obtained using inferior equipment no matter how talented the surgeon or 
interventionist. 

Standard monitoring equipment must also be available for electrocar
diography and systemic arterial pressure measurements and differentials. 
In addition, it is now mandatory to have both percutaneous and intra
operative angioscopy available for direct visualization of lesion pathology 
and procedural progress. 13 Disposable angioscopes in sizes ranging from 
1.5 mm to 3.0 mm can be connected to high-quality medical, video color 
monitors with hardcopy documentation available through video recorders. 

A variety of irrigating systems are available to provide computer
assisted, pulsed irrigation and image storage for maximum visibility with 
minimal flush volume. In most systems, heparinized saline is delivered 
under pressure at preset pulse durations on demand via a foot pedal. Syn
chronization of the flushing with image capture for the digitized output 
allows both freeze-frame and real-time imaging. 

To assist in obtaining a clear field of observation, blood flow must be 
inhibited as much as possible. Vascular clamps control proximal flow dur
ing intraoperative angioscopy. In percutaneous cases, the sheath is sized as 
near as possible to the artery's diameter to provide adequate proximal con
trol, but manual compression of the common femoral or external iliac 
artery is sometimes necessary (Fig. 21.5). Retrograde flow in either case is 
reduced by a pressure cuff placed below the knee and inflated during 
periods of observation. 

The importance of ultrasound imaging cannot be underestimated in to
day's vascular procedures. Preoperatively, duplex scanning provides good 
quantification of a lesion, its characteristics, and the impact on flow. These 
ultrasound studies of plaque morphology are becoming ever more impor
tant in the selection of an appropriate interventional device. For example, 
if dense calcium is present, the lesion may not be amenable to laser therapy 
at all. 

Intraprocedurally, intravascular ultrasound scanning (IVUS) is invalu
able for both preprocedural evaluation and post-interventional assess
ment. 14,15 It can detect flaps and dissections missed by fluoroscopy and 
dictate the implantation of a stent or the need for atherectomy. Further, 
it provides far better poststenting evaluation than does arteriography. 16 

Very soon, three-dimensional reconstructions of serial IVUS images will 
be a regular part of our ultrasound technology, further enhancing our 
assessment capabilities. 
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FIGURE 21.5. Clear viewing fields for angioscopy can be maintained by combining a 
pulsed infusion system with pressure control of proximal and distal collateral blood 
flow. For percutaneous angioscopy, manual compression on the common femoral 
or external iliac artery (A) helps control inflow with a sheath sized to approximate 
the vessel's diameter (B). A below-knee pressure cuff (C) is inflated during 
observation periods to inhibit retrograde flow. 

At this time, our laser program uses the pulsed, near-infrared hol
mium: Y AG system (Trimedyne, Inc., Tustin, CA) and the newly mar
keted hybrid probe design, the 2.5 mm Spectraprobe-50 (Trimedyne). 

The Spectraprobe-50, with its conically-shaped metal tip fitted to a 600 
micron fiber similar to earlier models, has a 0.9 mm aperture that emits 
approximately 50% of the laser energy so that it achieves a maximum 
temperature of only 85°C when operated within recommended limits (3 .6 
J/pulse at 10 Hz). With a maximum energy density of 4000 mJ/mm2, the 
Spectraprobe is highly effective in crossing occlusions resistant to standard 
guidewire passage. Furthermore, the probe can be more coaxially aligned, 
partially owing to special fluoroscopic guidance systems and newer guiding 
catheter techniques, making it more advantageous than wire-dissected 
planes. 

A new generation of hollow fiber catheter, the Halocath (Trimedyne), is 
being evaluated for use in larger arteries and stenoses. It features a fused 
quartz lens that distributes 100% of the holmium laser energy to create a 
path greater than the 3.0 mm diameter of the probe. While the design 
retains the central 0.035/1 guidewire channel, the lens configuration reduces 
the number of fibers in the bundle, increasing flexibility. 

We are also investigating a pulsed ultraviolet excimer (308 nm) system 
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(CVX-300, Spectranetics, Colorado Springs, CO) for the infrapopliteal 
arteries. The blunt-tipped excimer catheters are available in 1.4 mm 
(45 x 100 micron fiber bundle) and 1.7 mm (13 x 200 micron fibers) ver
sions that track over a 0.014" guidewire. Several modifications of this 
catheter design are expected within the year. 

Patient Evaluation 

A vascular work-up for patients with activity-inhibiting claudication is con
tained within a comprehensive cardiovascular examination to determine 
risk factors and disclose latent, concomitant occlusive disease. 

A lower limb arterial Doppler examination with exercise (unless con
traindicated) is used to determine the baseline ankle/brachial index (ABI) 
and identify the likely location of the vascular compromise through seg
mental pressure readings. 

The hemodynamic impact of many lower limb lesions cannot be properly 
evaluated from these simple tests, however. New magnetic resonance 
(MR) blood flow scanning provides a rapid, noninvasive method for ascer
taining blood flow impairment. Alternately, for lesions in the femoral or 
distal circulation, color flow Doppler or duplex scanning may also be used 
to estimate the hemodynamic significance of lesions and determine plaque 
morphology. 

Arteriography continues to be the accepted standard for lesion charac
terization prior to treatment. However, a combination of all these lesion 
and flow assessment tests can provide sufficient diagnostic information to 
defer the requisite preprocedural contrast arteriogram until the time of 
interventional treatment in many cases. 

Overview of Laser Applications and Alternate Therapies 

Because the dynamic nature of laser technology persists, criteria for selec
tion of an appropriate laser or ancillary intervention must remain flexible 
at this point to absorb enhancements and new devices. However, our ex
perience has given us sufficient data on which to base strategies for disease 
treatment based on lesion location, plaque morphology, and device capa
bilities. 

In the iliac system, today's laser technology works very well in occlu
sions, particularly those that cannot be traversed retrograde with a wire. 
Alternately, a trans aortic approach, as described below, can facilitate wire 
passage and guide antegrade lasing in amenable occlusions. However, 
because the size of the largest marketed probe (2.5 mm) is significantly 
smaller than iliac artery diameter, only minimal tissue can be ablated 
to debulk the lesion. This "suboptimal ablation" is also the reason why 
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stenoses in the iliac system really do not warrant laser therapy with cur
rent technology unless they are concentric and very tight. 

Furthermore, this inadequate ablation dictates that iliac lesions must 
always be dilated to achieve maximum luminal area, since atherectomy 
offers little additional ablative assistance, again due to the small size of the 
device. Once dilatation has been judged adequate by pressure gradient 
obliteration, contrast imaging, and IVUS scanning, stenting is highly rec
ommended. In fact, we always use an intravascular stent in occluded iliac 
arteries (discussed in detail later). With the significant amount of atheros
clerotic material remaining and the great likelihood of an irregular, debris
laden intima, iliac occlusions demonstrate a greater propensity toward 
reocclusion than do stenoses. Stenting is at present the only means to 
achieve long-term patency for this type of lesion, and it is strongly recom
mended for stenoses as well to ensure adequate proximal inflow. 

In the superficial femoral artery (SF A), occlusions also enjoy a high rate 
of initial recanalization success with the 2.5 mm Spectraprobe, but in
adequate ablative volume persists here, too, owing to the small 0.9 mm 
aperture. The 3.0 mm Halocath, with its larger effective lasing path, has 
proven more satisfactory in preliminary use, but longer follow-up must be 
accumulated before conclusions can be drawn. 

Lengthy SFA occlusions (>7 cm) demonstrate a challenge for laser ther
apy. Calcium deposits may cause deviation of the probe, creating a neolu
men that may at times coincide with the true lumen. This irregular channel 
leaves significant portions of plaque which the balloon must later deform. 

Many SFA occlusions may respond well to some form of rotational 
atherectomy, either with the unguided Theratek (Kensey) catheters (Dow 
Corning Wright, Arlington, TN) or the wire-guided versions, such as the 
Transluminal Extraction Catheter (TEC, Interventional Technologies, San 
Diego, CA) and Rotablators (Heart Technology, Bellevue, WA). Data 
regarding long-term follow-up on these techniques is not yet available, 
however. 

SFA stenoses, particularly eccentric ones, may suffer a similar fate be
cause the wire cannot guide the effective lasing surface of the catheter into 
maximum contact with the lesion. For eccentric lesions, directional 
atherectomy with the Simpson Atherocath (Peripheral Systems Group, 
Mountain View, CA) may be able to ablate more tissue than current laser 
catheters. However, the amount of tissue excised appears insufficient to 
most surgeons accustomed to endarterectomy specimens. 

In the distal vessels, lasers have traditionally performed satisfactorily 
only in the popliteal artery. The smaller trifurcation vessels require precise 
laser control to avoid arterial injury; the coronary-sized probes powered by 
the excimer laser (under investigation) seem to work well for stenoses. 
However, dilation remains the mainstay of treatment in the infrapopliteal 
area. 

Under some circumstances, the use of a thrombolytic agent prior to laser 
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angioplasty can be helpful. If a thrombus superimposed on an atheros
clerotic plaque is suggested by either clinical symptoms, angiographic 
findings, or angioscopy, then clot lysis can often facilitate guidewire pas
sage across the lesion for laser and balloon angioplasty. This sequence can 
be used in the iliac, SFA, and popliteal/trifurcation arterial distributions. 

In the iliac area, either transaortic or axillary antegrade infusion of the 
thrombolytic agent is effective. For SFA and popliteal lesions, lytic therapy 
can be initiated through contralateral access or antegrade femoral artery 
cannulation with a small 4-5 Fr catheter or sheath. Percutaneous angio
scopy can be used to monitor progress of the treatment. 

Our current protocol calls for the intraarterial infusion of 250,000 units 
of urokinase followed by drip infusion at 40,000-100,000 unitslhour. The 
partial thromboplastin time is maintained in the 40-90 second range with a 
concomitant heparin drip (800-1,200 unit/hour after a 1,000-3,000 unit 
bolus). Infusions up to 48 hours have been used with this regimen followed 
by successful laser-assisted angioplasty. 

Basic Laser Angioplasty Techniques 

Patient Preparation 
Patients selected for laser angioplasty are started on 325 mglday of aspirin 
and 75 mg dipyridamole tid 24 hours before surgery. Inasmuch as the 
majority of these patients are scheduled for same-day admission, the stan
dard preoperative work-up required for hospitalization is done in advance. 

Epidural block is our preferred form of anesthesia for laser-assisted pro
cedures regardless of the entry technique. This mode of anesthesia has 
several advantages over local or general methods, and it produces a pro
found sympathetic response that eliminates to a great extent the vasospasm 
observed with local anesthesia. If epidural block is contraindicated (pa
tients with previous spinal operations or in whom a thrombolytic agent will 
be used), local or, more rarely, general anesthesia may be employed. 

Approach Selection Criteria 
The approach is determined by location of the lesions and necessity for 
exposure of the common femoral artery (CFA). In general, the open tech
nique is required for approach to the iliac, common femoral, profunda 
femoris, and superficial femoral arteries in instances of: 1) complete occlu
sion of the common or external iliac artery (with absent femoral pulse) if 
percutaneous needle insertion is not possible; 2) extensive atherosclerotic 
disease preventing introduction of the sheath at the site of percutaneous 
entry; 3) common femoral or profunda femoris lesions in conjunction with 
SFA occlusion and stenoses; or 4) situations requiring femoral-femoral 
bypass grafting (i.e., one iliac artery can be successfully lased, but the 
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occluded contralateral artery is resistant to laserlballoon dilation). Pop
liteal lesions need open access only when the route through the proximal 
SFA is occluded. We prefer the percutaneous approach because of its sim
plicity and freedom from incision-related complications, but we have found 
the surgical route necessary in about 20% of our cases. 

We have found that in treating bilateral SFA disease, staging these pro
cedures is preferable, doing each limb on successive days with the epidural 
catheter left in place while the patient stays in the intensive care unit for 
circulatory observation. 

Iliac Artery Access Techniques 
For percutaneous access to suitable iliac lesions, the standard retrograde 
approach begins with an IS-gauge Potts-Cournard or Argon needle with 
obturator (USCI-Bard, Billerica, MA) inserted cephalad in the CFA. A 
#9 or #10 Fr sheath (Cordis, Miami, FL) is likewise inserted retrograde 
from the CF A into the external iliac artery. A pressure line is attached 
to the sheath's side port to monitor femoral-radial pressure differential 
(elimination of any pressure gradient is an important determinant of suc
cessful iliac recanalization). Once sheath placement is confirmed with con
trast, 2500-5000 units of heparin (depending on patient size) are given 
intravenously. 

A 0.035" (150 or 240 cm length) hydrophilic wire (Glidewire, Medi-tech, 
Watertown, MA) is then passed into the aorta to guide laser catheter de
livery (holmium-powered Spectraprobe or Halocath). If an iliac occlusion 
cannot be traversed retrograde with a wire, it can be very successfully re
canalized with the Spectraprobe, often using a 10 Fr Superflow guiding 
catheter (Schneider, Minneapolis, MN) and roadmapping to enhance las
ing success. 

On the other hand, transaortic wire passage is an option that should not 
be overlooked in those situations where retrograde crossing of the iliac 
lesion is difficult. A contralateral wire can be directed across the aortic 
bifurcation using a standard internal mammary, artery-guiding catheter. 
Often the wire will cross into the contralateral external iliac artery, and it 
can be delivered into the percutaneous sheath either directly or with the 
aid of biopsy forceps. Once a wire is thus positioned, antegrade recanaliza
tion with the laser and balloon can be easily accomplished. 

SF A and Distal Arterial Access Techniques 
Percutaneous access to the superficial femoral, popliteal and trifurcation 
arteries using an antegrade femoral approach commences with the IS-gauge 
Potts-Cournard or Argon needle inserted antegrade into the CF A. This 
guides the 0.035" Glidewire, which is passed as far distally as possible 
under fluoroscopic control. With the needle withdrawn, an appropriately 
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sized (#5-9 Fr) introducer with sheath is positioned ante grade in the CFA 
and proximal SF A. (Sheaths are used in cases of surgical access as well to 
control introduction of the laser probe, guidewire or balloon.) Once sheath 
placement is confirmed with contrast, 2500-5000 units of heparin (depend
ing on patient size) are given intravenously. Over-the-wire treatment can 
then commence with the Spectraprobe. 

Surgical Access 
If lesion pathology as outlined above dictates an open approach, a vertical 
incision is made to expose the CF A from the inguinal ligament distally to 
its bifurcation into the origin of the profunda femoris artery and the prox
imal SFA. After heparin administration, the common femoral and pro
funda femoris arteries are clamped. In the open technique, there is often 
no need to clamp the SF A since it is generally occluded at its origin. 

With the arteries crossclamped, an arteriotomy is made in the CF A for 
introduction of the sheath and laser probe. The incision is extended approx
imately 3 mm into the SF A. If a significant obstruction exists in either the 
profunda femoris or common femoral arteries, a classical endarterectomy 
is performed, intentionally terminating near the origin of the SF A. 

If the SF A is obstructed at the incision site, the Spectraprobe-50 is intro
duced into the atherosclerotic plaque and passed distally to create a 2-4 cm 
channel in the SF A. The catheter sheath is then inserted through the arte
riotomy; a small bolus of contrast material is injected through the sheath 
to confirm its location and identify any potential pathway for the probe 
through the distal arterial obstruction. With the entry site thus prepared, 
the procedure continues as described for the percutaneous approach. 

When dealing with a flush occlusion of the SF A, it is important to deter
mine if a flap of atherosclerotic plaque has been created by the probe at the 
proximal aspect of the artery. In accessing the severely diseased SF A, the 
probe has a tendency to deviate posteriorly from the coaxial plane, leaving 
residual plaque on the anterior wall at the site of the incision (Fig. 21.6). If 
this flap is left untreated, the reestablished blood flow will dissect this area 
causing the proximal artery to reocclude. 

To prevent this problem, the flap must be tacked up using the boat-dock 
technique (Fig 21.7) prior to closing the arteriotomy. A piece of knitted 
Dacron graft material (Sauvage) is cut the length of the arteriotomy. The 
residual atherosclerotic plaque at the proximal SF A is secured anteriorly 
against the artery wall with 5-0 prolene suture. The Dacron patch is then 
sutured to the secured plaque as if a boat were being moored into dock. 
When completed, the atherosclerotic plaque, like a pennant on the bow, is 
fixed in position. Just prior to completing the suture line, the clamp in the 
SF A is relased and retrograde flow from the newly created posterior chan
nel can be observed. Attention to these details is extremely important to 
assure success in treating disease at the origin of the SFA. 
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FIGURE 21.6. In the surgical approach to severe superficial femoral artery lesions, 
the probe encounters the plaque in the coaxial plane (A). However, posterior de
viation (B) of the probe creates an anterior atherosclerotic flap that, if unrepaired, 
can compromise circulation and cause restenosis (C). 

The open approach is completed without reversal of the heparinization, 
and a Jackson-Pratt drain is placed along the incision base. 

Retrograde Approach 
When the SF A origin is occluded but a long segment of popliteal artery is 
open above the knee, it is possible to use a retrograde popliteal approach 
to open the entire length of the occluded SFA. 

The procedure, in which both the Glidewire and Spectraprobe work 
well, is begun with the patient in a supine position. A 5 Fr obturator is 
introduced percutaneously into the CF A in an antegrade fashion. The 
obturator glides into the profunda femoris artery because the SFA is block
ed. Its position is confirmed with a bolus of contrast material. The obtu
rator is secured to the skin with a suture, and a three-way stopcock and 
long venous tubing are connected to the obturator. 

The patient is then rolled into the prone position, and the popliteal space 
is prepped and draped. The fluoroscopic unit is centered directly over the 
popliteal area. Contrast is injected through the proximal obturator, and as 
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FIGURE 21.7. The "boat-dock" procedure for anterior flap repair begins (A) with a 
knitted Dacron patch sized to fit the arteriotomy. With the flap secured anteriorly 
against the artery wall with 5-0 prolene suture, the patch is moved into position 
over the arteriotomy as if a boat were being moored to dock. The graft is sutured in 
place (B) , exteriorizing the flap material to leave it dangling like a pennant on the 
boat. 

the open segment of the popliteal artery is visualized, the I8-gauge Potts
Cournard needle is inserted. Once entry is confirmed, a guidewire is passed 
into the artery for sheath insertion. Retrograde lasing and balloon dilation 
are performed as in the antegrade approach, with pressure gradients mea
sured through the popliteal sheath . If a gradient persists, it indicates that a 
proximal flap is present, usually at the origin of the occluded SF A. The 
patient should then be turned over to perform the boat-dock procedure 
(see Fig. 21.7) at the proximal access site. Alternately, if an open repair as 
described above is undesirable, a proximal intraluminal stent may be in
serted or atherectomy can be performed at the proximal flap area. We have 
no experience with these techniques at this time, however. 

Dilation 
For post-lasing dilation (still necessary except in the few instances in which 
larger probes may adequately open the artery), a variety of balloon cathe
ters are employed, depending on the nature of the lesions. In superficial 
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femoral (SFA) and popliteal arteries, the most frequently used balloons 
range from 4-6 mm in diameter by 4-10 cm in length (Ultrathin and Blue
Max, Medi-tech, Inc.); iliac arteries require 8 or 10 mm by 8 cm models. 

For infrapopliteal and distal branches, there is a new generation of Sub-4 
small vessel balloons to facilitate dilation. These 3.8 Fr catheters are 
coated with the same hydrophilic material as the Glidewire to reduce 
friction. 

Balloon expansion can be facilitated with either of two inflation devices, 
the Indeflator Plus 20 (ACS, Mountain View, CA) or the Intelliflator 
(Merit Medical Systems, Salt Lake City, UT). Dilation is performed in 30 
to 60 second intervals at atmospheric pressures ranging from 6-17, de
pending on the balloon characteristics and nature of the lesion. 

Procedural Assessment 
I cannot emphasize enough the importance of pressure gradient monitor
ing and today's newer assessment tools as complements to the control 
arteriogram. Since angioplasty began, the completion arteriogram or 
fluoroscopy with contrast have served as the assessment gold standard. A 
cosmetically acceptable image has reassured the operator of a satisfactory 
recanalization. 

However, our angioscopic evaluations after successful laser recanaliza
tion have given us direct evidence that postprocedure completion arterio
grams significantly overrate success of the procedure. 

This critical discrepancy between the angiographic picture and the actual 
condition of the artery represents what we call the "spoof factor" -a situa
tion in which the operator has been deceived or fooledP Once the spoof 
factor is acknowledged, it is much easier to understand the recurrence seen 
in longitudinal studies. 

Clearly, we need to use more accurate endoscopic assessment methods 
that are being developed. Angioscopy allows direct visualization but lacks 
quantitative capabilities, with limited applicability at present in the larger 
iliac arteries. IVUS scans, on the other hand, offer a reproducible means of 
measuring luminal diameters in both large- and small-bore arteries. Addi
tionally, intravascular ultrasound provides a great deal of information that 
augments standard imaging techniques, such as arterial wall composition, 
nature and configuration of plaques, identification of dissection planes, and 
integrity of stents and degree of tissue growth within the struts. 

Intraluminal Stent Implantation18 

Today's implantable prosthetic stent designs fall into three main categ
ories: thermally expandable coils made of nitinol; spring-loaded, self
expanding tubular stents composed of either stainless steel or polyester; or 
metal coils, loops, and cylinders positioned and expanded by a balloon. 
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FIGURE 21.8. The Palmaz balloon-expandable tube stent, when expanded, demon
strates the diamond pattern assumed by the steel struts to maintain luminal in
tegrity. 

The balloon-expandable devices appear at present to be the most easily, 
reliably, and securely implante~. 

The Palmaz balloon-expandable stent (Johnson & Johnson, Warren, 
NJ) for peripheral vessels is a stainless steel tube designed with multiple 
rows of staggered rectangular slots that assume a diamond shape when 
expanded, reducing to 10% the amount of metal in contact with the lumin
al surface (Fig. 21.8). 

As used in the iliac system (currently the only FDA-approved site), the 3 
mm by 3 cm stent is 0.015 mm thick and is expanded to a ratio of 6: 1 by an 
8 mm by 3 cm balloon (PE Plus II, Cordis) delivered through a 9.0 Fr 
Pinnacle sheath (Terumo) over an Amplatz 0.035" super stiff wire (Medi
tech). 

The Strecker stent (Medi-tech) is a tubular stent of knitted tantalum wire 
0.1 mm in diameter. It is radially and longitudinally flexible and somewhat 
elastic. It becomes up to 3 cm long when deployed and comes in sizes 
ranging from 5-8 mm that are expanded by 5 Fr balloons delivered through 
8 or 9 Fr sheaths. This stent's flexibility makes it particularly useful for 
delivery through curved arteries and in vessels subject to flexion from ad
jacent joints or structures, such as the common femoral and popliteal 
arteries. (Currently, this stent is undergoing clinical investigation in the 
U .S.) 

Stents have become a prime component in the battle to overcome res
tenosis, which occurs at a rate of 30% or more in all angioplasties regard
less of intervention method. We use them routinely in all iliac occlusions, 
and now in any iliac stenoses that demonstrate abnormal dilation charac
teristics (e.g., resistance, recoil) or dilation failure (e.g., persistent filling 
defect, dissection, thrombosis, or occlusion). 
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Indications for stenting are expanding to match progress in vascular in
tervention. In addition to coronary and renal arteries, stents are being in
vestigated in the abdominal aorta, pulmonary artery, superficial femoral 
and popliteal arteries, and for treatment of aneurysms and stenosis in 
arteriovenous shunts. In due course, these additional applications may 
prove as successful in maintaining blood flow as the original iliac applica
tion. 

IVUS imaging and 3-dimensional arterial reconstructions are particular
ly valuable tools both in selecting stents as a therapy and the assessment of 
implantation. Because intraoperative arteriography is notably deficient in 
certain areas of post-angioplasty evaluation, IVUS imaging as outlined 
above provides an intraarterial view with quantifiable cross-sectional 
parameters that can be used to verify adequate deployment and assess 
long-term patency in follow-up examinations. 

Once the decision to use one or more stents has been made, a sheath 
with hemostatic valve is inserted and passed across the stenosis. The stent 
is then threaded through the sheath (Fig. 21.9A) and advanced to the 
lesion with the sheath withdrawn for final positioning. Freeze-frame con
trast injection images and roadmapping assure exact stent placement. 

FIGURE 21.9. (A) The preloaded Palmaz stent is positioned at the target site. The 
sheath is withdrawn (B), and the balloon is inflated (C) to implant the stent per
manently on the arterial wall (D). 
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The balloon is inflated at 8-12 atmospheres to expand the stent (Fig. 
21.9B). Residual irregularity or stenosis on either side of the stent may be 
treated by inflating the same balloon or, if indicated, the next larger size. 
Multiple stents may be overlapped 5-8 mm along the lesion's entire length. 

To complement the pressure gradient eradication that signals a success
ful hemodynamic result, either lVUS imaging or angioscopy should be 
used routinely following stent placement to ensure satisfactory expansion 
and integration with the arterial wall. 

Postoperative Care 
When a satisfactory laser-assisted angioplasty has been completed, the pa
tient is transferred to the ICU without reversal of heparin. The activated 
coagulation time (ACT) is allowed to return to less than 150 seconds be
fore the sheath is removed. 

The benefit of postprocedural heparinization has become controversial 
of late. We now use a 1000 unit/hr heparin IV drip (to maintain the ACT 
above 200 seconds) for 24-48 hours only in cases of complex or long 
lesions. Patients also continue their aspirin/dipyridamole therapy in the 
ICU. Ambulation is begun 12 hours after the procedure, provided there 
are no contraindications and recovery from anesthesia is complete. 

Following discharge, antiplatelet therapy (325 mg/day aspirin and 75 mg 
tid dipyridamole) is continued indefinitely. However, there have been 
some advantages postulated deriving from the use of warfarin during the 
healing process. To this end, we have added Coumadin to posttreatment 
drug regimen (to double the PTT) for six months in patients with complex 
lesions or reoperative cases. 

Postoperative evaluation and exercise arterial Doppler examination are 
performed within 10 days of intervention. The patient's progress is fol
lowed thereafter at six-month intervals by ABI unless return of symptoms 
or failure to improve warrants closer investigation. 

Complications19 

As our experience has grown, our incidence of adverse sequelae has di
minished. Today, groin hematoma is the most common complication of 
a percutaneous intervention. It can be minimized by careful attention to 
sheath removal technique that includes 30 minutes of pressure on the site 
after sheath extraction. 

Arterial damage related to laser devices has also lessened due to wire 
guidance and more controlled energy emission, but wire dissections per
sist. Among the three categories of arterial damage we employ, the most 
usual type of injury is Class I dissection in which the catheter or wire devi
ates from the normal lumen. This neolumen mayor may not rejoin the true 
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lumen, and the intimal flaps that are created may warrant stenting to pre
vent restenosis in the future. 

Less common Class II injuries involve perforation of the adventitia in 
which the puncture site seals on its own without operative intervention. 
The more serious Class III perforations, in which arterial damage must be 
repaired surgically, has occurred only once in our experience. 

Comments on the Future Direction of Laser Angioplasty 

The investigation of new laser sources and ways in which to properly chan
nel their energy for plaque ablation is progressing at an amazing pace. 
Although hot-tip technology was not satisfactory, the vascular laser indus
try is committed to producing systems that will work safely and effectively. 
It is now clear, however, that this developmental process, directed toward 
some of the areas outlined below, will be more extensive and prolonged 
than had been assumed initially. 

Paramount on the list of problems to be addressed is increasing the 
atheroablative potential. The relatively significant acute failure rate (20%) 
of laser angioplasty is related primarily to the inability to cross a lesion and 
failure to reenter the proper distal channel, situations found mainly in cal
cified occlusions. 

Defining the appropriate laser source and lasing parameters is one way 
in which to maximize plaque removal. Pulsing the laser emission allows the 
use of high-energy beams that can achieve the ablative threshold of calcium 
(about 1100 mJ/mm2) without significant thermal accumulation. 

Furthermore, atherosclerotic tissue absorption characteristics for the 
different lasers currently available indicates that the readily absorbed 308 
nm excimer wavelength should be more efficient than the less easily 
absorbed Nd: YAG energy. In similar fashion, the smaller, less expensive 
solid-state, pulsed lasers like the midinfrared holmium:YAG may work as 
well as the excimer, though there are some lesions resistant to any laser 
technology currently under evaluation. 

None of today's laser sources have been able to achieve sole-treatment 
status except in a few cases, so with the concomitant use of balloon dila
tion, it is not surprising that their rate of restenosis appears similar to that 
seen with standard PTA alone. If a tangible benefit for laser angioplasty is 
to be established, laser catheters must be properly designed for sole ther
apy so that any impact on long-term patency over PTA can be determined. 

The current direction of catheter development is toward multiple fibers 
in either single or multiple circumferential rows. Theoretically, the more 
fibers available, the greater the potential for plaque removal. However, at 
present, one of the most significant limitations to successful ablation relates 
to the excessive "dead space" between and around fibers where no active 
light is present. 
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When an area of "dead space" encounters plaque, Dottering rather than 
ablation occurs. Although this combination of mechanical and ablative re
canalization has been seen with most laser catheters, it is now apparent 
that incomplete ablation has major impact on long-term success. This has 
been confirmed with angioscopy after laser intervention. Even with the 
best catheter currently available, appreciable residual material remains, 
and the intraluminal surface is far from satisfactory. Ultimately, a catheter 
design that maximizes "active space" will be needed. 

In the interim, however, there are now alternatives to ablation via laser 
vaporization. Either as sole therapy or as an ancillary procedure, 
atherectomy can augment ablation. Several of the devices can provide 
satisfactory acute results, although it is usually necessary to follow 
atherectomy with balloon dilation also. It will be interesting to see which of 
the atherectomy devices now under study proves most efficacious, particu
larly if a system can be designed to permit sole therapy without the need 
for dilation. 

It is critical that we have improved guidance systems. Properly aligned 
penetration of an occlusion and reentry into the true lumen are, at the 
present time, a combination of skill and luck. Both direct vision angioscopy 
and new intravascular ultrasound imaging are being eagerly studied as 
potential guidance systems for the laser probe. Additionally, spectroscopic 
analysis and plaque-targeting identification techniques are in the early de
velopmental stages. 

As mentioned earlier, endovascular stenting must be used to help pre
vent restenosis, at least until we have a better means of combatting intimal 
hyperplasia. Stents have proven themselves in the iliac system, where the 
inability of current interventions to provide sufficient debulking encour
ages reocclusion. In the SF A, preliminary studies with Strecker and Pal
maz stents have not been as rewarding, but the need will remain until we 
are better equipped to deal with the restenosis problem. 

Finally, more accurate assessment of the angioplasty result must be real
ized. Since the initiation of angioplasty, the completion arteriogram or 
fluoroscopy with contrast have served as the assessment gold standards. A 
cosmetically acceptable image has reassured the operator of a satisfactory 
recanalization. However, our angioscopic evaluations have led us to the 
conclusion that completion arteriograms following angioplasty grossly 
overrate the success of the procedure. In fact, in most of our observations, 
residual atherosclerotic disease and injury from angioplasty are consider
able. 

IVUS scans offer a reproducible means of measuring luminal diameters, 
of particular value in both acute and long-term assessment. Additionally, 
IVUS scans provide a great deal of complementary information, such as 
arterial wall composition, nature and configuration of plaques, as well as 
identification of dissection planes. Further, the sonograms depict far better 



21. Strategies and Techniques for Peripheral Laser Angioplasty: 1991 261 

than arteriography the stent configuration, its proper deployment, and 
degree of tissue growth within the struts. 

Conclusions 

It is evident that vascular laser technology continues in a state of flux. 
Hot-tip technology was a stopgap method heralded as a "magic wand." It 
has proven less than satisfactory because of the thermal component's in
ability to successfully ablate plaque and the potential for tissue damage. 
This has precipitated the rapid development of several new areas of inves
tigation that ultimately should prove even more fruitful. All of this, 
though, will require time and patience on the part of both physician
consumers and researchers. 

With this in mind, though, it is important to recognize that the currently 
marketed laser technology still has its applications. Despite repeated asser
tions by certain specialty groups that "every lesion can be traversed by a 
wire" (or any number of special wires), clinical experience with resistant 
occlusions proves otherwise. 

Indeed, it is precisely this need for laser therapy and its potential for 
precision recanalization that will continue to fuel rapid development of 
enhancements necessary to reach this goal. Endovascular procedures will 
become increasingly more diverse and prominent in the future, and an 
important component of this armamentarium will be laser technology. 
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22 
Practical Application of 
Endovascular Techniques
Angioscopy, Balloons, Lasers, and 
Atherectomy 

RODNEY A. WHITE 

Introduction 

Practical application of endovascular techniques relies on an understanding 
of the utility of current devices based on a knowledge of the development 
and distribution of atherosclerotic lesions. Technology is in an early evolu
tionary phase where recognition of potential as well as limitations leads to 
rapid development of newer methods. 

At present, endovascular procedures are successful when used to treat 
well-defined areas of stenotic disease or short occlusions. The devices are 
usually positioned within lesions over guidewires inserted by tactile 
methods. With all current endovascular devices, there is only limited or no 
removal of lesions. Thus, immediate thrombosis or early recurrence from 
reorganization of residual material is a leading cause of short-term failure. 
Recent data has confirmed that even sophisticated arteriographic imaging 
significantly underestimates the degree of residual lesion, and that future 
observations and endpoints for treatment will be determined by accurate, 
controlled data accumulated by angioscopic and intraluminal ultrasound 
evaluations. 

In this regard, our present approach to the use of endovascular tech
niques is to provide an alternative to surgical therapy, in patients where this 
is appropriate, as an adjunct to conventional therapy for treatment of tan
dem lesions, or for short-term benefit in patients who are poor risk candi
dates for definitive therapy. The latter group includes patients who can 
benefit from an interval patency before operation, and those who may heal 
wounds in threatened extremities when blood flow is restored for a limited 
period. Additional successful therapeutic applications of endovascular de
vices include angioscopic valvulotomy in in-situ vein bypass, angioscopy 
assisted thrombectomy and embolectomy, angioscopy and intraluminal 
ultrasound monitoring of angioplasty procedures, and the use of intra
vascular ultrasound for stent sizing and deployment. 

263 
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Intravascular Access Techniques 

Intravascular surgical procedures may be performed by either percu
taneous or open incision surgical techniques. Percutaneous insertion of de
vices is used both in the radiology and cardiology suites and in the operat
ing room. Outside the operating room, the percutaneous route is used in 
the majority of procedures, while in the operating room a higher per
centage of interventions are done through an open surgical incision to 
accommodate introduction of larger devices or to combine an intravascular 
procedure with a conventional operation. Aside from balloon angioplasty 
catheters, many new intravascular devices are difficult to use percutaneous
ly due to size limitations. As interventional devices developed, percu
taneous adaption occurs following miniaturization of instruments. 

Passage of devices along the vessel lumen theoretically enhances throm
bogenicity of the vessel wall by endothelial denudation and can predispose 
to the long-term development of hyperplastic lesions caused by concomi
tent fracture of the internal elastic lamina of the artery. 1 During endo
vascular procedures, multiple insertions and withdrawals of devices 
compound the potential of this risk. Fluid overload is possible during pro
cedures where repeated contrast dye examinations and anticoagulant fluid 
irrigations are used to avert thrombogenesis and to clear the field of view 
for angioscopic examinations. Contrast media volumes should be mini
mized during difficult procedures where repeated imaging is required. 
Blood loss must also be closely monitored in prolonged cases, particularly 
if an open operative approach is used or in cases where undetected bleed
ing can occur. 

Introducer sheaths, which have a hemostatic valve at the instrument in
troduction port and additional ports for infusion of fluids and contrast 
dyes, are extremely useful in reducing trauma to vessel walls and in con
trolling blood loss (Fig. 22.1). Newer intraluminal access devices for use 
during both percutaneous and open incision approaches are being de
veloped to decrease vessel trauma, to provide better hemostasis, and to 
facilitate removal of intravascular material. The Fogarty Expandable Ac
cess Device (Intimax™) illustrates a novel approach by providing an ex
pandable sheath that is initially low profile for safe intraluminal introduc
tion and then enlarges to conform to the arterial wall, limiting trauma and 
enhancing hemostasis. A large diameter (9 to 15 Fr), "iris-type" valve on 
the instrument introduction port accommodates large diameter devices 
and minimizes blood loss by enabling ease of introduction of devices and 
sealing characteristics (Fig. 22.2). 

Percutaneous Procedures 
Percutaneous procedures are limited to those performed using low profile 
catheters (less than 8 to 10 Fr diameter) and to procedures having a seg-
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FIGURE 22.1. A, hemostatic 8 Fr introducer sheath with side port (arrow) for infu
sion of fluids or contrast media . 

ment of patent vessel available proximal to the interventional site for intro
duction of instruments. Introduction of percutaneous devices is usually 
accomplished using the conventional Seldinger technique. 2 Percutaneous 
vascular access is performed by inserting a beveled needle through the 
arterial wall via a small skin incision to facilitate subsequent insertion of 
vessel dilators and instruments. The needle is slowly withdrawn until pulsa
tile arterial blood flow is achieved, signifying that the needle tip is in the 
arterial lumen. A guidewire is then introduced through the needle lumen 
and is positioned using fluoroscopy control. For many procedures an intro
ducer sheath is threaded over the guidewire after passage of a vascular 
dilator. Sheath diameter is determined by the size of the device that will be 
passed through the sheath lumen into the artery. 

Passage of needles, introducers and instruments through the arterial wall 
predisposes to dissection and formation of intimal flaps . Acute arterial 
occlusion may occur from dislodged or embolized intimal lesions. Vessel 
perforations occurring from use of smaller diameter interventional devices 
usually do not require repair, particularly if they occur in previously 
occluded or thrombosed vessels. In this case , there is usually little blood 
loss, and the perforation seals by rethrombosis of the segment. In addition, 
arteriovenous fistulas usually close spontaneously following reversal of 
anticoagulation. Rarely, perforations may continue to bleed , requiring sur
gical control. The most frequent site where this occurs is in intraperitoneal 
vessels or with punctures to the external iliac artery above the inguinal 
ligament to facilitate ante grade access to the femoral vessels. This ap
proach is associated with a risk of hemorrhage into the retroperitoneum. 

Intimal flaps usually require operative repair if they produce flow restric
tion. Microembolization of thrombus or atheromatous material is usually 
of no consequence if it is limited and there is no evidence of distal ische-
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A 
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FIGURE 22.2. A, Intimax™ Access Device, and B, iris hemostatic valve. (Re
printed with permission from White RA: Complications associated with intravascu
lar instrumentation: Endoscopy, atherectomy, lasers and dilatation devices. In: 
Complications in Vascular Surgery, 1991, 3rd ed., eds., Bernard VM, Towne JB, 
Grune & Stratton, Inc., New York, NY, pp. 420-432.) 

mia. If larger artery occlusion develops, percutaneous aspiration throm
bectomy or open surgical embolectomy is required to restore flow. 3 

Intraarterial infusion of thrombolytic therapy may also be effective in dis
solving fresh thrombus. 4 Massive embolization of small (20-200 urn diam
eter) particles can cause diffuse necrosis of tissues producing devastating 
clinical consequences, such as a "trash limb." 

The majority of complications of percutaneous procedures associated 
with long-term failures (in particular, recurrence of lesions) are common to 
all endovascular devices. False or pseudo aneurysms at the puncture site in 
the arterial wall are unique to percutaneous introduction sites, and 
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frequency increases with increasing size of cannulae and endovascular 
instruments. False aneurysms frequently become apparent at relatively 
short intervals following procedures and require surgical repair to prevent 
bleeding or embolization. 

Intraoperative Applications of Endovascular Devices 
Intraoperative application of endovascular devices permits use of a larger 
variety of instruments as either primary therapy or as an adjunct to another 
vascular procedure. A key factor in accomplishing successful angioplasty in 
the operating room is adequate radiologic imaging. High-resolution im
ages, which significantly enhance precision of procedures, are a limiting 
factor in many institutions. Digital subtraction techniques have increased 
contrast imaging sensitivity, allowing detection of low levels of iodinated 
materials. Many digital units have freeze-frame and roadmapping features 
that permit a subtracted contrast image of a vessel to be superimposed on 
a live fluoroscopic visualization. The quality of equipment available for 
radiologic imaging of procedures varies from conventional C-arm fluoro
scopes to sophisticated image-intensifiers and TV monitoring systems. 
Immediate image replay systems can improve information accuracy and 
enhance intervention safety. Recent advances in computerized image pro
cessing systems extend the advantages of digital imaging technology to 
C-arm fluoroscopy by enabling modular addition of contrast enhancement, 
image holding, and roadmapping during angiographic procedures using 
available equipment5 (Fig. 22.3). 

Intraoperative percutaneous use of devices is accomplished by methods 
described in the previous section. Many patients have significant vascular 
occlusive disease near a possible insertion site that precludes safe passage 
of a percutaneous introducer. In these cases, surgical incisions provide the 
best vessel access. Introduction of intravascular instruments through an 
open surgical incision has several advantages compared to percutaneous 
methods, as well as potential risks. Open incisions permit inspection of 
intravascular anatomy, such as the orifices of adjacent branch vessels, and 
helps decrease the incidence of vessel wall dissection during device in
troduction. Control of blood flow from collateral vessels by conventional 
operative methods also expedites angioscopic intraluminal visualization. 

Once an arteriotomy has been fashioned, it is advantageous to work 
through a hemostatic introducer sheath with a sideport, similar to ones 
used for percutaneous procedures, to help prevent trauma to the blood 
vessel wall caused by repeated introduction and withdrawal of devices, to 
provide hemostasis at the introduction port, and to provide a port for injec
tion of contrast dye. Introducer sheaths must be used very carefully as it is 
quite easy to injure the artery's luminal surface during placement of the 
sheath, particularly when it is introduced for some distance into an artery. 
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FIGURE 22.3. A, angiogram, and B, image-enhanced road map of an occlusion in 
the superficial femoral artery (arrows). A laser probe (double arrows) is positioned 
for advancement across the lesion. (Reprinted with permission from White RA, et 
al.: Perspectives for development of angioplasty guidance systems. In: Lasers in 
Cardiovascular Disease: Clinical Applications, Alternative Angioplasty Devices and 
Guidance Systems, 2nd ed., 1989, eds., White RA, Grundfest WS, Mosby Year 
Book Medical Publishers, Inc., pp 207-215.) 



22. Angioscopy, Balloons, Lasers, and Atherectomy 269 

If a vessel is too diseased to accommodate an introducer sheath, hemo
stasis can be maintained using Roumel tourniquets with the endoluminal 
devices passed carefully through the controlled area. 

Surgical incisions also permit continuation of anticoagulation, through
out the procedure and postoperatively, if the wound is drained to prevent 
hematoma formation. Continuation of anticoagulation has been shown to 
help prevent acute thrombosis of difficult recanalizations in comparison to 
percutaneous procedures where anticoagulation is reversed and pressure 
applied to the wound following removal of the intraluminal device to 
assure hemostatsis. An obvious liability of the open incision technique is 
the risk of wound infection, particularly if a patch material or prosthetic is 
used in the repair. The incidence of wound infection has been shown to be 
higher using the open technique during endovascular procedures.6 

Angioscopy 

Angioscopy, the endoscopic examination of the luminal anatomy of blood 
vessels, is being used to establish diagnosis and etiology of vascular dis
eases, to evaluate the technical accuracy of vascular reconstructions, and to 
visualize intraluminal instrumentation. 7 Attempts to perform cardiac en
doscopy were reported in the early 1900s using rigid tubes passed into the 
cardiac chambers. Vascular endoscopy was initially attempted in the 1960s 
following development of modern flexible arthroscopes and choledocho
scopes. At present, newly developed 0.8 to 3.3 mm diameter angioscopes 
feature improved fiberoptic imaging systems and light sources, enabling 
intraluminal inspection of smaller diameter vessels. 

Angioscopy Equipment 
For angioscopy of peripheral vessels larger than 3 mm diameter, multi
channel endoscopic catheters, which incorporate a fluid channel for vessel 
lumen irrigation to keep the field of view and the lens free of blood, are 
optimal. Angioscopes that include a fluid channel are approximately 2.5 
mm in diameter. This channel or additional channels in larger devices can 
be used for passage of guidewires, snares, laser fibers or other instruments. 
The larger angioscopes (2.5 to 3.3 mm diameter) are suited for most 
peripheral vascular procedures, while 0.8 to 1.7 mm diameter instruments 
are required for smaller vessels, such as the tibial or coronary arteries. The 
smaller designs sacrifice the fluid lumen to provide a narrower catheter 
diameter. 

Angioscopic visualization is enhanced by coupling the scopes to a video 
camera. In this way the field of view can be projected on a TV monitor and 
is magnified 40-200x. Using the improved angioscopes and video display, 
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intravascular detail with greater than 0.2 mm spatial resolution at 5 mm is 
achieved, and the minimum focus distance ranges from 2.0 to 6.5 mm. A 
light source of at least 300 watts is required to provide sufficient illumina
tion for obtaining adequate images through the fine fiberoptics. Most light 
sources available in hospitals for gastrointestinal and surgical endoscopy 
are usually about 100-150 watts power. 

The angioscopes, video camera and cables are all gas sterilizable and are 
set up on a sterile field on a side-table prior to procedures. At all times, 
these instruments must be handled with care because of the fragility of the 
optical fibers. Immediately following use, blood is cleared from the tubing 
and internal channels of the devices to avoid deterioration of the optics. 
Ethylene oxide gas sterilization and airing procedures take 12 to 18 hours, 
so each nondisposable angioscope can usually be used in only one proce
dure each day. 

Angioscopy Technique 
For percutaneous angioscopic examination, access to the lumen is obtained 
by passing the scope through an introducer catheter. 8 Percutaneous angio
scopy is currently being used as a method to define the mechanisms and 
accuracy of angioplasties, and to evaluate vessel trauma when angiograms 
provide equivocal information. Achieving good images with percutaneous 
angioscopes is currently limited by relatively stiff systems that make control 
and centering of the devices difficult. To aid manipulation of the scope tip, 
a steering mechanism in at least one plane is desirable. Control of proximal 
blood flow in the area being examined can be achieved by inflation of a 
balloon on the catheter tip. A rapid flow of irrigating solution through the 
delivery catheter is then required to control blood from collateral vessels. 
Backbleeding from distal circulation can be limited by having an assistant 
apply external pressure over the vessels in a distal extremity. 

Angioscopy can be performed intraoperatively in 10 minutes or less 
through an opening in the vessel. To perform intraluminal inspection, 
vascular occlusion is obtained by conventional operative means or by a 
balloon on the angioscope's end. Infusion of saline under approximately 
300 mm Hg pressure (30-75 mllmin) through an irrigation channel in the 
angioscope or by a coaxial catheter clears intraluminal blood and enables 
visualization in approximately 80-90% of cases. 

Several investigators have reported that angioscopy reveals clinically im
portant information that is not apparent by extraluminal inspection, prob
ing, or angiography in 15-30% of vascular procedures. The angioscopic 
findings have altered surgical therapy in a significant number of these 
cases. In prospective evaluations, angioscopic findings differed significantly 
from preoperative or intraoperative angiograms in 24% of cases, resulting 
in an alteration in the operation in 17%.9 
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Angioscopic Thrombectomy 
Embolectomy and thrombectomy of peripheral vessels is greatly enhanced 
by angioscopy.lO Unless the whole length of vessel is occluded , the angio
scope may initially be introduced through the arteriotomy to inspect the 
lumen and define the exact site and extent of thrombosis or embolism, and 
to determine whether there is pre-existing atherosclerotic disease. Fogarty 
catheters may then be passed beside the angioscope if the arterial lumen is 
large enough to accommodate both devices. Balloon inflation , and detach
ment and removal of thrombus and debris can then be visually monitored. 

Direct visual observation of the degree of balloon inflation is quite im
portant since it allows determination of the amount of balloon distension 
necessary for adequate removal of the lesion without causing injury to the 
vessel related to overinflation (Fig. 22.4) . Balloon catheters frequently 
slide over thrombus that adheres to the wall, leaving large fragments, 
which mayor may not be removed with repeated passes and which are 
frequently not demonstrated adequately by completion arteriograms. 
When adherent thrombus is observed, further attempts at retrieval can be 
made by positioning the balloon just distal to the clot and by oscillating it 
back and forth over the site . If this is not successful, a decision is required 
to determine if further attempts at extraction are warranted using other 

FIGURE 22.4. A Fogarty balloon (b) visualized with angioscopy while it is being 
inflated in the vessel lumen (Reprinted with permission from White RA , White 
GH: Angioscopy in the management of infrainguinal occlusive arterial disease in 
current therapy. In: Vascular Surgery II, 2nd edition, 1990, eds., Ernst C, Stanley 
J, BC Decker, Inc. , Philadelphia, PA, pp 544-549.) 



272 Rodney A. White 

instruments, such as flexible grasping forceps, rotary atherectomy devices, 
or vascular brushes. An additional possible alternative is the intraoperative 
use of fibrinolytic agents. 

When thromboembolectomy is considered complete, a final angioscopic 
inspection of the entire artery is made. Angiographic examination of 
smaller runoff vessels may be obtained by injection of contrast medium 
through the fluid channel of the angioscope before the scope is withdrawn. 
One of the advantages offered by angioscopy is that complications and 
technical errors, such as retained thrombus or intimal flaps, can be cor
rected while the arterial lumen is still open and before blood flow is res
tored. The angiogram usually fails to demonstrate smaller irregularities of 
the wall caused by intimal flaps or adherent thrombus and may underesti
mate larger lesions as well. 

Transfemoral thromboembolectomy of the iliac artery is performed by 
initially clearing about 80% of the occlusion length with the Fogarty cathe
ter and then introducing the angioscope to inspect the lumen for retained 
thrombus, mural defects, and atherosclerotic plaque. After the remainder 
of the iliac segment has been reopened, a Fogarty catheter is inflated at the 
level of the aortic bifurcation to impede blood flow and enable inspection 
of the thrombectomized vessel. If there is good collateral flow through 
branches of the iliac artery, it may be quite difficult to overcome the blood 
in the field to obtain an adequate view. Similar techniques are used for 
thromboembolectomy in an occluded limb of an aortobifemoral graft. In 
this case the absence of blood flow from branch vessels ensures a relatively 
blood-free field. 

Femoral-popliteal-tibial thromboembolectomy is performed through a 
groin incision and by obtaining exposure and control of the common 
femoral, profunda and superficial femoral arteries. An arteriotomy is per
formed and the angioscope is first inserted into the profunda femoris 
artery, where it will usually pass easily to a distance of 20 to 25 cm. Because 
of the narrow diameter of this artery, the Fogarty catheter cannot be in
serted at the same time, so that angioscopic monitoring of profunda throm
boembolectomy is limited to inspection before and after passage of the 
balloon. 

In the superficial femoral artery and within prosthetic bypass grafts in 
this position, the Fogarty catheter will pass comfortably alongside the 
angioscope so that the whole procedure can be monitored visually. At the 
distal popliteal level, the orifices of each of the tibial arteries can be iden
tified, and selective cannulation with the Fogarty catheter is often possible. 
This is achieved by slightly bending the catheter tip to enhance cannula
tion. It is more difficult to achieve access to the anterior tibial artery be
cause of the severe angle. On occasion, selective cannulation of the tibial 
artery can avert exposure of the vessels below the knee to retrieve embolic 
or thrombotic material. 
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In prosthetic grafts, extensive buildup of neointimal hyperplasia may be 
difficult to differentiate from chronic thrombus. Use of alternative instru
ments such as forceps, curettes and brushes to extract intraluminal lesions 
is probably safer here than in the native vessels. Inspection of the distal 
anastomosis is important since this is often the site of hyperplastic stenosis. 
Twists or kinks of the graft can also be identified by angioscopic inspection. 

Thrombectomy of the iliac and femoral veins using angioscopic visualiza
tion has been reported to be superior to venograms for demonstration of 
residual thrombus, poor operative result, and the presence of venous spurs 
in the left common iliac vein. 10 When incomplete thrombectomy is demon
strated endoscopically, a temporary peripheral arteriovenous fistula may 
be indicated as a means of improving patency rates. 

Residual thrombus has been identified angioscopically within arteries 
and grafts after standard thromboembolectomy procedures in approx
imately 80% of cases.!1 The direct, three dimensional view obtained pro
vides significantly more information regarding luminal compromise than 
does contrast radiologic imaging. In many cases the missed clot is quite 
small and probably is of no significance. This is most likely with soft mural 
thrombus that is closely attached to the wall and is not stenotic. In some 
instances, thrombectomy catheters have also been observed to pass be
tween the vessel wall and the clot without dislodging the clot. With lesser 
amounts of thrombus, especially nonobstructing mural thrombus, it is dif
ficult to judge whether further attempts at removal are indicated. Mural 
thrombus often simulates spasm on angiograms, and thus good backflow 
does not necessarily correlate with a satisfactory removal of thrombus. It 
is likely that many of these minor defects would normally be resolved by 
the natural fibrinolytic and healing processes. During angioscopic throm
bectomy, infusion of irrigating fluid simulates blood flow, thus giving a 
dynamic representation of potential flaps and loose debris. In some cases, 
severe dissections, or atherosclerotic stenosis or occlusion, which are 
identified by endoscopy, cannot be treated endoluminally, indicating that 
the best therapy is to proceed immediately to vascular bypass rather than 
persist with unproductive attempts at thrombectomy. 

Angioscopy-assisted In-situ Vein Bypasses 
Observing the completeness of valvulotomy in in-situ vein bypasses has 
improved the technical accuracy of the procedure and reduced the opera
tive time by assuring complete incompetence of valve cusps. The valvulo
tome is inserted through a side branch of the upper segment of the saphe
nous vein or through the vein lumen at the distal end. The valvulotome is 
passed proximally from the distal vein through the most proximal valve, 
and the angioscope is inserted proximally and passed distal until the valvu
lotome can be visualized at the valve site. Low profile valvulotomes, such 
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FIGURE 22.5. Angioscopic inspection of a venous valvulotomy procedure (V
valvulotome, C-valve cusp). (Reprinted with permission from White RA, White 
GH: Angioscopy in the management of infrainguinal occlusive arterial disease in 
current therapy. In: Vascular Surgery II, 2nd edition, 1990, eds., Ernst C, Stanley 
J, B.C. Decker, Inc., Philadelphia, PA, pp 544-549.) 

as a Mills valvulotome, can be easily visualized and controlled by angio
scopic inspection (Fig. 22.5) . Incompetence of valve cusps is easily tested 
under direct vision by distending the vein with saline infusion and com
pressing the vein lumen by external pressure. As valve cusps are serially 
disrupted, the valvulotome and angioscope are advanced distally to the 
next valve. 

Intraluminal identification of tributary veins during the procedure can 
help limit dissection and isolation of the vein and prevents tears in the vein 
caused by hooking side branch with the valvulotome. Several manufactur
ers are developing microinstruments that can be passed through a lumen in 
an angioscope or coaxial to the scope to enhance accurate and expedient 
valvulotomy under direct vision. During the procedure, extreme care must 
be taken to prevent damaging the vein with intraluminal instruments. 
Angioscopes too large to pass easily through the lumen can produce severe 
trauma to the vein wall. 

Angioscopic Monitoring of A ngioplasty Procedures 
Angioscopic monitoring of angioplasty procedures has advantages over 
arteriography because it removes the hazards of radiation exposure and 
contrast reactions and allows immediate detection and correction of tech
nical complications. Arteriography tends to underestimate wall irregular
ities and stenosis. Angioscopic inspection under magnification and video 
control enables placement of angioplasty devices without deviation into 
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FIGURE 22.6. Intimal flaps (I) which protrude into the vessel lumen after balloon 
angioplasty of a superficial femoral artery lesion. 

collateral vessels. Proximal stenotic lesions or tapering of the vessel near 
the site of an occlusion limits angioscopic inspection and prevents clear 
visualization of an occlusion. Angioscopy following angioplasty has been 
extremely helpful in determining adequacy of recanalizations, inspecting 
the surface for fragments, and in determining the mechanism of action of 
recanalization devices. 12 Inspection of treated arteries frequently demon
strates intimal flaps, mural thrombus, balloon dilatation cracks and other 
intraluminal features not apparent by angiographic studies (Fig. 22.6) . 

An additional benefit of angioscopy during angioplasty procedures is 
that the examination is conducted before restoration of blood flow and may 
help prevent embolization of arterial wall fragments or thrombus. Angio
scopy examinations are limited in that assessment of distal smaller vessels 
is usually not possible because of angioscope diameters. Examination of 
normal vessels beyond the treated segment may cause intimal lesions or 
induce spasm. Angiography of the distal vasculature can be performed by 
injecting contrast through a channel in the scope. This allows direct cor
relation of the angiogram and angioscopic image. 

Angioscopy has limited benefits during an angioplasty procedure or in 
preventing perforations since visualization of the device is obviated once it 
has entered an occlusion. An additional obvious limitation of angioscopy is 
that there is no way to evaluate vessel thickness or concentricity of lesions. 
In the future, a combination of angioscopy with intraluminal ultrasound 
may provide a 3-dimensional perspective of the vessel lumen and trans
mural vessel wall anatomy. 
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Balloons 

Transluminal dilatation of stenotic atherosclerotic arterial lesions was ini
tially advocated by Dotter in 1964. l3 Dilatation was performed using suc
cessively larger coaxial polyethylene catheters (a 12F catheter over an 8F 
catheter). Staple and van Andel later used tapered-tip catheters of 5F to 
12F diameter with similar effect .14 The taper configuration reduced arterial 
wall trauma that had been common with Dotter's blunt-nosed catheters. 

Dotter subsequently postulated that balloon dilatation of an athero
sclerotic lesion might effectively enlarge the lumen. In 1965 he successfully 
dilated a stenosed iliac artery using a Fogarty balloon embolectomy cathe
ter. The concept of balloon dilatation was advanced by Andreas Gruntzig 
with his 1974 report documenting use of a double lumen polyvinyl balloon 
catheter .15 Since then design and construction of angioplasty balloons has 
advanced, particularly with development of stronger noncompliant, non
elastomeric balloons that can withstand high inflation pressures without 
distortion of shape or overstretching of diameter. Early polyvinyl chloride 
balloons stretched easily with moderate pressure, whereas the more recent 
expandable polymer balloons are stronger and provide forceful radial 
dilatation of lesions. Increased catheter flexibility and decreased catheter 
diameters have improved maneuverability of the devices and the ability to 
cross tight stenotic regions of stenosis, including those in small tortuous 
arteries of the coronary circulation and the lower leg. 

Balloon catheter characteristics that must be considered in the choice of 
equipment for a particular patient are balloon diameter, balloon length, 
catheter diameter, catheter length, catheter flexibility, profile and diam
eter of the catheter tip and the deflated balloon. Recent high pressure 
balloons may allow inflation to pressures of 12 to 15 atmospheres without 
increase in diameter. This means that a greater dilating force is achieved 
without overexpansion-this characteristic may be particularly favorable 
in densely fibrotic atherosclerotic stenoses. 

Following placement of the balloon at the site of an atherosclerotic nar
rowing, the weakest point in the plaque is fractured by expansion of the 
balloon16 (Fig. 22.7). Balloon angioplasty is especially effective for local
ized, short stenotic lesions (or short length occlusions) of the iliac arteries, 
with good rates of initial recanalization (> 90%) and long-term patency. 
Cumulative patency rates of approximately 60-70% at the 4-year interval 
have been reported.17,18 A retrograde femoral approach is usually used, 
and frequently, bilateral iliac angioplasty may be performed via one femor
al access site. Measurement of pressure gradients are very helpful in deter
mining the success of an angioplasty procedure. Pressure gradients across a 
lesion may be measured simultaneously with dual catheters or separately, 
measuring the pressure as the catheter is passed through the stenosis. 

The results of percutaneous angioplasty of infrainguinal arterial disease 
are not as good as for aortoiliac disease. In this site, if PTA fails then 
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FIGURE 22.7. Mechanism of dilatation of the arterial lumen by trans luminal balloon 
angioplasty. (Reprinted with permission from White RA, White GH: A Color 
Atlas of Endovascular Surgery, 1991, Chapman & Hall, Ltd., London, England.) 

approximately 10% of patients are made clinically worse, usually with 
coincident reduction of the ankle-brachial systolic blood pressure ratio. 
Factors that predict success are for the lesion to be short, localized (as 
compared to generalized stenotic disease), and having patent arteries in 
the distal vascular bed. In general, satisfactory results can be obtained if 
patients are selected carefully. 

Balloon angioplasty can also be used to treat disease in the branches of 
the abdominal aorta, particularly the renal and mesenteric arteries . Reno
vascular disease is found to be the cause of hypertension in approximately 
5% of hypertensive patients and may often be amenable to dilatation, 
especially if there is a short, focal stenosis of the renal artery that does not 
involve the ostium. Lesions of the renal artery orifice , formed by an exten
sion of aortic plaque, are less favorable and more difficult to treat success
fully, as are totally occlusive lesions of the renal artery. 

Lasers 

Lasers have been investigated as a method to recanalize and de bulk ather
osclerotic occlusions for less than a decade. These devices, more than any 
other, have undergone rapid development and application. In this regard, 
controversy concerning the use of lasers as angioplasty devices highlights 
the problems and discussions relevant to the use of all endovascular surgi
cal instruments. 

The initial laser devices used available energy sources, such as the con
tinuous wave argon and Nd:YAG lasers. Preliminary attempts to recanal-
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ize lesions using fiberoptic delivery from these continuous wave, thermal 
sources produced a high incidence of vessel perforation and thermal dam
age. To capture the thermal energy and attempt to help prevent perfora
tions, ovoid metal tips were placed on the fiber ends. Although there were 
enthusiastic preliminary reports, based on treatment of stenotic lesions and 
short occlusions using laser thermal devices plus balloon angioplasty com
pared to patency for balloon angioplasty alone,19 application of this tech
nology to longer lesions conforming to surgical indications for therapy have 
higher complication and failure rates.20,21 Even when obstructions are suc
cessfully recanalized, long-term patency is quite disappointing. Newer de
vices include a hybrid concept with partial emission of laser energy com
bined with the thermal effect, pulsed high energy laser devices for precise 
ablation of tissue, and guided laser angioplasty systems. At this time, the 
current role of these devices is undetermined and is dependent upon 
whether future evolution can eliminate some of the present limitations. 

The most frequent complication of laser angioplasty is vessel wall dissec
tion or perforation. Regardless of the device, if the probes are used in 
lesions where a guidewire cannot be initially passed, perforations are a 
frequent limiting factor. Laser angioplasty highlights the problems regard
ing guidance of endovascular devices since most atherosclerotic lesions are 
positioned eccentrically within the vessel lumen, and failures including per
forations, dissections, and short-term reocclusions are due to inaccurate 
guiding and debulking of lesions.22,23 

An additional complication of laser angioplasty, which is related to 
imprecise delivery of energy to normal or minimal diseased artery, is 
the development of lesions in previously unaffected sites adjacent to the 
treated segment. The most evident presentation of this complication is 
apparent when patients who were previously treated for short stenoses or 
occlusions return with long segments of reoccluded vessels. This limi
tation emphasizes the importance of treating only well defined lesions that 
can be precisely ablated with current devices. It also emphasizes that treat
ment of minimal disease, such as claudication, should be reserved for 
interventionalists who have technical excellence, vast experience and 
optimal systems available to treat these lesions. 

The benefit promised by laser technology is the ability to recanalize arte
rial lesions that would otherwise require a surgical procedure to recon
struct the segment. Patency of vessels treated by laser angioplasty at 12 
months follow-up appears to be comparable to percutaneous transluminal 
angioplasty for similar lesions but inferior to surgery for occlusions over 3 
cm length.24 Although the method is applicable to iliac, superficial femoral 
and popliteal arteries, current results are not optimal because: 1) current 
devices only make a small channel that must be enlarged by subsequent 
balloon dilatation, 2) inability to deliver energy precisely at the lesion, and 
3) a significant incidence of vessel wall perforation and early thrombosis. 
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Although clear indications for laser angioplasty are still undefined, pilot 
studies show possible benefit for a limited number of patients who have: 1) 
arterial stenoses and short occlusions; 2) iliac artery lesions; 3) PTFE graft 
occlusions due to anastomotic intimal hyperplasia; and 4) for certain high
risk patients who are not good surgical candidates or who are failures of 
conventional therapy. 6,20,21 

The major advantage of laser energy is that it can provide precise, high
energy ablation of tissue through miniaturized endoluminal delivery sys
tems requiring only minimal intervention to recanalize occluded arteries 
and to debulk lesions. It is important to recognize that current laser devices 
only establish feasibility for future application of advanced systems to 
angioplasty. For example, the "hot-tip" devices are not a guided laser ener
gy source but rather a laser powered thermal probe.22,24 Newer prototype 
instruments, the most promising of which emit free laser energy, demons
trate feasibility for the potential evolution of this technology. 

Atherectomy 

Atherectomy devices are designed to remove atherosclerotic plaque from 
the vessel; this is done by cutting, drilling or pulverizing atheroma and 
produces a luminal surface quite different from balloon angioplasty or 
open surgical endarterectomy. Some of the currently available athe
rectomy devices have mechanisms for extraction of the fragments of 
ablated plaque, while others reduce the plaque to microparticles which are 
circulated within the blood stream and are removed by the lungs and re
ticuloendothelial organs. Atherectomy catheters may be used percu
taneously through an arterial sheath, may also be introduced via an inci
sion, or may be used as part of a conventional vascular operation. Larger 
catheter sizes are more suited to intraoperative application. 

Atherectomy may be used as sole therapy or in conjunction with balloon 
dilatation. Most current atherectomy devices are suitable for stenotic le
sions only and are inserted over a guidewire. If the stenotic arterial lumen 
is not sufficiently enlarged after a successful atherectomy procedure, ad
junctive balloon dilatation is often performed. As a corollary, angioplasty 
device complications (particularly dissection or acute occlusion) or in
adequate recanalization may be improved by subsequent passage of an 
atherectomy catheter. 

Precise indications for atherectomy have not yet been defined and its 
true role in the management of vascular disease will be determined by 
further technological developments in instrumentation and extensive 
clinical experience. Although initial successes have been achieved with 
several devices, restenosis has been a problem in some initial clinical 
studies, particularly when the amount of plaque removed may have been 
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inadequate. Preliminary data suggests that precise control of the lesion's 
removal level within the arterial wall dramatically improves follow-up 
patency and hemodynamic results. If this finding is substantiated, devel
opment of this principle could dramatically improve the results of en do
vascular recanalizations. 

Simpson Atherectomy Device 
The Simpson atherectomy catheter consists of a catheter with a distal 
cutting blade and its housing chamber, including an attached positioning 
balloon. The catheter's proximal aspect is coupled to a hand-held motor 
unit and has two ports for fluid flush and balloon inflation. A lever on the 
motor drive unit is used to advance the rotating cutting blade down the 
distal chamber. The nonelastic balloon pushes the cutaway against the 
plaque. The tubular cutter shaves a section of plaque and impacts it in the 
distal chamber. 

Simpson catheters for use in the peripheral vascular system range in 
diameter from 7 to 11 F. and have windows of 15 mm and 20 mm length. 
Excised atheromatous material is pushed by the blade into the distal con
taining section of the chamber so that it may be extracted by removal of the 
catheter. Early device designs had a small chamber that filled after only 5 
or 6 blade passes; the more recent design has a larger chamber that will 
accommodate material from 20 to 25 cuts. Atherectomy devices designed 
for coronary artery use are narrower (4.6 F. to 7 F.) and more flexible, with 
window opening length of 10 mm. The housing moves over a guidewire 
through a central lumen. 

This type of atherectomy catheter may be indicated for management of 
balloon angioplasty complications, particularly dissection, intimal flap, in
adequate recanalization, and early restenosis. It has been shown that res
tenosis tends to occur rapidly if insufficient material is removed from the 
treated artery. If the residual lumen after treatment has less than 20% 
stenosis, the incidence of recurrent stenosis is reduced.25 ,26 

Kensey Atherectomy Catheter 
The Kensey atherectomy catheter uses a different mechanism of action to 
debulk atheromatous plaque.27 There is no cutting blade, but a rotating 
cam tip acts by pulverizing firm or fibrous atheromatous tissue into micro
particles. The cam tip is rotated by a central drive shaft, housed within a 
flexible polyurethrane catheter. An external electric motor drive unit ro
tates the tip at speeds up of up to 200,000 rpm, but rates of less than half 
this speed are now recommended. There is a coaxial lumen within the 
catheter that is used for infusion of fluid. Fluid ejected from the rotating tip 
generates a radial jet that creates a vortex effect within the vessel, enhanc-
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ing the emulsification of dislodged atherosclerotic debris. The fluid also 
serves to cool and lubricate the rotating cam. Elastic tissue of the normal 
arterial wall is pushed aside and not damaged, whereas firm or fibrous 
atheroma is sculpted by the rotating tip and the fluid jet. There is no 
mechanism for removal of fluid or microparticles from the vessel. Access 
may be by percutaneous sheath or intraoperative cutdown to the vessel. 
The fluid injected through the catheter often consists of a mixture of 
fluoroscopic contrast, heparin, dextran and thrombolytic agent. The fluid is 
usually injected at a rate of approximately 30 mls per minute. 

The catheter is typically advanced in a to-and-fro fashion with gentle and 
gradual progress down the vessel. A guidewire is not required, and the 
system is considered to be suitable for treatment of total occlusive lesions 
as well as arterial stenosis. Initial experiences were complicated by a fairly 
high rate of vessel perforation, since the catheter tends to follow the plane 
of least resistence, often taking it into the arterial wall. However, modifica
tions of the instrument and experience with the techniques have consider
ably reduced the incidence of this complication. 

Auth Rotablater 
The Auth rotablater consists of a rotating shaft used to drill out a core 
down tbe.vessellumen.28 In this case the tip is a burr, with its leading sur
face covered by metal impregnated diamond chips. A flexible mechanical 
drive shaft attached to the metal burr tip is housed within a teflon sheath 
within the atherectomy catheter. The whole system is designed to be fed 
down the artery over a guidewire and is essentially suitable for treatment of 
stenotic lesions alone. For total occlusions, a guidewire must first be passed 
through the lesion. The drive shaft is controlled by a turbine housed in 
plastic casing attached to the proximal end of the catheter. 

Compressed air powers the turbine with rotation speeds greater than 
100,000 rpm; speed of rotation is determined by air pressure. The system 
also contains an irrigation port for infusion of fluid. Burrs are available in 
various sizes from 0.7 mm up to 6mm diameter. Small size tips are suitable 
for tibial and coronary arteries, while larger sizes are designed for use in 
the peripheral vascular system, particularly the superficial femoral and pop
liteal arteries. Multiple diamond chips on the tip function as microknives, 
which fracture and fragment atheromatous plaque. A control knob on the 
motor drive casing allows the surgeon to advance or retract the burr tip 
over a guidewire. The drive shaft has a disengagement mechanism that 
prevents the artery from wrapping around the rotating burr or catheter at 
low torque. Animal experiments using labeled particles of atheroma have 
demonstrated that these particles are generally less than 1 micron in size, 
pass through the small vessels of the leg, and accumulate in the lung, liver, 
and retriculoendothelial system. 29 
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Transluminal Extraction Catheter (Interventional 
Technologies) 
The TEe atherectomy catheter, developed by Interventional Technol
ogies, also uses a rotating burr tip technique. In this case the tip has two 
very sharp blades for cutting piaque, and the internal lumen of the hollow
tubed catheter is connected to suction, allowing extraction of the frag
mented particles. The procedure is performed over a guidewire and is suit
able for stenotic lesions only. Preliminary studies using this device have 
been promising, and ultimate utility awaits further evaluation. 

Complications 
Complications of transluminal atherectomy are similar to those of other 
interventional techniques within the peripheral vascular system. The inci
dence of complications should be less than 10%, with thrombosis and 
embolization being the most important. In experienced hands, less than 
5% suffer complications; the long-term systemic effects of microemboliza
tion have yet to be fully determined. Hemoglobinuria and hemolysis have 
been recerded on several occasions. Microembolization to distal tissues in 
the leg has not been a serious clinical problem, even though many particles 
must be embolized to the distal arterial beds. 

Future Perspectives 

Resolution of current limitations and complications of endovascular surgic
al procedures and devices must address the problems related to guidance of 
angioplasty instruments and restenosis subsequent to initial recanalization. 
The guidance issue is particularly relevant since most atherosclerotic 
lesions are eccentrically positioned within the vessel wall. Many of the 
failures, including initial perforations and dissections and short-term re
occlusions, are due to inaccurate guidance of angioplasty devices and 
inadequate debulking of lesions. For this reason, major emphasis is being 
directed toward development of precise guidance methods for endoluminal 
instruments. 

In those patients who restenose following initial recanalization, close 
follow-up, particularly with color flow duplex scanning and noninvasive 
hemodynamic testing, will enable serial percutaneous recanalization be
fore reocclusion occurs. Studies are required to determine the optimal 
level of lesion debulking to provide the longest intervals before restenosis 
occurs yet preserve adequate vessel wall to prevent aneurysm formation. 
Additional work is required to assess the impact of embolized debris, 
generated during angioplasty procedures, on long-term function of the dis
tal vascular bed. The ultimate step in resolving the problem of lesion re-
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currence rests on defining the etiology and establishing methods to arrest 
restenosis. 

Several interesting devices are being developed and tested to address the 
guidance issue. Target-specific laser angioplasty may become possible 
through analysis of emitted fluoroscence patterns (laser-induced fluoros
cence) from the vessel wall.3o An interesting prototype, which uses spec
troscopic guidance for controlled activation of a multifiber catheter, has 
been developed and is being evaluated.31 Using argon laser radiation to 
excite both normal and atheroscleortic vessels, distinct patterns of fluo
rescence from each tissue can be disseminated from a 19-fiber array by a 
multichannel spectral analyzer. The spectra and images produced permit 
selective identification of lesions and ablation in individual quadrants 
around the arterial wall circumference. Although the concept is appealing, 
current devices require frequent calibration to adjust signal sensitivity and 
are expensive to purchase and maintain. 

Other prototype delivery systems for angioplasty devices incorporate 
multiple modalities, i.e., spectroscopy, angioscopy or intravascular ultra
sound to enhance precision of initial vessel recanalizations. Intravascular 
ultrasound promises to be the most user friendly and accurate way to 
accomplish this goal in occluded vessels. This technology is available as a 
component of the tip of 3 to 8 Fr catheters and produces a detailed image 
of the thickness of the blood vessel wa1l32,33 (Fig. 22.8). 

Recurrence from thrombosis and organization of residual debris or res
tenosis from smooth muscle cell proliferation of recanalized lesions remain 
the most troublesome problems limiting effectiveness of endoluminal 
surgery devices, particularly once the guidance issues permitting precise 
direction of devices is solved. Minimal progress has been made in defining 
either the etiology or the control of this phenomenon. Concepts regarding 
the etiology and development of recurrent lesions are confused and are 
based on poorly controlled studies of angiographic measurements of one
or two-dimensional angiogram images of lesions prior to, and following, 
interventions. Accurate data regarding the intraluminal dimensions of 
treated lesions, before and following angioplasty, and the types of tissue 
components that have been ablated or displaced is not available in the re
ported data. Without controlled studies evaluating these parameters, little 
progress can be expected regarding control of lesion recurrence. 

Combined approaches to disobliterate occluded arteries, utilizing throm
bolysis, luminal dilatation, and tissue ablation or removal, all have unique 
potentials if improved guidance and delivery systems become available. 
Future angioplasty device delivery catheters may combine angioscopy for 
visual inspection of the lumen, spectroscopy for characterization of the 
tissue elements, and ultrasound for determining vessel wall and lesion 
dimensions. Improved intraluminal ultrasound devices will not only pro
vide improved visualization of cross-sectional vessel all anatomy, but 3-
dimensional longitudinal reconstruction of the vasculature by storing a 
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FIGURE 22.8. Intravascular ultrasound imaging of a human iliac artery using an 8 Fr 
catheter. U, ultrasound probe; single arrow, normal 3-layer muscular artery wall; 
double arrow, soft plaque or thrombus. Shadow, a, is an artifact produced by a thin 
metallic wire along the axis of a catheter. 

sequence of ultrasound images. Improved guidance of angioplasty cathe
ters will help eliminate the primary causes of recanalization failure and 
recurrence of lesions vessel wall perforation, and inadequate debulking of 
lesions. This advance is required as the first step toward solving the limita
tions of current technology. Further improvement will occur as the fun
damental processes responsible for restenosis of lesion are elucidated and 
methods of control become available. 
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23 
Endovascular Procedures: Current 
State of the Art 

ANTHONY D. WHITTEMORE 

Introduction 

While autogenous saphenous vein provides the most durable reconstruc
tion for patients with severe peripheral vascular occlusive disease, recent 
advances in percutaneous endovascular techniques have dramatically ex
panded alternative approaches. Our past experience with reversed vein 
grafts demonstrated a 78% primary 5-year patency rate for femoropop
liteal grafts and a lower 56% rate for infrapopliteal grafts.1,2 More recent 
results with 440 in situ vein grafts provided no significant difference in the 
femoropopliteal position, but the 70% rate associated with infrapopliteal 
reconstructions represents a significant improvement, as has been noted in 
several contemporary series.3 ,4-7 Furthermore, these infr.apopliteal recon
structions included 18 inframalleolar grafts that provided a 5-year patency 
rate approaching 80%, a rate confirmed in other recent reports. 8 Secon
dary patency rates for in situ grafts in all positions exceeded 80%. 

In contrast, however, our experience with 300 polytetrafluoroethylene 
(PTFE) grafts has been remarkably disappointing.9 After 5 years, 37% of 
femoropopliteal PTFE bypass grafts and only 12% of infrapopliteal grafts 
remained patent. While chronic anticoagulation may yet prove efficacious 
in prolonging patency associated with prosthetic material, the superior 
durability of autogenous vein seems firmly established.9,10 

More recently, therefore, in the absence of ipsilateral greater saphenous 
vein, alternatives to PTFE have been aggressively utilized in 266 consecu
tive reconstructions for which autogenous tissue proved available in all but 
11 (4%),11 These alternative methods included a variety of endarterec
tomies and lesser saphenous and/or arm vein grafts, all of which yielded a 
66% 4-year patency rate, a significant improvement when compared with 
previous results achieved with PTFE. 
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Percutaneous Transluminal Angioplasty 

Percutaneous transluminal angioplasty (PTA) has emerged as an alterna
tive approach to the ischemic limb in patients requiring primary revascular
ization and especially for those without suitable autogenous tissue. Primary 
intervention for well-localized, short segment lesions has become in
creasingly successful with the availability of low profile balloons and glide
wires. The most favorable results have been observed with localized lesions 
of the iliac vessels; the efficacy of PTA for infrainguinal disease, however, 
remains uncertain. Our experience with primary iliac PTA in 184 limbs 
demonstrated a 5-year cumulative patency rate of 74%. This result, in 
highly-achieved, selected patients, contrasts with a lower patency rate of 
50% observed after 124 infrainguinal angioplasties. There was no signif
icant difference in patency rates observed between 101 superficial femoral 
and 18 popliteal angioplasties. Infrapopliteal angioplasty has been limited 
to 5 limbs in our experience and has not been especially successful. 

Primary PTA, therefore, seems appropriate for highly selected patients 
with localized lesions and ia a useful adjunct for patients who are without 
appropriate autogenous tissue. For example, patients with autogenous tis
sue limited to short segments of lesser saphenous, arm or residual greater 
saphenous vein may benefit from balloon dilatation of proximal SF A le
sions in an effort to provide a more distal origin for a short vein graft across 
the knee. 

Atherectomy 

The suboptimal results associated with infrainguinal PTA and prosthetic 
material for small-caliber arterial reconstruction have generated a variety 
of mechanical "atherectomy" devices. These devices remove atheroma by 
directly engaging the plaque and leave behind a heterogenous luminal sur
face which differs from that remaining after surgical endarterectomy. The 
various catheter tips used to engage the plaque are positioned either percu
taneously in the angiography suite or under fluoroscopic or angioscopic 
control in the operating room. 

The first such device to be approved by the FDA was the Simpson 
Peripheral AtheroCath (Devices for Vascular Intervention, Inc., Redwood 
City, CA). The AtheroCath consists of a cylinder fitted with a fixed termi
nal guidewire located at the end of a catheter. Within the partially open 
cylinder there is enclosed a circular cutting element fixed to a central drive 
shaft that rotates at relatively slow speeds (approximately 1,800 rpm). The 
cylinder is positioned within a stenotic arterial segment, and after with
drawing the cutter into the proximal end of the cylinder housing, an eccen
tric balloon is inflated. The housing is thus fixed against the adjacent athe
roma and the rotating cutter advanced such that the excised material is 
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impacted into a storage compartment in the tip of the cylinder for subse
quent withdrawal. This device minimizes the risks of peripheral emboli by 
removing the debris and of intimal dissection by virtue of the guidewire. 
The AtheroCath may require repeated passages to achieve success, how
ever, and is not as effective when used for a totally occluded artery. An 
initial experience with 26 patients was reported wherein 51 stenotic le
sions requiring 131 passes reduced luminal stenosis from a mean of 79% 
to 22% .12 This preliminary experience was then expanded to include 136 
lesions in 61 patients for whom atherectomy proved initially successful in 
87%.13 In 30 of these individuals, follow-up angiography after 6 months 
demonstrated significant recurrent stenosis in the majority of patients 
unless the initial degree of stenosis was reduced to less than 30%. In the 
latter case, the rate of recurrent stenosis was only 18%.2 

The second atherectomy device approved by the FDA was the Kensey 
Catheter (Theratek, Inc., Miami, FL), which employs two entirely differ
ent mechanisms to effect both atherectomy and possibly dilatation. First, a 
cam tip secured to a central drive shaft is housed within an 8-French flexi
ble catheter and rotates at speeds up to 100,000 rpm, pulverizing athe
roma into microparticles. The second mechanism consists of a powered in
fusion system that spins a radial jet of fluid from the rotating tip against the 
wall, which not only dilates the lumen but also serves to center the tip and 
provide much-needed cooling. The advantages of this catheter include its 
efficacy in vessels totally occluded by either atheroma or thrombus. The 
catheter is positioned only once within the artery and is advanced steadily 
until the desired result is achieved. The original device had no guidewire, 
and the risk of perforation appeared higher than with other devices. The 
fate and consequence of the pulverized material remain uncertain but have 
had no apparent clinical impact beyond an occasional distal embolus. 
While initial experimental results indicated this material may indeed pro
duce microinfarctions, none were of clinical significance in the canine 
model.14 In a collective experience of over 100 patients in which this cathe
ter was originally used, only one clinically significant distal embolus was 
observed. A representative clinical experience, initially reported in a group 
of 20 patients, has been updated to include 42 patients in which balloon
assisted transluminal atherectomy was attempted in the superficial femoral 
artery .15,16 The lesions included complete occlusions and stenotic segments 
ranging from 1-20 cm in length. Claudication was the primary indication in 
33% of extremities, while severe rest pain or tissue necrosis was present in 
67%. All procedures were carried out under regional anesthetic in the 
operating room with open technique and fluoroscopic control. The cathe
ter was successfully passed in 31 of the 46 (67%) and provided initial 
hemodynamic improvement in 27 (59%) following adjunctive transluminal 
balloon angioplasty of the residual lumen. Unsuccessful passages resulted 
from perforation in 11 (25%), only one of which required suture repair, 
but there were no instances of embolization observed. The incidence of 
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perforation employing the most recent catheter design, however, was 
lower (15%). The I-year cumulative patency rate achieved for these 42 
patients appears limited to 37%: if the technically unsuccessful cases are 
excluded, the I-year rate increases to 64%. A second single center experi
ence reported from Strasbourg, France, includes 46 balloon-assisted 
atherectomies in 44 patients using the 8-French Kensey device. 17 The ini
tial technical success rate of 76% was achieved with a lower incidence of 
perforation (9%) but with three (7%) documented embolic episodes, one 
of which required popliteal embolectomy. The I-year patency rate among 
the 20 eligible patients was 70%, similar to the 64% reported by the Nor
folk group if the technically unsuccessful cases are excluded. It is important 
to note that these results in both recent series were dependent upon ad
junctive balloon angioplasty, some form of postoperative antiplatelet ther
apy, and in the case of the French experience, "antivitamin K" therapy. 

The peripheral applications for this device, currently named the Trac
Wright System (Dow Corning Wright, Inc., Arlington, TN) are under con
tinued evaluation, and several design modifications are in progress. The 
catheter has been made more flexible, a guidewire has been incorporated, 
and a smaller caliber 5-French configuration is now available. 

A third atherectomy catheter under investigation is the Auth Rotablator 
device consisting of a burr secured to a central drive shaft capable of rotat
ing at speeds up to 150,000.18 The rotating tip consists of a brass burr into 
which diamond chips have been embedded. The diameter of the burr 
ranges from 1.25 to 4.5 mm. The turbine mechanism is powered by com
pressed air, which also pumps a cooling solution to the tip. The system 
employs a central guidewire that can be independently manipulated and 
over which the burr is advanced. In theory, soft viscoelastic tissue is 
deflected by the tip while hard, fixed atheromatous tissue allows the dia
mond chips to engage. The primary advantage of the Auth device is a 
reduced incidence of perforation and the restoration of an adequate lumen 
of 4 to 4.5 mm in diameter. It is not, however, as effective as the Trac
Wright system in the setting of totally occluded vessels, and its use of ne
cessity results in microembolization of pulverized particles. The incidence 
of restenosis remains significant. Of the nine patients initially treated in the 
UCLA experience, four patients developed significant restenosis within 6 
months. 19 This restenosis rate is at variance with that reported by Gins
berg, et al., who documented successful results in 19 of 21 atherectomized 
vessels. After 5 months the restenosis rate was a minimal 10%.20 

A fifth device has recently been approved for use in the peripheral vas
culature and is manufactured by Interventional Technologies, Inc. The 
conical cutting tip passes over a central guidewire, and debris is constantly 
aspirated, reducing the chances for microembolization. The incidence of 
perforation appears quite low at present but more complete follow-up data 
is required. According to the manufacturer's literature, the TEC peripher
al atherectomy system has been used in 93 patients with 143 lesions in 12 
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clinical centers thus far. As is true with most series, the majority of lesions 
treated were located in the superficial femoral artery. The initial reported 
success rate of 92% required adjunctive balloon angioplasty for 35 lesions. 
The TEC system was initially able to reduce the degree of arterial stenosis 
by a mean of 59%. Six-month follow-up is available in 57 of the 107 cases, 
but no consistent angiographic follow-up data is available. 

The Bard rotary atherectomy device (Bard, Inc., Cardiovascular Divi
sion, Billerica, MA) consists of a cylindrical cutting tip affixed to the end of 
a flexible catheter rotating at speeds up to 1,500 rpm and is advanced 
through a lesion over a guidewire. An auger on the guidewire allows re
trieval of the incised atheromatous material through the central portion of 
the catheter. The prime advantages of this catheter appear to be related to 
low rotational speeds and reduced heat generation; a minimal tendency for 
perforation since it is guided by a central wire; and the fact that the athe
romatous debris is actually removed. The device may not, however, prove 
efficacious for totally occluded vessels. Preliminary clinical trials are 
ongoing under an Investigational Device Exemption. 

Summary 

Provided the hazards of perforation and distal embolization are minimized, 
the long-term efficacy of recanalization with these atherectomy devices will 
depend upon the fate of the remaining luminal surface. In the setting of 
small caliber vessels, it seems unlikely that sustained patency will result 
without adjunctive pharmacologic control of the fibrous intimal hyper
plastic response. Well-controlled prospective studies are much needed to 
define the role of these instruments in the management of peripheral 
vascular disease. 
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New Developments in Limb Salvage 
Infrainguinal Arterial Surgery and 
Underlying Patterns of Disease 

FRANK J. VEITH 

Introduction 

The modern era of direct surgical therapy for lower extremity arterial in
sufficiency due to arteriosclerosis began barely more than four decades ago 
with the introduction of femoral artery endarterectomy by dos Santos in 
19471 and vein bypass by Kunlin in 1949.2 Since then, advances in surgical 
technique, diagnostic radiology and patient management have fostered a 
more aggressive attitude toward limb salvage.3 Many patients with exten
sive obliterative arteriosclerotic disease, who were previously advised to 
undergo primary amputation, are now considered candidates for operative 
revascularization. 

General Approach 

Patients with limb-threatening ischemia have multisegmental arteriosclero
tic disease and present with severe, unrelenting rest pain, nonhealing ische
mic ulcers or frank gangrene. A diagnostic arteriogram is obtained in all 
patients presenting to us at this stage with few exceptions. Approximately 
4% of our patient population are not considered candidates for revascular
ization due to their nonambulatory status or when gangrene is already ex
tensive, in which case a primary amputation is usually recommended. Of 
the patients who do have an arteriogram, nearly 6% will not have distal 
arterial outflow suitable for bypass, and primary amputation may be neces
sary. Overall, therefore, 90% of the patients presenting to us with limb
threatening ischemia will undergo an attempt at limb salvage. 

Revascularization is no longer excluded in patients because of advanced 
age,4 poor medical risk, previous contralateral amputation, or gangrene 
extending to the midfoot or heel. Similarly, revascularization is seldom 
excluded because of unfavorable anatomy in the distal arterial tree. Ideal
ly, it is important to have adequate distal outflow, but occlusive disease of 
all three crural vessels or the absence of a patent pedal arch is no longer 
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considered a contraindication to attempted revascularization. Femoropo
pliteal bypasses have been successfully performed even when the popliteal 
artery ends in an isolated or "blind" segment.5 Collateral branches arising 
from such blind segments are sufficient to allow blood flow to the leg and 
foot and to maintain patency. When indicated, bypasses to the distal tibial 
or dorsalis pedis arteries are now commonly performed. The plantar and 
lateral tarsal arteries as well as other pedal branches have also been used 
successfully as sites for distal anastomosis. 6 Greater experience and tech
nical advances have allowed the performance of bypasses to diseased crural 
and pedal arteries even when they are heavily calcified circumferentially. 7 

We believe that an aggressive approach to limb salvage, including use of 
modem arteriographic techniques, revascularization, extensive debride
ment of wounds as necessary and reoperation when indicated, produces 
vital periods of limb salvage and palliation with low cost in major amputa
tion, morbidity and mortality. This approach, in patient population that 
includes many referrals for secondary operations, has resulted in an overall 
limb salvage rate of 75% at one year and 66% at five years. 

Best Graft: Vein vs. PTFE 

The advantages of using autologous saphenous vein routinely in preference 
to prosthetic grafts has been widely debated. In a prospective, randomized 
study8 comparing autologous saphenous vein (ASV) to polytetrafluoro
ethylene (PTFE) grafts for femoropopliteal bypasses, a significant differ
ence in patency at 48 months was attained only for bypasses to the below
knee popliteal artery (76% ASV vs. 54% PTFE; P < 0.05). Although a 
trend favoring vein grafts was apparent, no statistically significant differ
ence in patency was obtained for bypasses to the above-knee popliteal 
artery (61% ASV vs. 38% PTFE; p>0.05), nor was there any significant 
difference in limb salvage at 48 months whether the bypass was above 
(78% ASV vs. 77% PTFE; p> 0.9) or below (75% ASV vs. 62% PTFE; 
p>O.I) the knee. 

A review of bypasses to the infrapopliteal arteries showed vein grafts to 
have a significantly better primary patency rate at 48 months than PTFE 
grafts (49% ASV vs. 12% PTFE; p < 0.001). Limb salvage, however, again 
was not significantly different (57% ASV vs. 61 % PTFE; p> 0.05). 

Although PTFE grafts may be acceptable for bypasses above the knee, 
we preferentially use an autologous vein graft for all bypasses when it is 
available and adequate. If the greater saphenous vein is unavailable or 
inadequate, the lesser saphenous or the cephalic veins9 may be harvested. 
If necessary, vein may be harvested from the contralateral leg if its circula
tion is deemed adequate to support healing of the surgical incision. When 
autologous vein is not available, we prefer PTFE grafts as the best alter
nate. Although the use of PTFE grafts to distal vessels remains controver
sial, our results and otherslO indicate that this option is feasible. In the 
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absence of an adequate vein, we believe that a PTFE graft bypass, even to 
the crural and pedal arteries, is a better option than amputation. 

Distal Origin Grafts 

The common femoral artery has generally been regarded as the optimal 
site of origin for bypasses to the popliteal and infrapopliteal arteries. In 
selected patients, however, we have found the preferential use of the su
perficial femoral, deep femoral or popliteal arteries as inflow sources for 
distal bypasses to be a valuable adjunct in our operative management. ll ,12 
When these vessels are normal or only minimally diseased proximal to the 
origin of the bypass, six-year patency rates are equivalent to those for simi
lar operations performed with the common femoral artery as the inflow 
source. 

There are several advantages to the preferential use of a distal inflow 
source in selected patients. One may avoid dissection in obese, scarred or 
infected groins. Vein utilization increases, especially in those instances 
when a limited portion of acceptable vein remains. The shorter length of 
the bypass may decrease the extent and duration of the operation. Finally, 
if infection occurs in the area of the proximal anastomosis, management is 
greatly simplified since continuity of flow to the proximal deep femoral 
artery is never threatened. 

Short Vein Grafts 

The use of distal sites for origin of inflow has resulted in late graft patency 
and limb salvage rates for short vein bypasses that are superior to those of 
more standard operations (11), particularly in the presence of a disadvan
taged outflow tract.13 Tibiotibial vein bypass grafts yielded a 91 % salvage 
rate and 71 % patency rate at 42 months.14 A patency rate of 81 % at 24 
months was achieved with short vein bypasses to foot branches (6). 

Thus, a short vein bypass is a good operation when vein is limited and 
may be better than longer grafts in unfavorable circumstances. In addition, 
although proponents of in situ saphenous vein grafts maintain that these 
fare better than reversed vein grafts of equal caliber to disadvantaged out
flow tracts, the ability to use an ectopic portion of vein often makes this 
procedure feasible when an in situ bypass is not. 

Failing Graft Concept 

Infrainguinal bypasses usually result in limb salvage, however, many of 
these bypasses ultimately fail and the limb may again be threatened. Graft 
failure may be caused by lesions within an autologous vein graft, anas-
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tomotic neointimal hyperplasia, or inflow and outflow lesions produced by 
progression of atherosclerosis. Close follow-up of patients with physical 
examination and noninvasive studies, in addition to queries of recurrent 
symptomatology, is essential to detect hemodynamically significant lesions 
prior to graft thrombosis. 15,16 

Although reoperation following graft thrombosis can frequently salvage 
the limb, the procedures required are often complex and technically 
demanding. 17 Conversely, if the treatment for any of these lesions can be 
undertaken prior to graft thrombosis, they may often be corrected or im
proved by percutaneous transluminal angioplasty or a simple operation.16 

Therefore, complete arteriography with visualization of arteries from the 
renals to the pedal arch is obtained in any patient with recurrent ischemic 
symptoms or who demonstrates a deterioration in the status of their vascu
lar reconstruction manifested by diminution of distal pulses or noninvasive 
laboratory studies. 

The advantages of early intervention in the management of such "fail
ing" grafts were clearly demonstrated in a studyI7 comparing patency rates 
after reoperation for failed or thrombosed grafts versus patent but 
hemodynamically failing grafts. A two-year patency rate of 83% was 
achieved following reoperation for "failing" femoropopliteal extraanato
mic bypasses, whereas only 23% of those operated on for thrombosed 
grafts were still patent two years later. 

Unusual Approaches to Infrainguinal Arteries 

Even though almost all operations at our institution are performed for limb 
salvage, subsequent failure of the bypass may not threaten limb viability. 
In some patients, gangrene and infection is healed by the original opera
tion, and the limb remains intact when the bypass occludes. However, pa
tients with occluded grafts and threatened limbs will require a secondary 
operation if amputation is to be avoided. Results with these secondary 
procedures can be surprisingly good.3 

As secondary operations are required more frequently, it is increasingly 
common to encounter patients in whom the standard surgical approaches 
are rendered difficult or impossible because of extensive surgical scarring 
or persistent infection in a previous incision. 

To facilitate reconstructive surgery in the presence of infection or surgic
al scarring, we have used the following unusual approaches: The middle 
and distal portions of the deep femoral artery were directly approached 
anteriorly in the midthigh for outflow in 35 cases or inflow in 17 cases,12 
The above-knee popliteal artery (PA) was approached laterally in 11 cases, 
and the below-knee PA was approached laterally with resection of the prox
imal fibula in 10 cases. IS When the PA was approached laterally for out
flow, the bypass inflow was derived from the descending thoracic artery in 
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two cases, the ipsilateral axillary artery in three cases, the abdominal aorta 
in one case, the retroperitoneal external iliac in two cases, and the femoral 
artery in three cases. In 14 cases the anterior tibial (five cases), posterior 
tibial (three cases) or peroneal (six cases) arteries were approached 
laterally19 with resection of the fibula. In 10 cases the medial or lateral 
plantar branches of the posterior tibial artery were approached medially for 
graft insertion. In five cases the lateral tarsal branch of the dorsalis pedis 
artery was approached via a dorsal flap incision for bypass insertion. In four 
cases the metatarsal arch branch of the dorsalis pedis artery was approached 
anteriorly with resection of the shafts of the metatarsal bones. All these 
approaches provide access to previously dissected arteries via virginal tis
sue planes. They are particularly useful for secondary operations after pre
vious bypass failures and permit limb salvage that would otherwise be dif
ficult or impossible. 

Conclusions 

Treatment of patients with peripheral vascular disease and limb threaten
ing ischemia is both challenging and demanding. The key to limb salvage is 
commitment, which is often multidisciplinary; the graft is only one small 
factor. At our institution and many others, an aggressive approach to limb 
salvage has been greatly rewarding, and we believe that few patients 
should undergo primary amputation without an attempt at revasculariza
tion. 
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25 
Preliminary Clinical Experience with 
Polyurethane Vascular Prostheses in 
Femorodistal Reconstruction 

PHILIPPE G. BULL, HELMUTH DENCK, ROBERT GUIDOIN, 
and HELMUTH GRUBER 

Abstract 

After promising results in animal experimentation, implantation of poly
urethane vascular prostheses for femoral reconstruction was performed in 
15 patients during a lO-month period. This prospective study was carried 
out to evaluate patency, limb salvage and complications associated with 
this type of small diameter conduit for arterial occlusive diseases. Indica
tions for operation included acute and chronic ischemia, nonhealing 
ulceration, or gangrene. They were five early occlusions, which resulted in 
a I-month primary patency rate of 66% and a secondary patency rate of 
80%. The mean limb salvage rate at one month was 80% and at this stage 
of the study, 66%. Infection occurred in one patient following multiple 
graft thrombectomy attempts. There were no statistically significant differ
ences in patency rates between proximal and distal popliteal graft anasto
moses. Two critical phases of healing, in which the graft was prone to flow 
deterioration, were identified at 4 to 6 weeks and at 4 to 6 months. Elec
tron microscopic studies revealed early endothelial cell formation even 
under poor hemodynamic conditions, minimal graft-host reaction and 
good structural resistance at the suture site. Further intensive investiga
tions, however, are required to identify patient groups who would benefit 
from such a prosthesis. 

Introduction 

Autologous saphenous vein is the most reliable graft conduit currently in 
utilization for lower limb revascularization. 1- 3 However, since almost a 
third of peripheral vascular interventions are reoperations, the vein can 
often be absent or unsuitable as arterial grafting. 4 Many substitutes have 
gone through extensive clinical trial, but it is apparent that none have been 
proven to be as effective as the vein. 5- 7 
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Over the past few years polyurethane synthetic materials have been in
troduced in the field of investigation as a promising substitute for small 
caliber grafts. They are reported to be relatively nonthrombogenic, but 
material degradation over time with aneurysmal dilatation was seen early 
on.8 Molecular alteration has produced a medical grade polyurethane with 
better stability and improved resistance to oxidative processes in the bio
logical environment.9 Promising results in the animal model prompted us 
to evaluate this new kind of synthetic graft as an arterial substitute. 10-12 

The objective of this study was to evaluate prospectively the early paten
cy rate, graft-host compatibility, and healing process associated with this 
new synthetic graft. 

Patients and Methods 

Patient selection was performed under the prerequisites that the auto
genous saphenous vein be either absent or unusable, that a chronic or 
acute ischemia be present, and that a written consent to take part in this 
study be obtained. The study protocol was sanctioned by the Ethic Com
mission on Human Experimentation of the Municipal Hospital of Vienna. 
The pertinent data of all 15 patients (12 men, 3 women) are summarized in 
Table 25.1. The average age was 63.8 years (range, 53 to 77 years). All 
underwent unilateral bypass. Associated diseases and risk factors are 
shown in Table 25.2. 

The indications for operation were severe claudication (grade I, category 
3) in two cases; acute ischemia (grade II) in four cases, chronic ischemia in 
three cases, and nonhealing ulceration or gangrene (chronic ischemia, 
grade III) in six cases. 

All patients underwent conventional angiography preoperatively to de
termine the quality of runoff tibial vessels. In most cases this examination 
was completed with a selective digital subtraction angiography to visualize 

TABLE 25.2. Associated disease and risk factors. 

Disease 

Heart disease 
Hypertension 
Diabetes 
Cerebrovascular insufficiency 
Renal insufficiency 
Dysfibrinogenemia 
Paraneoplasmic syndrome 
Smoking 

No 

5 
10 
6 
6 
3 
2 
2 
7 

% 

33 
66 
40 
40 
20 
13 
13 
47 
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the pedal arch. Runoff was considered acceptable if at least one tibial or 
peroneal artery was patent. 

Prosthesis 

The structural and physical properties of this type of prosthesis have pre
viously been described in detail (9). Briefly, the prosthesis is made by elec
trostatic spraying of liquid polyurethane on a rotating mandrill, giving the 
prosthesis a fibrous structure and flexibility. The hydrophilic wall is porous 
for air but not for cellular elements of the blood. Porosity is produced by 
phase separation during manufacturing. Very minimal porosity for plasma 
is present, which makes preclotting unnecessary. The slightly elastic nature 
of the prosthesis makes it easy to handle surgically. The two types of 
prosthesis employed had an internal diameter of 6 mm and 5 mm, respec
tively, whereby the latter was externally reinforced by removable rigid 
polyurethane rings. 

Operative Procedure 

All operations were performed following the same scenario: the distal 
anastomosis was performed first in end-to-side manner-in one case a 
short segment of autogenous vein was used to form a Linton patch. The 
sites of the proximal and distal anastomoses are shown in Table 25.1. All 
anastomoses were performed using continuous monofilament polypropy
lene sutures, 7-0 for the distal and 6-0 for the proximal anastomosis. The 
proximal anastomosis was constructed end-to-end to include the origin of 
the deep femoral artery, creating a profundal augmentation plasty. The 
anastomoses were performed under factor 2 magnifying glasses. Intra
operative systemic heparinization was achieved with a bolus of 5000 IV 
heparin at clamping and maintained postoperatively with 20,000 IV per 
day. Subsequent long-term oral anticoagulation was given if not con
traindicated, otherwise a combination of 250 mg acetylsalicylic acid and 25 
mg dipyridamol was given. Each patient received a prophylactic dose of 2 g 
Cefamandol (Mandokef, Lilly) 1 hour before surgery. 

Follow-up 

Outcome of the procedure was judged by the relative degree of clinical 
improvement, combined with changes in the anklelbrachial index (ABI), 
conforming to the guidelines set forth by the Society for Vascular Surgery
International Society for Cardiovascular Surgery.13 Follow-up examina
tions were performed by one of the authors (PG Bull) at 1 and 3 months 
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postoperatively, thereafter every 6 months. Graft patency was confirmed 
by duplex examination and measurements of distal pressure. Angiography 
was indicated only if signs of impending graft failure were present. 

Statistical Analysis 

Life tables for clinical success and limb salvage rates were constructed by 
life table analysis with calculation of the standard error as recommended 
by Peto et al.14 Statistical analyses of the patency rates were performed 
with the log-rank test. Cumulative patency rates were estimated by the 
Kaplan-Meier method. 

Results 

There was no peroperative mortality. One patient (No. 15) suffered a car
diac arrest in the immediate postoperative phase and required resuscita
tion. Following this the limb was ischemic for a period of 1 hour but recom
pensated under conservative therapy. Angiographic examination at 4 days 
demonstrated a patent graft. During the follow-up period one patient (No. 
3) died of myocardial infarction at 9 months with the graft patent. One 
patient suffered a myocardial infarction of the posterior wall at 6 months 
requiring 2 weeks of CCU. At follow-up, 6 weeks later, the Doppler pres
sure index had fallen to preoperative value, but the graft was patent in the 

TABLE 25.3. Arterial pressure (ankle-brachial indices). 

At follow-up (months) 

Patient no Preoperative Postoperative 3 6 

1. 0.1 0.5 0.6 0.6 0.6 
2. 0.0 0.7 0.6 0.5 0.5 
3. 0.25 0.8 0.8 0.8 0.8 
4. 0.4 0.5 0.5 0.5 0.5 
5. 0.6 0.45 AMP 
6. 0.65 0.8 1.0 1.0 1.0 
7. 0.6 0.9 0.6 0.7 0.7 
8. 0.6 1.5 1.5 1.5 1.5 
9. 0.3 1.0 0.3 0.3 0.3 

10. 0.0 nm 0.0 AMP 
11. 0.0 0.0 0.0 AMP 
12. 0.3 0.0 0.0 AMP 
13. 0.5 1.0 1.0 1.2 1.2 
14. 0.3 0.5 0.2 1.0 
15. 0.6 1.0 0.9 AMP 
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duplex examination and gangrene had healed. A treadmill test was not 
performed because of low cardiac output (see Table 25.3). 

Graft Patency 

Primary patency is shown in the actuarial curve in Table 25.4. There were 
five occlusions within the first 4 weeks, resulting in a primary patency rate 
of 66%. Restoration of patency by thrombectomy alone did not succeed in 
maintaining the graft patent in any patient. In case No.5, a femoro
popliteal venous graft was implanted 11 years previously and showed in
tensive aneurysmatic degeneration. Only one tibial artery with multiple 
stenoses was viewed in the angiogram. Graft occlusion occurred on 
the seventh postoperative day, and fibrinogen activity was very high with a 
concentration of 694 mgldl. In case No. 11 graft occlusion occurred on the 
day (12) the patient was to be discharged. A series of thrombectomy was 
attempted without success. Aneurysmatic degeneration of a 7-year-old 
venous graft bypass, implanted because of bilateral popliteal aneurysms 
with peripheral embolization, was also the indication for surgery in case 
No. 12. Occlusion occurred on the 18th day after an uneventful recovery 
from bilateral femoral reconstruction. Fibrinogen concentration was not 
measurable, having passed the peak of 700 mgldl at this stage. A scanning 
electron micrograph (SEM) of the explanted graft revealed patches of 
semiendothelialization at the anastomosis site (Fig. 25.1). Indication for 
surgery in case No. 14 was acute thrombosis following femoral PTA. Graft 
occlusion was observed on the 10th postoperative day, and thrombectomy 
was attempted twice without success. Subsequently, a venous jump graft 
bypass to the tibiofibular trunk was performed with success. 

The fifth occlusion (case No.9) was due to a technical failure in which 
the prosthesis was pulled accidentally through the adductor muscle. A re
transposition of the prosthesis graft was performed successfully. The pa
tient was discharged with a patent graft as documented by angiography, 
but returned 6 weeks later with a reocclusion. Rethrombectomy was not 
attempted because it was thought that collaterals could compensate the 
ischemia, and the patient was put on prostaglandin infusion. 

Patient No.6 complained of rest pain 4 weeks after discharge. Graft 
occlusion was diagnosed and thrombectomy attempted, but reocclusion 
occurred in the immediate postoperative phase. A venous jump graft to the 
distal popliteal segment was performed thereafter with success. Histologic 
examination revealed fibrotic thrombus adhesion to the prosthetic wall 
with mural infiltration of foreign-body giant cells (Fig. 25.2). 

At 6 weeks early graft occlusion occurred in patient No. 10, who had up 
to then significant amelioration of her gangrenous limb. Lytic therapy was 
started but interrupted because of intolerable pain resulting in below-knee 
amputation. SEM studies showed a normal anastomosis. The polyurethane 
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A 

B 

FIGURE 25.1. Scanning electron micrograph of an occluded polyurethane vascular 
graft at 18 days with: (A) coagulate in the immediate vicinity of the anastomosis, 
(B) despite early subjacent cicatrization with patches of semiendothelialization, 
compacted fibrin (C) is present everywhere. 
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c 

structure was filled with cellular blood elements captured between the 
graft's fibers (see Fig. 25.3). 

One other patient (No.7) also had a deterioration in arterial pressure at 
3 months although the graft was still patent. Case No. 15 had advanced 
foot gangrene and low cardiac output. Occlusion occurred 2 months post
operatively, at which time the patient was taken over by another institute 
where an above-knee amputation was performed. 

Limb Salvage 

Occluded graft remained in spite of thrombectomy in three cases, and led 
to five amputations. The limb salvage rate at 1 month was 86%, overall 
limb salvage at this stage of the study is 66%. 

Infection 

One case of superficial wound infection was documented, which healed 
without further complication with topical antiseptic therapy. In case No. 11 
Staphylococcus aureus infection occurred after three unsuccessful throm
bectomy attempts (Fig. 25.4) . The graft reoccluded the following week. 
Local excision and drainage were insufficient, and the infection propagated 
to the bifurcation graft bypass, requiring explantation, and ended with 
limb loss after 4 months. 
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FIGURE 25.2. HE histologic section of distal anastomosis occluding at 4 weeks: Ex
tensive fibrin and cellular elements covering the inner surface of the polyurethane 
graft with blood-filled residual lumen. 
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A 

B 

----------------------------------------------------------~C> 

FIGURE 25.3A-C. Anastomotic area of occluded polyurethane graft (SEM): The 
anastomosis is normal; the inner structure of the graft is filled with cellular blood 
elements and fibrin. The external support shows a tendency to compress the outer 
porous structure. 
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c 
Fig. 25.3C 

Discussion 

Autologous saphenous vein remains, when available, the optimal small 
caliber graft. Adequate graft patency was noted in veins with as little as 3.0 
mm external diameter.l5 A recent study reviewed all pertinent literature 
on femoropopliteal grafting in order to obtain patency rate estimates for 
grafts in different situations.16 The reported results confirmed the differ
ence in long-term patency between vein and prosthetic grafts and the 
tendency for a high initial failure rate with a slower, almost constant, attri
tion rate over subsequent years . Above-knee grafts had an average occlu
sion in the first year of 20.2%, and prosthetic grafts 23.5% . Below-knee 
vein grafts had a reported rate of 24.3%, and 39.0% was reported for 
synthetic grafts. This report is interesting insofar as it can be used as a 
reference when comparing different graft materials. 

The goal is to develop an arterial synthetic substitute that will maintain 
patency in a diameter of less than 4 mm and with a flow of 50 mllmin,17 Up 
to this moment, no synthetic graft material can achieve this performance. 

Polyurethane is composed of soft polyether groups and hard urethane
urea groups. Their biocompatibility is partly due to alternation between 
soft and hard segments. In polymer with predominantly soft components, 
protein and conformational variations of fibrinogen adsorption onto the 
surface is increased, whereas if the polymer contains more hard segments, 
the biocompatibility is increased due to reversible bonding of hydrogen of 
the secondary amide groups with peptides of fibrinogen. 18 
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FIGURE 25.4. Occluded polyurethane graft with Staphyloccoccus aureus infection in 
the thrombus. 
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On the present evidence, no indication is given that polyurethane has a 
superior patency to other types of synthetic graft material. On the con
trary, excessive pannus may form at the proximal anastomosis, as detected 
on duplex sonography, resolving in 4 to 6 weeks, as detected in two 
patients, but might reoccur in the following months. Furthermore, obstruc
tive fibrin deposits might be ,responsible for the deterioration of ankle/ 
brachial pressure with flow disturbances at the site of the proximal anasto
mosis seen in two patients at 4 and 10 months follow-up, respectively. The 
occurrence of occlusive thrombi at different times of implantation suggests 
alternation of the fibrinolytic and thrombogenic phases as observed along 
this study period and seems to correspond to earlier reports in animal 
study. 19 

The patency rate reported in our series was 66% at 1 month and 47% at 
1 year. Although the failure rate at 1 year was much higher than expected 
(four of eight above-knee and four of seven below-knee graft bypasses) as 
compared to the expected average-year failure of 23.5% and 39%, respec
tively (reported by Michaels), statistical evidence was not enough to reject 
the hypothesis that the new material is equally good at the 5% level of 
significance (x2-test). The log-rank test did not reveal a significant differ
ence at the 5% level between proximal and distal anastomosis. This, 
however, may be due to the small number of patients in the two groups. 
Factors found to be associated with decreased patency were poor runoff 
and a hypercoagulable state that did not respond to heparin or antivitamin 
K medication. 

Conclusions 

The authors conclude that, although this type of graft has many interesting 
features, its general use cannot be recommended until additional investiga
tions are performed. Further studies on protein absorption on the surface 
of the graft, complement activation, platelet aggregation and fibrinogen 
consumption, as well as intensive structural testing, are required before 
definitive recommendation can be made. 
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Summary 

Intimal hyperplasia of the distal anastomosis was studied angiographically 
in 26 patients (31 limbs) who underwent femoropopliteal bypass graft and 
had more than 1 year patency. 

Mean follow-up was 32 months (range, 12-105 months) for autologous 
saphenous vein graft (ASV group, 15 cases) and 24 months (range, 12-64 
months) for polytetrafluoroethylene graft (EPTFE group, 16 cases). The 
stenotic rate (SR) was calculated from digital subtraction arteriograms and 
rounded off to 0, 10,25,50 or 75%. SR was measured both immediately 
after surgery and at follow-up in 7 of 15 cases in the ASV group and in 11 of 
16 cases in the EPTFE group. Some stenosis of the distal anastomosis was 
noted in 8 of 15 cases (53.3%) in the ASV group and in 8 of 16 cases 
(50.0%) in the EPTFE group. The SR in patients with measurements both 
immediately after surgery and at follow-up, which was 0% in 6 and 10% in 
one case immediately after surgery, was 0% in 4 cases, 10% in 2 cases, and 
25% in 1 case at follow-up. In the EPTFE group, SR immediately after 
surgery was 0% in 7, 10% in 2, and 25% in 2 cases of 11 cases with 
measurements both immediately after surgery and at follow-up. SR at 
follow-up, however, was 0% in 4, 10% in 3, 50% in 3, and 75% in 1 case. 

Technical factors causing stenosis when the anastomosis is created 
appear to be the primary risk factor for intimal hyperplasia as a cause of 
late graft failure. 

The etiology of femoropopliteal bypass vein or EPTFE graft failure re
mains to be elucidated fully. Generally speaking, early graft failure usually 
is attributed to technical problems, and late graft failure to progression of 
atherosclerosis in native vessels proximal or distal to the graft or intimal 
hyperplasia at the anastomosis. However, the details of these processes are 
unknown. 

314 
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This study examines intimal hyperplasia at the distal anastomosis after 
femoropopliteal bypass and attempts to determine which factors affect it. 

Materials and Methods 

Primary femoropopliteal arterial bypass was performed in 80 limbs (65 pa
tients) from 1981 to 1989 (age range, 48 to 81 years; mean, 67.5 year). 
Autologous saphenous vein graft (ASV group) was used in 37 limbs 
(above-knee in 26 and below-knee in 11) and polytetrafluoroethylene graft 
(EPTFE group) in 43 limbs (above-knee in 19 and below-knee in 15). 
Among these, 26 patients (31 limbs) had graft patency for at least 1 year 
and had undergone arteriography within recent 1 year. Twenty-three pa
tients (88 percent) were men. The indication for arterial reconstruction was 
claudication in 11, ischemic rest pain in 2, and nonhealing ischemic ulcer in 
2 patients in the ASV group; and was claudication, ischemic rest pain, and 
ischemic ulcer in 9, 4 and 3 cases in the EPTFE group, respectively. The 
distal anastomosis was above-knee in 14 cases and below-knee in one case 
in the ASV group, and above-knee in 13 cases and below-knee in 3 cases in 
the EPTFE group. Mean follow-up was 32 months (range, 12-105 months) 
in the ASV group and 24 months (range, 12-64 months) in the EPTFE 
group, (Table 26.1). 

Intravenous digital subtraction angiography (IVDSA) was performed in 
the outpatient department to examine changes of distal anastomosis and 
confirm patency. Contrast material (total volume, 30-35 ml) was adminis
tered into the radial vein at a rate of 13 ml/sec. Angiograms were obtained 
in a lateral projection. 

The stenotic rate (SR) was calculated using the following formula: 

SR(%) = Dz - Dl X 100 
Dz 

where Dz is the internal diameter of normal host artery dIstal to the distal 
anastomosis, and Dl is the smallest internal diameter of the stenotic host 

TABLE 26.1. Severity of symptoms and site of distal anastomosis in patients with 
patent femoropopliteal bypass. 

Distal anastomo-
Fontaine tic site (knee) 

II III IV Above Below Follow-up period 
(months) 

GSVG (n= 15) 11 2 2 14 1 32 
EPTFE (n = 16) 9 4 3 13 3 24 
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____ / Prosthesis 
/' 

Stenotic Rate (%) 

FIGURE 26.1. Formula and schema for calculating the stenotic rate at the distal of 
femoropopliteal bypass graft: 
D2 = internal diameter of normal distal host artery; 
Dl = internal diameter of maximal stenosis area of the host artery just distal to the 
anastomosis. 

artery just distal to the distal anastomosis (Fig. 26.1). The SR was calcu
lated both immediately after surgery and during follow-up in 7 of 15 cases 
in the ASV group and 11 of 16 cases in the EPTFE group. 

The stenotic rate was rounded off to 0, 10, 25, 50 or 75% (Fig. 26.2). 

Results 

The cumulative life-table primary patency rate was calculated in all cases 
(Fig. 26.3). No significant difference between the ASV and EPTFE groups 
was observed for up to 3 years after operation (64.0% vs. 71.3%, respec
tively). 

Eight of 15 limbs (53.3%) showed some stenosis of distal anastomosis in 
the ASV group; the SR was 10% in 2,25% in 3, and 50% in 3 cases. In the 
EPTFE group, 8 of 16 limbs (50.0%) demonstrated anastomotic stenosis; 
the SR was 10% in 3, 25% in 1, 50% in 3, and 75% in 1 case (Table 26.2). 

TABLE 26.2. Stenotic rate of distal anastomotic site. 

ASV (n= 15) 
EPTFE (n = 16) 

10 

2 
3 

Stenotic rate % 

25 

3 

50 

3 
3 

75 

ASV: autologous saphenous vein; EPTFE: expanded polytetrafluoroethylene 

Total (%) 

8(53.3) 
8(50.0) 
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c o 
FIGURE 26.2. Arteriograms showing percent stenosis. Stenosis was rounded off to 
O(A), lO(B), 25(C), or 50(D)%. Arrows indicate stenosis. 

The SR immediately after arterial reconstruction in the ASV group was 
0% in 6 and 10% in one limb. At follow-up, the SR in these limbs was 0% 
in 4, 10% in 2, and 25% in one case. The limb with the SR of 25% at 
follow-up was 10% immediately after reconstruction. Of 11 limbs in the 
EPTFE group, the SR was 0% in 7, 10% in 2, and 25% in 2 cases im
mediately after surgery. At follow-up, however, the SR was 0% in 4, 10% 
in 3, 50% in 3, and 75% in one case. The limbs in which the SR was greater 
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FiGURE 26.3. Cumulative life-table patency rates for autologous saphenous vein 
(ASV) and polytetraftuoroethylene (PTFE) femoropopliteal bypass grafts. No sig
nificant difference in patency rate existed between the ASV and EPTFE groups. 
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FIGURE 26.4. Comparison of stenotic rate of distal anastomosis immediately after 
arterial reconstruction and at least one year after surgery in patients with femor
opopliteal bypass graft. Patients with slight stenosis of the distal anastomosis im
mediately after surgery showed high grade stenosis at follow-up. Open circles indi
cate patients who underwent angiography only at follow-up. 
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FIGURE 26.5. Arteriograms showing morphologic changes of distal anastomosis in 
ASV graft. Distal anastomosis, which was no stenosis immediately after surgery 
(A), showed stenosis of 10% at the toe 12 months after surgery (B). Arrows indi
cate stenosis. 

FIGURE 26.6. Arteriograms showing morphologic changes of distal anastomosis in 
EPTFE graft. The stenotic rate, which was 25% immediately after surgery (A), 
increased to 50% 12 months after surgery (B). Arrows indicate stenosis. 
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than 10% immediately after reconstruction had high grade stenosis, more 
than 50%, at follow-up (Fig. 26.4). 

Changes in distal anastomotic shape in the ASV and EPTFE groups are 
shown in Figs. 26.5 and 26.6. 

Discussion 

Despite the generally satisfactory performance of femoropopliteal bypass 
grafts, a considerable number eventually fail after varying intervals. Im
portant factors correlating with long-term patency are the type of graft 
used, l the site of the distal anastomosis,2 and arteriographic runoff.3 
According to Veith et al.,4 EPTFE grafts may be used preferentially for 
femoropopliteal bypass in selected poor-risk patients because patency rates 
for ASV and EPTFE grafts are similar for 2 years after operation. How
ever, the overall patency rate for femoropopliteal bypass using EPTFE was 
inferior to ASV. In our hands the cumulative patency rate for the 2 grafts 
was similar for 4 years after surgery. This supports the routine use of 
EPTFE grafts in selected cases. It is believed that long-term antiplatelet 
therapy results in a high patency rate even with EPTFE femoropopliteal 
bypass grafts. 

Intimal hyperplasia is the most common cause of late graft failure after 
femoropopliteal arterial reconstruction. Ascer et a1.5 have shown that 
although no cause for late graft failure could be established in almost one 
third of cases, intimal hyperplasia was present in 22 of 104 cases (21 %) of 
EPTFE bypass graft occlusion. Periodic arteriography must be performed 
to determine true incidence of anastomotic intimal hyperplasia. Conven
tional arteriography is extremely stressful and cannot be performed 
routinely. However, IVDSA is minimally invasive and can detect morpho
logic changes at the anastomosis. The incidence of intimal hyperplasia is 
significantly greater at the distal than proximal anastomosis of in situ vein 
grafts,6 and furthermore, distal hyperplasia is more rapidly progressive. 
This study examined the distal anastomosis only, and intimal hyperplasia 
originated at the toe of the graft in almost all case.5 

Almost all patients who developed high grade stenosis of the distal anas
tomosis had at least slight stenosis immediately after surgery. This high
lights the importance of meticulous surgical technique, as even low-grade 
stenosis will place the patient at risk for eventual graft failure secondary to 
progressive intimal hyperplasia. Serial changes in morphology and intimal 
hyperplasia were similar for EPTFE and ASV grafts. Why, then, is the 
patency rate for ASV grafts higher than for EPTFE grafts? No evidence for 
a more vigorous reaction by the host artery against EPTFE graft than ASV 
graft was detected. We believe that the patency rate is most dependent 
upon the quality of the anastomosis at the time of its creation. Further 
study is necessary to understand the nature of the host artery's reaction to 
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the graft and what therapeutic implications such knowledge might bring. 
Nevertheless, the creation of an unftawed anastomosis remains the 
surgeon's responsibility. 
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Abstract 

A lO-year experience of 217 femoropopliteal bypasses (FPBs) to isolated 
popliteal artery (IPA) segments in 207 patients is reported. Thirty-three 
FPBs (15%) were performed with reversed saphenous vein (RSV) and 184 
(85%) with polytetrafluoroethylene (PTFE) grafts. Operative indications 
were gangrene in 121 (56%), nonhealing ulceration in 40 (18%), ischemic 
rest pain in 51 (24%), and claudication in 5 (2%) cases. The 5-year primary 
graft patency rate of these bypasses was 59% (RSV = 74%, PTFE = 55%; 
P < 0.05), the secondary 5-year graft patency rate was 61 % (RSV = 79%, 
PTFE=56%; p<0.05), and the 5-year limb salvage rate was 78% 
(RSV = 78%, PTFE = 78%). The 30-day operative mortality rate was 10% 
and the 5-year patient survival rate was 38%. Eleven patients (5%) re
quired lower extremity amputation because of progressive gangrene or ex
tensive infection despite a patent bypass to an IPA segment. Amputation 
was avoided in 23 patients (11%) by reoperation and secondary graft ex
tension to an infrapopliteal artery with RSV. FPB to an IPA segment com
bined with graft extension to an infrapopliteal artery with RSV was per
formed as primary therapy in 19 (9%) patients because of extensive pedal 
necrosis or infection. We conclude that FPBs to IPA segments: 1) have 
acceptable 5-year graft patency and limb salvage rates; 2) should be per
formed with RSV grafts when possible; 3) may be performed with PTFE 
grafts if necessary, with a resulting limb salvage rate equal to that of RSV 
grafts; and 4) require sequential extension to an infrapopliteal artery when 
foot necrosis or infection is extensive. In addition, the presence of an IPA 
segment is associated with a high operative mortality rate and limited life 
expectancy due to coronary artery disease. 

Introduction 

In 1967, Mannick et al. l reported that limb salvage could be achieved in 
patients with an isolated popliteal artery (IPA) segment by performing 
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a femoropopliteal bypass (FPB) with reversed saphenous vein (RSV). 
Subsequently, FPBs to IP A segments performed with expanded 
polytetrafiuoroethylene (PTFE) grafts were shown to afford acceptable 
short-term patency and limb salvage rates.2 Despite these and other en
couraging reports of FPBs to IPA segments,3-11 the results of FPB are still 
believed by many to be dependent upon the patency of the runoff bed as 
determined by arteriography. In addition, there is a dearth of reports of 
late results with bypasses to IP A segments and a widespread belief that 
such procedures with PTFE grafts have poor results and should not be 
performed. 

The purpose of the present report is to detail long-term patency and limb 
salvage results in a series of 217 FPBs to IPA segments. Since most of these 
procedures were performed with PTFE grafts, it elucidates the value of 
PTFE grafts when autologous vein is unavailable or of poor quality. In 
addition, it examines some of the limitations of this operation and empha
sizes the need for distal extensions to optimize limb salvage results when 
foot necrosis or infection are extensive. 

Methods 

Clinical Data 
During the 10-year period 1980 to 1989,217 FPBs to IPA segments were 
performed in 207 patients with severe infrainguinal arterial occlusive dis
ease. The indications for operation were gangrene in 121 (56%), nonheal
ing ulceration in 40 (18%), ischemic rest pain in 51 (24%), and claudication 
in 5 (2%) cases. The mean age of the patients was 73 ± 11 (1 S.D.) years 
(range, 38 to 99 years); 103 (49%) were men and 104 (51 %) were women. 
There was a high incidence of associated medical illness, including diabetes 
mellitus in 142 patients (69%), coronary artery disease in 134 (65%), 
hypertension in 130 (63%), and a smoking history in 111 (54%). 

FPBs to IP A segments originated from the common femoral artery in 
160 (74%) and the superficial femoral artery in 57 (26%) cases. The bypass 
grafts terminated above the knee in 127 (59%) and below the knee in 90 
(41%) cases. RSV was used in 33 cases (15%) and PTFE grafts in 184 
(85%). Minimum selection criteria for FPB to an IPA segment included 7 
em of patent artery proximal to the terminal arterial occlusion and at least 
one major collateral branch vessel visualized by arteriography.2,8 Patients 
with extensive gangrene of the midfoot or severe organic mental syn
dromes were excluded from consideration for FPB; these patients usually 
underwent primary amputation.7,8,11 

Postoperative Management 
Patients were examined every 1 to 3 weeks for the first 3 months after 
operation and then every 1 to 3 months thereafter. Bypass graft patency 
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was confirmed by unequivical pulse examination, doppler determined 
ankle pressure measurements and pulse volume recordings. FPB graft 
evaluation by Duplex examination or contrast arteriography was per
formed in patients who had significant changes in any of these parameters 
or a recurrence of ischemic symptoms. 

All patients whose FPB thrombosed within the first 30 days after opera
tion underwent reoperation. Patients whose FPB thrombosed after 1 
month were considered for reoperation if the limb was rethreatened and 
there were nO contraindications to another attempt at revascularization. 
Our strategies for the diagnosis, therapy, and operative management of 
thrombosed grafts have been described in detail elsewhere. 12,13 

Data Analysis 
Primary and secondary graft patency, limb salvage and patient survival 
were tabulated by the cumulative life table method. All patency intervals 
were based On results of pulse examinations, vascular laboratory data, or 
arteriography. Patients who died or required major amputation despite a 
patent FPB had their patency interval terminated at that time. The signif
icance of differences in graft patency and limb salvage rates between clin
ical groups was determined by the logrank test.14 Statistical significance 
was assumed at the 95% confidence level. 

Results 
The 5-year primary graft patency rate for FPBs to IP A segments was 59% 
(Table 27.1). However, the 5-year primary graft patency rate was signif
icantly better in patients who received RSV grafts compared with those 
who received PTFE grafts (74% vs. 55%; p<0.05) (Fig. 27.1). Similarly, 
the 5-year secondary graft patency rate for FPBs to IP A segments was 
61 %, but the secondary 5-year graft patency rate was significantly better in 

TABLE 27.1. Primary patency life table for femoropopliteal bypasses to isolated 
popliteal artery segments (N = 217). 

Interval Cumulative SEM 
Interval (mos) At risk Failed Duration patency patency (%) 

0 217 9 24 0.956 0.956 0 
6 159 12 38 0.925 0.884 1.9 

12 122 10 17 0.918 0.814 3.0 
24 72 10 35 0.861 0.723 4.5 
36 36 3 29 0.916 0.685 6.4 
48 16 3 15 0.813 0.590 9.4 
60 7 0 5 1.000 0.590 14.3 
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FIGURE 27.1. Cumulative life-table primary patency rates for femoropopliteal bypasses to 
isolated popliteal artery segments performed with reversed saphenous vein (N = 33) and 
PTFE (N = 184) grafts. The number at each point represents the number of grafts at risk for 
that interval, and the bars represent the standard error. There was a significant difference in 
5-year primary graft patency rates between the two groups (p < 0.05). 
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FIGURE 27.2. Cumulative life-table secondary patency rates for femoropopliteal bypasses to 
isolated popliteal artery segments performed with reversed saphenous vein (N = 33) and 
PTFE (N = 184) grafts. The number at each point represents the number of grafts at risk for 
that interval, and the bars represent the standard error. There was a significant difference in 
5-year secondary graft patency rates between the two groups (p < 0.05). 
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TABLE 27.2. Limb salvage life table for femoropopliteal bypasses to isolated po-
pliteal artery segments (N = 217). 

Interval Cumulative SEM 
Interval (mos) At risk Amputation Duration limb salvage limb salvage ('Yo) 

0 217 3 25 0.985 0.985 0 
6 166 9 38 0.946 0.933 1.5 

12 133 6 22 0.955 0.890 2.2 
24 78 7 40 0.910 0.824 3.8 
36 38 3 32 0.921 0.783 5.9 
48 16 0 20 1.000 0.783 9.1 
60 7 0 5 1.000 0.783 13.8 

patients who received RSV grafts compared with those who received PTFE 
grafts (79% vs. 56%; P < 0.05) (Fig. 27.2). 

Primary and secondary 5-year graft patency rates were slightly better in 
patients who underwent above-knee (AK) FPB (60 and 62%, respectively) 
compared with those who underwent below-knee (BK) FPB (56 and 58%, 
respectively), but the differences were not statistically significant. 

The 5-year limb salvage rate was 78% in patients who underwent FPB to 
an IPA segment (Table 27.2), but unlike primary and secondary graft 
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FIGURE 27.3. Cumulative life table limb salvage rates for femoropopliteal bypasses to isolated 
popliteal artery segments performed with reversed saphenous vein (N = 33) and PTFE 
(N = 184) grafts. The number at each point represents the number of limbs at risk for that 
interval, and the bars represent the standard error. The 5-year limb salvage rates of the two 
groups were identical. 



27. FPBs to IPA Segments: PTFE vs. Vein Grafts 327 

TABLE 27.3. Late results of femoropopliteal bypasses to isolated popliteal artery 
segments followed for 5-years (N = 217). 

Primary patency Secondary patency Limb salvage 
(%) (%) (%) 

Graft 
Reversed saphenous vein 74 79 78 
Polytetrafluoroethylene 55 56 78 
P value <0.05 <0.05 NS 

Distal anastomosis 
Above-knee 60 62 83 
Below-knee 56 58 73 
P value NS NS NS 

NS = not significant 

patency rates, the 5-year limb salvage rates were identical (78%) in pa
tients in whom FPB was performed with RSV or PTFE grafts (Fig. 27.3). 
However, the 5-year limb salvage rate was better in patients who under
went AK FPB compared with those who underwent BK FPB (83% vs. 
73%), but the difference was not statistically significant (Table 27.3). 

The 3D-day operative mortality rate of patients who underwent FPB to 
an IPA segment was 10% (21 patients), with most deaths occurring as a 
result' of complications of advanced cardiac disease. The 5-year survival 
rate of patients in the present series was only 38%. Eleven patients (5%) 
required major amputation because of progressive gangrene or extensive 
infection despite a patent FPB to an IP A segment. In 23 patients (11 % ), 
amputation was avoided by reoperation and secondary graft extension to 
an infrapopliteal artery with RSV. FPB to an IPA segment combined with 
graft extension to an infrapopliteal artery with RSV was performed as 
primary therapy in 19 patients (9%) because of extensive pedal necrosis or 
infection. 

Discussion 

Data from the present retrospective study indicate that FPB to an IP A 
segment may be performed in patients with limb threatening ischemia with 
acceptable 5-year graft patency and limb salvage rates. Previously, the 
durability of bypass operations to popliteal arteries with meager runoff on 
arteriography was deemed poor, especially when synthetic grafts were 
used.5 ,6 However, the inaccuracy of the arteriogram in estimating actual 
infrapopliteal runoff has been previously demonstrated by Mundth et aI., 15 

who reported a lack of correlation between preoperative arteriography and 
intraoperative hemodynamic assessment of distal arterial outflow. 

Preoperative noninvasive hemodynamic measurements have also been 
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used to predict long-term FPB graft patency,16 but data from our institu
tion revealed no differences in preoperative ankle pressures and ankle
brachial pressure indices in patients with and without good distal runoff on 
arteriography.8 It is likely that FPB graft failure is a multifactorial problem 
that defies perfect prediction. Thus, patient selection based on a single 
expression of distal runoff, be it arteriographic findings or noninvasive 
hemodynamic measurements, is likely to be misleading.2,17 Moreover, it is 
apparent from the present study that the presence of an IP A segment on 
arteriography should not dictate a pessimistic attitude toward performing 
FPB for limb salvage. 

It is generally accepted that the long-term graft patency rate of FPBs 
constructed with RSV is superior to that achieved with synthetic graft 
material. 18 Indeed, our primary and secondary 5-year graft patency rates 
for RSV grafts to IPA segments were 74% and 79%, respectfully, com
pared with 55% and 56% for PTFE grafts (p < 0.05). However, our results 
with synthetic grafts conflict with data reported by Corson et aI., 6 who 
found only a 17% 5-year graft patency rate for prosthetic grafts to IP A 
segments. However, their series included only 14 synthetic grafts, more 
than a third of which were constructed with materials other than PTFE. 
Furthermore, two of their patients received composite grafts constructed 
of RSV and PTFE, both of which failed within 5 months of operation; the 
latter patients were included in the synthetic graft group, thereby resulting 
in a significantly lower 5-year graft patency rate in this small subset of 
patients. 

Based on our favorable experience with the use of PTFE grafts in the 
management of patients with limb-threatening ischemia, we have often 
used these grafts for FPBs to IPA segments. A limb salvage rate identical 
to that obtained with RSV grafts to IP A segments was achieved using 
PTFE grafts. In addition, the high 30-day operative mortality rate and low 
5-year patient survival rate of the present series suggests that patients with 
IP A segments may have more severe coronary arteriosclerosis and shorter 
life expectancy than patients with less extensive lower extremity arterial 
occlusive disease. Because FPBs performed with RSV or PTFE grafts have 
equivalent primary graft patency rates for up to 2 years,18 PTFE grafts are 
preferred over RSV grafts for FPBs to IPA segments in frail high-risk pa
tients in whom a limited life expectancy is probable and a reduction in 
operating time is desired. 

In some patients with an IP A segment and minimal tissue necrosis or rest 
pain, a dilemma seemingly exists regarding the choice between performing 
a bypass to the popliteal artery or to a more distal artery. Our preference is 
to perform a bypass to an IP A segment rather than to a more distal artery, 
provided the IPA segment is at least 7 cm in length with at least one major 
collateral branch vessel. This approach is supported by several other 
studies of patients with IP A segments.4,10,19 All of these studies revealed 
better I-year graft patency rates in patients who underwent FPB com-
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pared with those who underwent bypasses to more distal arteries. How
ever, this controversial issue remains unresolved. 

On the basis of these observations, our current approach in patients who 
have minimal tissue necrosis or rest pain, adequate arterial inflow, and an 
IPA segment measuring at least 7 cm in length with at least one major 
collateral branch vessel, is to perform an FPB as the initial procedure. 
Extension of the bypass to an infrapopliteal artery with RSV is reserved for 
a second procedure in patients whose symptoms fail to resolve following 
FPB. These sequential bypasses constructed with PTFE and RSV grafts 
facilitate maximum utilization of limited amounts of adequate vein. Se
quential bypasses are also useful in patients who have narrowed or dis
eased segments of greater saphenous vein, as reduced vein graft diameter 
has been shown to be associated with decreased infrapopliteal bypass graft 
patency.20 In patients who have extensive tissue necrosis or infection, a 
procedure that supplies direct unobstructed arterial flow to the foot will 
provide the best chance of healing. This can be accomplished by perform
ing a one-stage sequential femoropopliteal-tibial bypass or a direct femoro
distal bypass.21 

In conclusion, valuable features of FPBs to IP A segments for limb sal
vage include acceptable late graft patency and limb salvage rates, and iden
tical limb salvage rates when performed with PTFE or RSV grafts. Limita
tions of FPBs to IP A segments include a frequent need for distal extension 
of the FPB to an infrapopliteal artery using RSV when foot necrosis or 
infection is extensive and an association with limited life expectancy. 
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Abstract 

Anastomotic stenosis continues to be an important cause of late graft 
failure. Intravascular stents may allow the dilatation of these hyperplastic 
lesions, thereby increasing secondary graft patency rates. To study the 
acute and chronic effects of intravascular stent deployment across vein 
graft anastomoses, we implanted balloon expandable stents in 26 femoral 
venous bypass grafts in 13 sheep. Six weeks after graft construction, intra
vascular stents (17 slotted, 9 coiled) were deployed across each anastomo
sis. The stented vein grafts were then harvested immediately or at 3 weeks, 
8 weeks, and 6 months postdeployment, with arteriograms obtained and 
stented segments processed for scanning electron microscopy. Total stent 
patency was 92%; 88% (15/17) slotted, 100% (9/9) coiled. One slotted 
stent remained patent despite the presence of chronic thrombus, and distal 
migration occurred in 33% of coiled stents. Extrinsic compression caused 
stenoses in 2 stents although both remained patent. Slotted stents exhibited 
greater endothelialization than coiled stents at 3 and 8 weeks while both 
were completely covered at 6 months. Stent-vessel wall contact averted 
thrombosis, migration, and delayed endothelialization. We conclude that 
stents across vein graft anastomoses demonstrate excellent patency with 
complete endothelial coverage and minimal intimal proliferation. Stent
vessel wall contact is a critical factor for successful deployment. 

Introduction 

Anastomotic stenosis with subsequent thrombosis is an important cause of 
late failure in arterialized vein grafts and hemodialysis access shunts. 
Smooth muscle cell proliferation and neointimal hyperplasia produce ftow
restricting stenoses which decrease long-term graft patency,l,2 Reported in 
10-35% of grafts within the first two years,3 hemodynamically significant 
stenoses may be effectively treated by early intervention prior to graft 
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failure. 4,5 However, surgical revision of these anastomotic lesions is often 
difficult, and transluminal angioplasty results in an unacceptably high re
currence rate. 6,7 Intravascular stents may provide the endoluminal support 
necessary to allow successful dilatation of these lesions, increasing second
ary graft patency. 

We constructed a model to study the acute and chronic effects of intra
vascular stent deployment across anastomotic sites of end-to-side reversed 
vein grafts. The model allowed evaluation of stent deployment operational 
factors, including positioning across the anastomosis and differential stent 
sizing. Using two different stent designs, we studied endothelialization, in
cidence of thrombosis, and chronic patency rates at varying time periods 
after deployment. 

Materials and Methods 

Bilateral end-to-side reversed vein grafts (n = 6) were constructed in 13 
sheep with an average weight of 48 kg. The animals were cared for in 
accordance with the "Principles of Laboratory Animal Care" and the 
"Guide for the Care and Use of Laboratory Animals" (NIH Publication 
80-23). Each animal was anesthetized with thiopental, intubated, and 
maintained on halothane anesthesia during the procedure. After surgical 
exposure of the femoral vessels, the superficial femoral vein was harvested 
and placed in a cooled bath oflactated ringer's solution, heparin (5000 u/l), 
and papaverine (30 mg/l). Using regional heparinization of each limb, end
to-side reversed vein grafts were constructed from the proximal superficial 
femoral artery to the above-knee popliteal artery. The vein grafts were 5-
7 cm in length and 3-4 mm in diameter. The native superficial femoral 
artery was occluded distal to the proximal anastomosis with a suture liga
ture. The grafts were then allowed to mature for 6 weeks prior to stent 
deployment. 

After 6 weeks, the sheep were returned to the catheterization labora
tory, where an arteriogram was performed per the carotid artery to evalu
ate graft patency and size the anastomotic sites for stent placement. Two 
different tubular, stainless steel, balloon expandable stents were im
planted-IS mm articulated, slotted stents (Palmaz-Schatz) and 20 mm 
coiled stents (Roubin) (Fig. 28.1). The total deployment cohort (n = 6) 
included 17 slotted stents and 9 coiled stents. The proximal or distal anas
tomotic site of each graft was chosen at random for stent placement with 
the same site used bilaterally in anyone animal. Stents were prepared for 
deployment by crimping (slotted stent) or preloading (coiled stent) on 
standard balloon angioplasty catheters (3-4 mm). The stentlcatheter was 
then inserted through a guiding catheter to the anastomotic site with stent 
position across the anastomosis directed by fluoroscopy. Once properly 
positioned, stents were deployed by expanding the balloon to pressures of 
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A 

------ 8 
FIGURE 28.1. Balloon expandable, stainless steel stent designs. (A) Palmaz-Schatz 
slotted stent in closed (upper) and expanded (lower) positions. (B) Roubin coiled 
stent showing flexibility while free-standing and loaded on a balloon catheter. 

6-8 atmospheres under fluoroscopic visualization. Dextran 40MW was 
administered intravenously throughout stent implantation, and a comple
tion arteriogram was obtained to assess each stent's position and acute 
patency. 

At predetermined time points (3 weeks, 8 weeks, 6 months), animals 
were returned to the catheterization laboratory, where an arteriogram was 
repeated to reassess stent patency, configuration and position. The animals 
were then sacrificed and each stented vessel segment (artery, anastomosis, 
vein graft, stent) was harvested using in situ perfusion-fixation techniques. 
The stents were examined grossly for evidence of patency, thrombosis, 
stenosis, and endothelialization. The slotted stents were bivalved longitu
dinally, and the coiled stents cut in cross-section prior to glutaraldehyde 
fixation. These segments were then examined by scanning electron micro
scopy. 
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Results 

The flexibility of the slotted and coiled stent designs was adequate to allow 
equally effective positioning across anastomotic sites and subsequent stent 
expansion (3.0-4.0 mm) with either stent. Vein graft and native artery size 
mismatches required occasional balloon reinflation in that portion of the 
stent deployed in the vein graft to optimize stent vessel wall contact. No 
acute thrombotic episodes occurred, and all stents were arteriographically 
patent immediately after stent deployment. Luminal defects were not seen 
on any postimplantation arteriogram. 

At vessel harvest, 88% (15/17) of the slotted stents and 100% of the 
coiled stents remained patent for a 92% total patency rate (Fig. 28.2). One 
occluded stent harvested at 3 weeks showed an underlying stenotic area, 
while the other occlusion occurred in an animal harvested at 6 months 

A 

B 

FIGURE 28.2. Arteriogram (A) and gross photograph (B) of a stent deployed across 
a vein graft anastomosis demonstrating patency at harvest. 
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A 

B 

FIGURE 28.3. Arteriogram (A) and gross photograph (B) of a stent deployed across 
a vein graft anastomosis demonstrating occlusion at harvest. 

without any obvious cause (Fig. 28.3). An arteriographic intraluminal 
filling defect suggestive of thrombus was noted in 1117 (6%) of the slotted 
stents but in no coiled stents. This chronic thrombus was confirmed at har
vest (Fig. 28.4) and occurred in a stent that exhibited poor stent-vessel wall 
contact at initial deployment. Focal arteriographic stenoses were noted at 
the anastomotic site in 2117 (12%) of the slotted stents and no coiled stents. 
Patency was maintained in both of these stenotic stents. Extrinsic com
pression of the animal's hindlimb or incomplete expansion at the central 
articulation may have played a role in these noncritical stenoses. Distal 
migration from the original site of deployment was noted on follow-up 
arteriography in 3/9 (33%) of the coiled stents and in no slotted stents (Fig. 
28.5). All of the migrated stents exhibited evidence of recoil during place
ment on deployment arteriograms resulting in relative undersizing in the 
venous portion of the grafts involved. 
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A 

B 

FIGURE 28.4. Scanning electron micrographs (lSKV, x30) showing partial en
dothelialization of both slotted (A) and coiled (B) stents at 3-week harvest. 

Chronic vessel wall responses were studied in the 3-week, 8-week, and 
6-month animals by scanning electron microscopy. Partial endothelializa
tion of the struts of both slotted and coiled stents was evident at 3 weeks 
(Fig. 28.6). The 8-week animals demonstrated greater endothelial cover
age of the slotted stents as compared to the coiled stents from correspond
ing animals (Fig . 28.7) . Both stent designs showed complete endothelial 
coverage at 6 months (Fig. 28.8) . At times, the coiled stents exhibited in
complete stent-vessel wall contact, which may have delayed endothelial 
cell coverage (Fig. 28.9). 

Discussion 

Anastomotic stenoses of arterialized vein grafts and hemodialysis access 
shunts are a frequent cause of late graft failure, often leading to difficult 
operative revision involving vein patching or an additional bypass 
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A 

B 

FIGURE 28.5. Scanning electron micrographs (15KV, X40) at 8-week harvest de
monstrating a greater degree of endothelial coverage of a slotted stent (A) versus a 
coiled stent (B) from the same animal. 

FIGURE 28.6. Scanning electron micrographs (15KV, X25) showing complete en
dothelialization of both slotted (A) and coiled (B) stents at 6-month harvest. 

B 
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FIGURE 28.7. Scanning electron micrograph (lSKV, x30) demonstrating poor en
dothelial cell coverage of a coiled stent when the stent struts (small arrow) have 
incomplete contact with the vessel wall (large arrow) . 
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FIGURE 28.8. Arteriogram (A) and gross photograph (B) of a slotted stent with 
mural thrombus (arrow). 
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FIGURE 28.9. Arteriograms of a coiled stent during deployment (A) and at 8-week 
harvest (B) showing migration to an infrapopliteal position (arrow). 

procedure .3 Attempts at transluminal dilatation of such lesions to increase 
secondary patency have proved unsatisfactoryJ,8 These lesions frequently 
recur after angioplasty due to their fibrotic composition and high degree of 
elastic recoil. 9 ,10 Longitudinal intimal dissections can also occur leading to 
platelet initiated thrombosis and stimulation of further smooth muscle cell 
proliferation with resultant fibromuscular hyperplasia .ll Intravascular 
stents may provide the endoluminal support necessary to overcome elastic 
recoil and seal postdilatation dissections, thereby increasing the acute and 
chronic patency of these problematic lesions. 

Intravascular stents were first implanted in the peripheral arteries of 
dogs by Dr. Charles Dotter in 1964.12 Since that time many different stent 
designs have been developed including self-expanding spirals , thermal 
memory alloys (Nitinol), and balloon expandable stents. The initial stents 
were associated with a high incidence of acute thrombosis and unaccept
able intimal hyperplasia. These complications were related to stent rigidity 
and the amount of material exposed to circulating blood elements and re
quiring neointimal coverage .8,13 Recent technological developments have 
produced stents composed of thin wire filaments (0.10-0 .15 mm) with a 
reduced total surface area. These stents provide excellent flexibility while 
maintaining reliable expansive properties. 14 

Clinical trials using stents to treat recurrent lesions after angioplasty in 
human iliac and coronary arteries are currently proceeding based on a sig
nificant body of data from animal laboratory experience. However, only 
isolated case reports describe attempts to place stents across the anasto
moses of bypass grafts or hemodialysis access shunts.9 ,15 Animal experi
ments involving stent deployment in vein grafts demonstrate rapid en
dothelialization and good long-term patency when implanted in the body 
of the graft. 16 The animal work supports the use of dextran during stent 
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implantation to avoid acute thrombosis. Dextran may function as a buffer 
between the positively charged metallic stent struts and the electronega
tively charged blood elements. 17 

This study was designed to determine the acute and chronic effects of 
stent deployment across vein graft anastomotic sites as well as examine the 
operational feasibility of anastomotic implantation. Both slotted and coiled 
stent designs provided adequate flexibility to maneuver the stent across the 
anastomotic site with easy expansion in the chosen position. Stents were 
expanded to a size corresponding to arterial diameter at the anastomotic 
site. Because of the size discrepancy between arterial diameter and diam
eter of the vein graft's hood, reexpansion with increased balloon pres
sures was often necessary in the venous portion of the graft to maximize 
stent-vein graft wall contact. 

Excellent patency rates were obtained with both slotted and coiled 
stents. Acute thrombosis did not occur and only two stents were occluded 
at harvest. One of the occluded stents was obviously compressed at the 
articulation site, as were two stents that remained patent. These stenoses 
may have occurred due to extrinsic compression as they were located in an 
area of the hindlimb often grasped by the animal handlers during trans
port. Extrinsic compression may present a clinical problem for stent de
ployment in exposed peripheral locations such as the extremities. 

Scanning electron microscopy demonstrated endothelial cell coverage of 
the stents to be partial at the 3-week harvest and complete by 6 months 
with both stent designs. At the 8-week harvest, the slotted stents endothe
lialized more rapidly than the coiled stents, which continued to show only 
partial cellular coverage. The partially covered coiled stents often demon
strated poor contact between stent struts and the intimal surface of the vein 
graft. Relative stent undersizing in the vein graft due to recoil after balloon 
deflation was evident on review of the deployment arteriograms of these 
stents. Similar recoil was noted in arteriograms of the coiled stents that 
migrated into the distal arterial tree after implantation. Scanning electron 
microscopy also demonstrated slow or incomplete endothelial coverage of 
stent struts in the lumen of the vein graft that lacked adequate vessel wall 
contact. 

In summary, we deployed both slotted and coiled endovascular stents 
across vein graft anastomotic sites in an animal model of reversed vein 
bypass grafts. The stents demonstrated excellent acute and long-term 
patency rates (92%) with rare thrombosis, stenosis, or distal migration as 
evaluated by angiography and gross inspection at harvest. Scanning elec
tron microscopy demonstrated partial endothelialization over both stents 
by 3 weeks and complete endothelial coverage by 6 months. Slotted stents 
appeared more susceptible to extrinsic compression, while coiled stents 
exhibited more frequent migration and delayed endothelialization due to 
stent rycoil at deployment resulting in incomplete stent-vessel wall contact. 
We conclude that proper sizing of stents to obtain close stent-vessel wall 
contact played an important role in enhancing the rate of stent endothe-
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lialization and prevention of distal migration. Intravascular stents may be 
deployed across anastomotic sites of end-to-side venous bypass grafts with 
the expectation of excellent patency rates and favorable long-term host 
responses. 
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A New Endoscopic Valvulotome for 
In Situ Bypass Surgery 
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Summary 

A new adjustable endoscopic valvulotome is described in this article. The 
scientific basis of its development has been discussed in detail by highlight
ing the historical background and technical problems associated with val
vulotomy since the inception of in situ bypass surgery. A concise descrip
tion of the mechanical properties and physical design of the instrument is 
disclosed and graphically demonstrated by accompanying illustrations and 
photographs. 

The valvulotome has been used in 12 patients for arterial reconstruction 
of 14 limbs performed over a period of 1 year and 8 months. The indica
tions for surgery were limb-threatening ischemia (78.5%) and disabling 
claudication (21.5%). Arterial reconstruction was performed from femoral 
to distal runoff vessel of either anterior or posterior tibial arteries in 78.5% 
of the patients. The remaining number of patients had either femoral to 
above-knee popliteal or below-knee popliteal bypass grafts. Limb salvage 
rate was 100%; primary patency of these grafts was 85.7%; and cumulative 
patency rate was 92.8%. The average graft velocity at the distal end of the 
graft at a 6-month interval was 73.4 cm/sec without significant change com
pared to earlier postoperative values. 

Introduction 

With the advent of video angioscopy, availability of smaller caliber angio
scopes, and computer image digitalization systems, it has become possible 
to visualize the intravascular anatomy in greater detail than ever before. 
One exciting area of the clinical application of this technical advancement 
is in performing valvulotomy for in situ bypass grafts. Mahigan et aI., 
1986,1 and LaMaraglia et aI., 1990,2 have published their experiences with 
direct vision valvulotomy. Their conclusions have been inspiring. It has 
thus become more and more apparent that valve lysis is safely achieved 
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under direct vision of video angioscope while respecting all the time
honored principles of in situ bypass surgery. 

All the presently available valvulotomes are either a modification of tra
ditional types or a variation on the same theme, the only exception being 
that of the Chin-Fogarty System, which uses a different concept of valvulo
tomy from our valvulotome. Keeping in mind all the lessons learned from 
past experiences in vascular surgery with in situ bypass grafts, we have 
developed an endoscopic valvulotome. Our early clinical experience with 
this system is also described below. 

Materials and Methods 

The adjustable endoscopic valvulotome is a dual-blade system. Each blade 
measures less than 1 mm in thickness and has two functional sides: the 
valve side and the intimal side. The valve side has two cutting edges , with 
each cutting edge oriented at a right angle to the other. The intimal side is 
highly polished (Fig. 29.1). The two blades are mounted on separate 
spring-loaded struts connected to a long stainless steel wire. The blade
strut-wire assembly is passed through a 4F carrier sheath made of medically 
approved PVC, the proximal end of which carries a blade housing made of 
surgical steel. This housing is highly polished and rounded, measuring 2.2 
mm at its widest part. The blades can thus be telescoped from a cutting to a 
non cutting position from the sheath's distal end. The spring-loaded struts 

Side views Intimal side Valve side 

Cross-section 

FIGURE 29.1. Showing the intimal and valve side in detail. The horizontal and vertical cutting 
edges are demonstrated. Inset shows the coaptation of two blades. 
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A 

FIGURE 29.2. The valvulotome assembly is shown. The blades are shown in (A) cutting and 
(B) noncutting position (note the rounded edges of the distal end). Inset demonstrates the 
distal end of the valvulotome. 

make an are, so that when the blade is telescoped out of the housing, one 
can reach a maximum span distance between blades of 5-6 mm and a mini
mum of 2 mm (Fig. 29.2). Figs. 29.3-29.5 provide different views of the 
prototype. 

The technique adopted in performing valvulotomy is as follows: The 
angioscope is passed into the proximal end of the saphenous vein and the 
first set of valves is sighted. The valvulotome is.passed into the vein's distal 
end in a noncutting position so that it passes by the first set of valves and is 
in the visual field of the scope (Fig. 29.6). The blades are telescoped out of 
the housing and oriented correctly into a cutting position. The valvulotome 
is then pulled in a retrograde fashion so that the blades engage with the 
valve cusps and lyse them in two planes, rendering them incompetent (Fig. 
29.7). The valve lysis is achieved by incising the valve cusps as demon
strated in Fig . 29.8. 

The valvulotome has been experimentally tried on cadaver veins to test 
its ease of function and to demonstrate completeness of valvulotomy. Ex
periments were performed and the data of postvalvulotomy flow rates, 
velocity of flow , and completeness of valvulotomy were scrutinized. Based 
on these experiments, we created prototypes of the adjustable endoscopic 
valvulotome that were to be used clinically. The experimental data is not 
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FIGURE 29.3. Valvulotome in closed position. 

included in this paper because we feel that the clinical data provided below 
is sufficient. 

Fourteen in situ femoral to distal bypass grafts have been performed 
over a period of 1 year and 8 months at the Berkshire Medical Center, 
Pittsfield, MA. In all these cases, our endoscopic adjustable valvulotome 
was used. It is appropriate to point out here that the valvulotome is de
signed to be used only once; therefore, each case was performed by a new 

FIGURE 29.4. Valvulotome in open position. 



FIGURE 29.5. Close-up of the instruments. 

Valve 
.,..""">=-<~ 

FIGURE 29.6. Artist's impression of the technique (self-explanatory) . 
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FIGURE 29.7. (A) Valvulotome in a noncutting position between valve leaflets; (B) valvulo
tome in a cutting position and oriented parallel to the valve cusps; (C) valve incision achieved 
in two planes; (D) side branch safety when valvulotome is at full span. 

valvulotome made in our R&D Lab. The patient population consisted of 4 
females and 8 males whose ages ranged from 38 to 81 years (average age, 
71.5 years). The most common indication for arterial reconstruction in this 
small series of patients was nonhealing ulcer of the foot (8 patients, 
57.1 %). Other indications were disabling claudication (3 patients, 21.4%), 
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FIGURE 29.8. (A, B, C) Showing details of valve incision. Inset: Cross sectional view pre- and 
post-valvulotomy. 

FIGURE 29.9 A -G. Showing the sequence of valvulotomy. 

B 
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FIGURE 29.9. (A) Valve in vision. (B) Valvulotome between leaflets (noncutting). (C) Val
vulotome across leaflets (cutting position) . (D) Orienting the valvulotome. (E) Performing 
valvulotomy. (F) Detail of valvulotomy. Only one leaflet (cusp) is shown in close-up to dem
onstrate lysis by incision and intact valve vein wall junction. (G) Completed valvulotomy. 

o 
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rest pain (2 patients, 14.3%), and acute and chronic occlusion of the 
femoral popliteal artery (1 patient 7.2%). Average preoperative ABI was 
.39 and the range was from .30 to .62. Upon review of the angiographic 
findings of these patients, it was found that 10 patients (71.4%) had SFA 
occlusion with significant popliteal and trifurcation disease and single ves
sel runoff below the knee joint. Two (14.2%) had SFA occlusions with 
reconstitution of popliteal artery at the knee joint. One (7.2%) patient had 
isolated SFA occlusion, and the other had acute arterial occlusion of the 
femoral popliteal system. 

The femoral artery and saphenofemoral junction were exposed through 
a vertical incision in the groin. The common, superficial, and profunda 
femoris arteries were dissected and controlled. The inflow source was then 
determined, thus dictating the length of saphenous vein required. The dis
tal anastomotic site was decided by angiographic information and the out
flow vessel was accordingly exposed. The distal saphenous vein in the leg 
was exposed according to anatomic location of the outflow vessel. An 
angioscope (Baxter 2.3 mm scope with irrigating side channel or Olympus 
2.8 mm angioscope) was introduced from the proximal end of the vein and 
video angioscopy was begun. The saphenous vein was flushed with 60 mg 
of papaverine in 10 cc normal saline before beginning the valvulotomy. 
Continous irrigation of the vein was maintained by irrigating with hepari
nized lactated Ringer Solution at 200-300 mmHG. In some instances, 
Olympus angiopump was also used to facilitate venous distension. The val
vulotome was inserted into the vein through the distal end in closed posi
tion and valvulotomy performed as described previously. The sequence of 
events during valvulotomy are depicted in the photographs. The first set of 
valves are sighted (Fig. 29.9A) and oriented to perform valvulotomy (Fig. 
29.9B-C); valvulotome is pulled back to perform valve lysis (Fig. 29.9D); 
valvulotomy is thus complete by using retrograde incision technique (Fig. 
29.9E-F). Fig. 29.9G shows both leaflets lysed to confirm valvulotomy 
completeness. These photographs were taken by using Sony Mavigraph 
from a video movie made in real time while surgery was in progress. 

Using the aforementioned technique, femoral to distal anterior or pos
terior tibial bypass grafts were performed in 11 cases (78.5%). Two patients 
(14.2%) received femoral to below-knee popliteal bypass, and one (7.2%) 
underwent a translocated nonreversed femoral to above-knee popliteal 
bypass. 

Results 

It is our belief that efficacy of this valvulotome in performing valvulotomy 
atraumatically is best assessed by following the primary graft patency over 
the first year postoperatively. Therefore, all grafts underwent noninvasive 
hemodynamic testing at varying intervals after the first month. Criteria 
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TABLE 29.1. Pre- and postoperative ABIs. 

Graft velocity Clinical evi-
cm/sec. (11 days. dence of graft 

No. Pre-opABI Surgery Post-opABI 6mos) function 

1 0.33 R. fem.-ant. 0.74 40 cm/sec! Palpable pulse 
tibial BPG. 

2 0.4 L. common fern. 0.96 75-100 Palpable pulse 
to distal ant. 
tibial 

3 0.38 R. SFA. to ant. 100 Palpable pulse 
tibial 

4 0.35 L. femoral to bil 0.90 40 Graft stenosis 
pop. 

5 0.38 LFA to AK pop. 0.64 40 Palpable pulse 
(translocated) 

6 0.30 R. CFA. to DP. 1.0 91 Palpable pulse 
7 L. CF A to ant. 60 Palpable pulse 

AT. 
8 0.31 Common to 0.98 75 Palpable pulse 

distal posterior 
tibial 

9 0.33 CFA toprox. Palpable pulse 
tib. distal to graft 

10 0.43 SFAto DP 1.15 81 Palpable pulse 
11 LSFAtoDP Palpable at 6 

month 
12 0.44 LSFAto DP Failed 
13 0.47 R CF A to distal 0.98 100 Palpable pulse 

ant. tibial 
14 0.60 L CFA to post ti- 1.00 80 Palpable pulse 

bial 

followed for determining continued graft patency were based on graft flow 
studies and postoperative ABls.3 Since all the grafts were subcutaneous, 
palpable pulse in the graft and Doppler signals were also used as clinical 
evidence of graft patency. 

Based on the above criteria, the primary patency rate was 85.5% and 
cumulative patency at the end of 1~ years is 92.8%. At the 4-month inter
val, one graft failed due to graft entrapment and stenosis, and secondary 
patency was restored by a wide-patch angioplasty. One graft failed at 3-
months due to retained A V fistulas. Average graft velocity at the distal end 
of the graft was 73.4 cm/sec (range 40 cm/sec to 100 cm/sec). Postoperative 
flow velocity, ABI, and physical status of the graft are summarized in 
Table 29.1. Pre- and postoperative ABls were compared using student t
test for paired data, and we found a p-value of less than .0005. At each 
follow-up the grafts had palpable pulse and the Doppler signal had a good 
diastolic component evidencing good forward flow. The limb salvage rate 
was 100%. 
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Discussion 

In situ bypass grafts have withstood the test of time ever since this tech
nique was first performed by Karl Victor Hall in 1962 in Vienna.4 Although 
several excellent clinical studies, Leather et al.5 and Buchbinder et al.,6 
have demonstrated that in situ bypass grafts have excellent short and long
term patency rates, vascular surgeons have argued that ISBPG has no real 
advantage over the gold standard, reversed saphenous vein bypass grafts. 
Porter et al. 7 have demonstrated that RSVG has comparable patency rates 
to ISBPG, if not better. If the historical development of in situ saphenous 
vein grafts is traced over the past quarter century, the principle advantage 
of in situ grafts over conventional reverse vein grafts is in the increased 
flow occurring in the tapered channel. Both the advantages of this hemody
namic observation in the in situ graft and its disadvantages in the reversed 
vein grafts are accentuated in the longer bypass grafts as discrepancies in 
the proximal and distal vein diameter increase. Furthermore, there is new 
evidence that unusual shear and stress tend to occur at the site of severe 
vein artery discrepancies, as seen in reversed vein grafts but less so in the in 
situ grafts. Experience with ISBPG has shown that another important 
advantage is less chance of vein trauma from overdistension and rotation, 
inherent in the operation since the vein is not removed from its bed. Be
sides the above hemodynamic advantage, theoretical advantages of en
dothelial preservation have been recognized by surgeons. Since the incep
tion of ISBPG, endothelial preservation has been considered crucial be
cause graft failure due to thrombosis has been shown to be associated with 
platelet aggregation on damaged endothelium.8 This is especially true in 
advanced atherosclerotic and diabetic patients. Several studies have de
monstrated that removal of vein from its native bed leads to endothelial 
sloughing9 within minutes. Studies have also demonstrated that warm as 
well as cold ischemia of the vein causes damage to both intima and smooth 
muscles in the vein wall. 

Despite the abovementioned advantages of in situ bypass grafts, it has 
only gained acceptance by vascular surgeons with great reluctance and 
scepticism. We believe that technical demands of this operation and inade
quacy of instrumentation provided to perform such intricate surgery have 
been major factors in the slow acceptance of in situ technique. Technical 
problems of in situ bypass have centered around methods of removing 
valvular obstruction to arterial flow and occlusion of venous branches that 
otherwise could become A V fistulas. The issues involved in occlusion of 
side branches are not the subject of this paper. We will, therefore, concen
trate on methods of removing valvular obstruction to arterial flow. 

The first method of valvular disruption, described and suggested by Rob, 
was the valve fracture technique. This caused subendothelial damage and 
thus the technique was not popularized. However, many techniques have 
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evolved since then. To mention some earlier methods of valvular disrup
tion, Hall and Samual et al. described valvular disruption through the dis
tal venous end; May, Dweese, Rob, Connolly, Stemmer, and Barnar et al. 
demonstrated valvular disruptions from the proximal venous end; Connol
ly, Harris and Mills stated that passage of a blunt instrument into a vein 
produces valve eversion. The valve eversion technique was also not 
popularized due to similiar fears of endothelial and subendothelial dam
age. This was an overly traumatic method for achieving valvular incompe
tence. Besides causing endothelial trauma, the degree of incompetence 
obtained by all the above methods was uncertain and resulted in tearing 
valve leaflets at the junction with the vein wall rather than eversion only. 
Barner et al. were of the opinion that passage of a blunt instrument into the 
vein from the proximal end resulted in valvular tear. This report was highly 
critical of the in situ method; the authors also suggested that the subse
quent failures of these grafts were especially related to the purposeful dam
age of the valves, which were the site of thrombus deposition or intimal 
proliferations or both. 

The other method of valvular disruption is that of valve excision as de
scribed by Hall. In this method, each valve is sequentially exposed and 
excised via a transverse veinotomy, which is closed by fine interrupted su
tures after valve excision. This was an excellent technique and the only one 
that performed valvulotomy under direct vision. As a consequence, Hall 
produced excellent short- and long-term results. However, this technique 
suffered from several potential disadvantages. Namely, infliction of trauma 
to vein wall while performing veinotomy (as many as 13), trauma to en
dothelial surface in excising valve leaflets; potential for technical errors 
during closure of veinotomies; need for lifting the vein from the bed, 
clamping above each valve, and the operative tedium involved in excision 
of each valve. The two most popularly used valvulotomes presently are the 
Lametre and the Mills-type instruments, which are a big contribution to 
blind valvulotomy of in situ bypass graft surgery. However, their major 
criticism has been due to increased incidence of retained valves and dam
age to veinous endothelium by entering into side branches. Not to over
state the tedium involved in using the Mills or the Lametre valvulotome in 
long bypasses, Leather and Carmody made an invaluable contribution to in 
situ bypass surgery by introducing what they called the valve incision 
technique. 1o In this technique, the valve cusps were engaged by micro
vascular scissors passed through side branches and exerting no shear on the 
intima. The valve cusps were clearly divided, rendering them incompetent 
without damaging the valve vein wall junction. 

Learning from the experience with in situ bypass surgery as discussed, 
we conclude that the following principles have evolved for ideal valvulo
tomy: 1) valve lysis must be performed under direct vision, 2) endothelial 
preservation should be of the utmost importance while performing valvulo-
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tomy, 3) side branch entry must not be a concern, and 4) valvular incompe
tence should be achieved by valve incision rather than eversion, fracture, 
or excision. 

The adjustable endoscopic valvulotome performs valve lysis by using 
valve incision technique; this is assured by the two cutting edges oriented at 
right angles to each other such that when a downward traction is applied, 
the valves are incised along the longitudinal axis of the valve cusps. The 
ability to control the span between the two blades aids in proper engage
ment with valve cusps and avoids undue intimal contact while performing 
valvulotomy. An advantage of this valvulotome, which improves endothe
lial protection, is the fact that all exposed portions of the instrument com
ing in contact with the intima are highly polished so as to impart minimum 
shear. Also, a built-in feature in the design of the blade is a gentle curve at 
the transverse cutting edge. This slope separates the cutting edge from 
intimal contact and makes the first cut transversely away from the valve 
ridge. As the valvulotomy is continued, a longitudinal incision in the valve 
cusp is achieved without disrupting the vein wall junction. Another impor
tant feature is the ability to bring the blades to a noncutting position while 
a subsequent set of valves are sought by the angioscope. This further 
assures intimal protection. The inherent shape of the blade provides an 
added protection from entry into the side branch. 

Lastly, due to the small size of the valvulotome (2.2 mm in its broadest 
part), vein utilization rate is maximized. This valvulotome circumvents all 
inherent technical problems of valvulotomy afforded by other presently 
available valvulotomes. The instrument is simple to use and minimizes the 
learning curve required of vascular surgeons wishing to incorporate the in 
situ bypass technique into their surgical armamentarium. 
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Introduction 

The in situ saphenous vein arterial bypass has gradually been accepted into 
the surgical community as the procedure of choice for chronic occlusive 
disease of the lower extremities, especially at the level of the tibial vessels. 
However, the unique and often intricate problems posed by this procedure 
make the in situ bypass a potentially frustrating and time-consuming opera
tion, especially to the occasional vascular surgeon. Our 15-year experience 
with the valve incision method as developed at Albany Medical Center 
Hospital, now comprised of over 1400 such bypasses, has allowed us to 
identify and solve many of the common problems seen with this procedure. 
Herein, we will describe various aspects of the in situ bypass that have 
proven to be especially crucial for successful completion of this operation. 

Patient Selection 

The vast majority (>93%) of our patients undergoing this procedure have 
had limb-threatening ischemia. Although the in situ bypass functions well 
in the claudicator, few of these patients will be so incapacitated by their 
occlusive disease as to warrant the risks of surgery. 

For patients with extensive foot gangrene, careful evaluation of the ex
tremity is necessary prior to surgery. As successful limb salvage in these 
cases is often predicated upon a familiarity with unconventional partial 
foot amputations (Chopart, Syme, Pirogoff, etc.) and a willingness of both 
the patient and surgeon to devote the time and energy required by these 
difficult problems, a clear commitment to limb salvage is necessary before 
actual surgery is performed. 

Conversely, patients with indolent foot ulcers-many of whom may 
appear to have palpable pulses-may well have unrecognized foot ische
mia precluding healing. Early noninvasive evaluation with pulse volume 
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recordings to the transmetatarsallevel, followed by aggressive revascular
ization, can greatly speed ulcer healing in many cases. 

Preoperative Angiography 

Inadequate or incomplete angiography of the tibial and plantar vessels may 
well cause the surgeon to abandon limb salvage efforts. Because the in situ 
bypass has the ability to remain patent even when taken to limited outflow 
tracts, complete visualization of all infrageniculate vessels is mandatory for 
proper selection of the optimal outflow site. This requires specific discus
sion with the angiographer to indicate the surgeon's needs. If necessary, 
intraoperative prebypass angiography or direct exploration of the tibial 
vessels may be necessary in demonstrating distal arterial patency, many 
times predicted by careful Doppler (8 MHz) examination. 

Angiographic criteria formerly used as a guide in the prediction of 
reversed saphenous vein bypass patency have no bearing in the in situ 
population. Thus, lack of patency of the pedal arch or the presence of only 
an isolated tibial vessel for runoff does not preclude a patient from antici
pated limb salvage. 

Preoperative Vein Imaging 

Saphenous vein system anatomy is quite variable and complex. In addition, 
safe use of the intraluminal valve cutter demands a clear definition of the 
vein anatomy prior to surgery. Because of this, use of invasive or noninva
sive saphenous vein imaging techniques are just as important as adequate 
arterial angiograms for successful completion of the in situ bypass. 

In the past, saphenous contrast phlebography was used at our institution 
with great success. In this procedure a remote branch of the saphenous 
vein in the foot is cannulated. After the contrast is injected, sufficient 
heparinized saline is used to flush the contrast from the saphenous vein. By 
minimizing the possibility for injury to the endothelial layer of the saphe
nous vein, there were no complications with this method in a series of over 
300 patients. 

Application of B-mode duplex ultrasound to venous imaging has led us 
to prefer this method to phlebography in most cases. In addition to being 
noninvasive, this study may be performed quickly «30 minutes by experi
enced personnel) and can be used to generate a three-dimensional map of 
the saphenous system that can be traced onto the patient's skin with a 
surgical marker. By indicating the presence of major fistulae and parallel 
venous systems, such a map is a great aid in positioning of incisions and 
selection of the most satisfactory portion of the vein for use as an arterial 
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bypass. In less than 5% of cases, the venous system is so complex that 
phlebography is still necessary and useful for the surgeon. 

With an experience of over 1000 limbs using this modality, several words 
of caution are appropriate. A familiarity with the anatomic variants of the 
saphenous system, especially as it affects the operation, is mandatory for 
the vascular technician. Therefore, technician education through review of 
pertinent articles and initial comparison with phlebography, coupled with 
constant feedback of the actual operative anatomy, is necessary in order to 
gain reliable information from this examination. 

The presence of branches and double systems is reliably detected by 
either imaging modality. Although the vein diameter can be roughly esti
mated preoperatively, the actual size of the distended vein can only be 
appreciated through direct visualization. Therefore, a vein that is reported 
as being too small by either technique still warrants exploration before any 
decision is made as to adequacy of size. When exposed, if the vein com
pares favorably with a #8 French catheter, it is more than adequate and 
will measure >3 mm OD under arterial pressure. 

Information gained by saphenous vein imaging is useful in minimizing 
the dissection necessary for in situ bypass. Selection of the proper venous 
system, especially by avoiding narrow segments and complicated, intercon
necting parallel veins, allows for use of the intraluminal cutter; without this 
knowledge, the likelihood of endothelial damage and bypass failure is 
greatly increased. 

Selection of Inflow 

Selection of the proper inflow vessel depends on both veGOUS and arterial 
anatomy. Although in situ bypass patency is identical if any of the three 
usual inflow arteries is used, we prefer using the superficial and profunda 
femoris arteries when possible. This allows for a tension-free anastomosis. 
In addition, this allows the surgeon to excise the proximal several milli
meters of the saphenous vein which during preparatory manipulation, in
variably suffers injury to the endothelium. However, if these arteries are 
unsuitable for use as inflow vessels, the saphenous vein can always be made 
to reach the common femoral artery, albeit with considerable mobilization 
and some tension on occasion. Endarterectomy of the proximal superficial 
femoral artery, although tempting, has proven, in our hands, to have an 
increased failure rate and is to be avoided if possible. 

Selection of Outflow 

Of the three tibial vessels, the posterior tibial is most conducive to in situ 
bypass as it is the most easily exposed and requires a very short distal 
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segment of mobilized saphenous vein for anastomosis. The anterior tibial 
artery requires the longest length of mobilized distal vein, whether tun
neled through the interosseous membrane or brought anteriorly over the 
tibia (preferred), and is therefore the least favorable. The peroneal artery 
falls between these two choices; however, as it is the most likely tibial 
vessel to remain patent, it is therefore the most likely vessel to be selected 
for tibial bypass. 

Another consideration for outflow selection is the concept of bypassing 
all occlusions when possible. Thus, unless inescapably limited by a lack of 
adequate vein, a bypass to a tibial vessel is usually preferable to an isolated 
popliteal artery. Direct perfusion of the foot, especially in the face of tissue 
necrosis, is the driving tenet of outflow selection, even if this necessitates 
the use of ankle and foot arteries. 

Open vs. Closed Valve Incision 

There are two major methods of valve incision. The "open" technique in
volves direct exposure of the vein and use of the modified Mills valvulo
tome to render valves incompetent. The advantages of this technique are 
that this is the least traumatic method of any kind for valve incision and is 
the only safe method in small «3 mm OD) veins. In addition, the surgeon 
can visualize the vein during valve incision. Unfortunately, use of this tech
nique in the thigh often results in large, deep incisions. A number of 
wound problems will result. In addition, this method is relatively time
consuming. 

The "closed" technique, utilizing the intraluminal valve cutter, while not 
only faster, obviates the need for long incisions along the entire vein. 
However, this technique is "blind." In order to safely utilize this technique, 
preoperative vein imaging is mandatory to aid in selection of the proper 
vein and to avoid narrow areas and closed loops better treated by the open 
technique. Furthermore, use of the valve cutter should be strictly limited to 
the thigh portion of the saphenous vein with the cutter being introduced 
and retrieved through the vein's proximal divided end. In addition, the 
cutter must be used in a dilated vein to avoid a lethal circumferential injury 
to the intima and should be oriented such that its blades are perpendicular 
to the plane of the skin in order to engage the valve leaflets. In spite of 
these cautions, the closed technique can safely be used in the thigh portion 
of the saphenous vein in 95% of cases. 

Venospasm 

Spasm of the exposed vein is the most likely source for conduit injury. 
While spasm in and of itself can cause damage to the endothelial mono-
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layer, more importantly it renders intraluminal instrumentation of any 
kind unsafe. Avoiding and treating venospasm is of paramount importance 
for the surgeon. 

Prior to skin incision, perivenous tissue should be infused with a dilute 
solution of papaverine (0.02 mg/ml in saline). In addition, this powerful 
vasodilator can be applied topically to all exposed segments of vein. 

Once venospasm has occurred, the vein must be hydrostatically dilated. 
This may be performed safely using a mixture of 500 cc of Dextran 70, 1000 
units of Heparin and 120 mg of papaverine brought to a pressure of <200 
mmHg introduced into the vein via a branch or the transected end of the 
vein. After occluding the spasmed segment proximally, the surgeon must 
wait for the segment to dilate. If there is continued flow with both ends of 
the segment occluded, a fistula is present that should be ligated. Dilatation 
may take as much as 10 minutes. However, use of pressures of greater than 
200 mmHg will cause endothelial injury. Manual hydrostatic dilatation 
may unwittingly produce extremely high pressures and severe endothelial 
disruption. 

Use of the Modified Mills Valvulotome 

The valvulotome is the least traumatic method of valve incision available. 
Again, it should only be used in a dilated vein in order to minimize intimal 
injury. The most common problem encountered is laceration of a vein 
branch orifice. This can be prevented by visualizing each valve incised and, 
in particular, the posterior leaflet as there is often a branch immediately 
proximal to the insertion ridge. If the vein is lacerated in this manner, the 
defect should be patched, either with a separate piece of vein or with an 
in-continuity patch using the lacerated branch itself. 

The most reliable test for absence of a flow-limiting stenosis in the 
bypass conduit before construction of the distal anastomosis is to observe 
free flow through the distal divided end of the arterialized in situ vein. 
Strong, persistent pulsatile flow (over 5-10 seconds) is absolute evidence 
that no proximal hemodynamically significant stenotic lesion exists. 

If, however, there is initial strong flow (1-2 pulses) followed by dimi
nished flow, palpate along the conduit until a pulse is palpable. This is the 
site of obstruction or stenosis. If no valve leaflet is encountered by reintro
duction of the valvulotome, then spasm or a platelet plug is the cause. 
Before the distal anastomosis is constructed, deliberate closure of any in
completely lysed valves can be precipitated by rolling a folded towel or lap 
pad along the in situ conduit from top to bottom while there is high flow 
either to a perforating vein or the distal divided end. 
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Arterial Control 

Tibial arteries can be difficult to control atraumatically. Usually, use of 
small neurosurgical aneurysm clips (Yasargil, Heifetz) suffices. However, 
calcified arteries may preclude their effectiveness but should not be a 
reason to abandon the operation. There are several alternative methods 
available to aid the surgeon, all of which are useful at one time or another. 

An orthopedic tourniquet as suggested by Bernhard and Towne is safe, 
reliable, and effective, albeit somewhat cumbersome. Crushing the artery 
with a large clamp as suggested by Ascer may work, but we have been 
reluctant to use this technique. Small Fogarty catheters or Flo-Resters can 
give intraluminal control but also are difficult to sew around and can cause 
damage to the arterial intima. If all these maneuvers fail, then sewing while 
the blood is sucked from the field is an infallible, if messy, alternative. 

Anastomotic Technique 

The proximal anastomosis is usually performed with 7-0 continuous pro
lene, while the distal is sutured with 8-0 prolene. One to two centimeters of 
vein end should always be amputated and discarded as the intima is usually 
injured in the course of instrumentation. Thus, somewhat more vein than 
is necessary should always be prepared initially. Using the injured segment 
of vein can lead to early bypass failure or formation of stenoses leading to 
late bypass failure. 

The "parachute" technique for anastomosis is the most accurate method 
of suture placement in the anastomosis heel. There is no effort made to 
construct a large anastomosis; the arteriotomy is usually 1.5-2.5 times vein 
diameter. A great deal of effort is spent to avoid handling or touching the 
intima with forceps. Use of loupe magnification (2.5-3.5 x) and headlight 
illumination should be regarded as mandatory. 

Fistula Localization 

Iatrogenic arteriovenous fistulas produced by arterialization of the vein in 
situ are often a source of great concern for the surgeon. Identification and 
ligation of these fistulas is quite simple with the use of an intraoperative 
Doppler. 

After the proximal anastomosis is constructed, the Doppler signal in the 
proximal segment of the saphenous vein is noted. A high flow signal de
notes the presence of significant fistulas. If the vein is compressed proximal 
to all fistulas, there will be a cessation of flow as detected by the Doppler. 
By moving the compressing finger gradually more distally, eventually the 
Doppler will suddenly detect flow. The underlying fistula can then be dis-
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sected and ligated. Only those branches with high flow need be ligated. 
There is no need to ligate every branch of the saphenous vein; in fact, 
doing so will lengthen the operative procedure and require needlessly ex
tensive dissection. A completion angiogram will identify residual major 
fistulas. Usually fistulas from the bypass to the deep system (perforators) 
are ligated while cutaneous fistulas are ignored. Persistence of a small 
amount of fistula flow at the completion of the procedure is of no great 
concern, as the natural history of these fistulas is usually one of progressive 
asymptomatic occlusion. 

Completion Angiography 

On-table completion angiograms are useful in identifying certain prob
lems. Small, irregular intraluminal defects may be due to platelet aggre
gates in the area of intimal damage; these areas should be examined with 
the Doppler. If there is a corresponding flow acceleration (stenosis), this 
area should be opened and patched. Areas of persistent spasm should be 
hydrostatically dilated. Retained valve leaflets often will not be visualized 
by angiography but are detectable by Doppler as areas of stenosis. 

Follow-up 

An adequate follow-up program is just as important as performing a 
proper operation. Pulse volume recordings are done on the first or second 
postoperative day. In addition, the distal end of the bypass is examined by 
Doppler each day postoperatively. Any bypass occlusion is immediately 
returned to the operating room, as the occlusion is initially segmental and 
needs only a short jump graft or patching. Although blood will remain 
liquid within the uninjured part of the in situ bypass, often for many days, 
any delay of revision may lead to loss of the entire bypass. 

After discharge the patients are seen within two weeks and every three 
months thereafter for the first year; subsequent visits every six months are 
recommended. At each visit, segmental pressures, pulse volume record
ings and Doppler examination are performed. In addition, if possible, ex
amination with duplex ultrasound is done as this has proven to be the most 
sensitive test for identifying early stenoses or other occult problems. 

Conclusion 

Successful utilization of the in situ technique requires strict adherence to 
the principles of avoiding intimal injury because preservation of the intact 
endothelial monolayer is probably the key to the superior performance of 
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TABLE 30.1. Life table analysis of 1431 in situ bypasses. 

Interval Grafts Interval Cumulative 
(months) at risk Occlusions patency patency 

0-1 1431 56 0.959 0.959 
2-12 1215 50 0.950 0.911 

13-24 745 24 0.962 0.876 
25-36 501 9 0.979 0.858 
37-48 333 11 0.961 0.824 
49-60 224 4 0.978 0.807 
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TABLE 30.2. Life table analysis of 967 tibial in situ bypasses. 

Interval Grafts Interval Cumulative 
(months) at risk Occlusions patency patency 

0-1 967 36 0.960 0.960 
2-12 813 36 0.946 0.908 

13-24 481 15 0.962 0.874 
25-36 302 8 0.969 0.847 
37-48 202 5 0.971 0.822 
49-60 135 3 0.973 0.800 

the in situ bypass. Atraumatic valve incision, use of fine anastomotic tech
nique, and recognition and correction of problems will ensure a high suc
cess rate for the surgeon. 
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31 
Modern Concepts of Vascular and 
Microvascular Disease in Diabetes 
Mellitus: Implications for Limb 
Salvage 

FRANK W. LOGERFO and FRANK B. POMPOSELLI, JR. 

Foot problems are one of the most common reasons for hospitalization of 
patients with diabetes mellitus. The incidence of major amputation is 
approximately 1 % per year for the diabetic population over the age of 65. 1 

Ischemia, often in combination with neuropathy and infection, is a major 
factor in the pathogenesis of diabetic foot problems. The purpose of this 
article is to describe the mechanisms leading to ischemia and to provide a 
plan for optimum clinical management. 

One of the greatest impediments to appropriate care of foot problems in 
patients with diabetes is the misconception that they have an untreatable 
occlusive lesion in the microcirculation.2 This idea originated over 30 years 
ago from a retrospective histologic study that demonstrated the presence of 
PAS-positive material in the arterioles of lower extremity amputation 
specimens from patients with diabetes mellitus. This lesion was described 
as an "arteriolosclerosis" of diabetes. However, subsequent prospective 
histologic studies of amputation specimens failed to demonstrate an arter
iolar occlusive lesion characteristic of patients with diabetes.3 In addition, 
a prospective study of amputation specimens employing a sensitive arterial 
casting technique4 confirmed the absence of any small artery or arteriolar 
occlusive lesion associated with diabetes mellitus. Physiologic studies of 
patients undergoing femoropopliteal bypass demonstrated no fixed resist
ance characteristic of arteriolar arteriolosclerosis,5 and a study employing 
foot plethysmography concluded there was no evidence of a diabetes
specific small vessel disease.6 In view of this evidence, accumulating over 
several years and originating from different experimental approaches, it 
appears safe to conclude that there is no occlusive lesion in the microcir
culation of patients with diabetes mellitus. This is critically important in 
clinical management, since if such a lesion existed, it would preclude any 
effectiveness for arterial reconstruction and would connote a poor prog
nosis for arterial graft patency. 

While there is no occlusive lesion in the microcirculation, there does 
appear to be some evidence of microcirculatory dysfunction. The muscle 
capillary basement membrane is thickened in patients with diabetes, and 
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while this is not an occlusive lesion, it may influence the exchange of nu
trient materials and/or white blood cells between the capillary and the in
terstitial fluid. Nonenzymatic glycosylation of basement membrane compo
nents replaces sulphur groups and reduces the charge on the basement 
membrane, which may explain the increased capillary leak of highly 
charged molecules such as albumin 7 often noted in patients with diabetes 
mellitus. However, there does not appear to be any impairment of oxygen 
diffusion since diabetic patients presenting with foot ulcers actually have a 
higher transcutaneous p02 than nondiabetic patients with foot ulcers.8 In 
addition, anatomy of the capillaries appears to be different, with more 
tufted or glomerular-like capillaries noted on video capillary densi
tometry.9 This, combined with the autosympathectomy that occurs in dia
betes, may interfere with normal distribution of blood flow, particularly 
in response to pressure points. Thus, it is logical to conclude that there may 
be functional abnormalities, not occlusive, in the microcirculation that con
tribute to development of ulceration in the diabetic foot, although a precise 
link has not been demonstrated. 

The clearest differences between patients with and without diabetes mel
litus occur in the realm of peripheral vascular occlusive disease (athero
sclerosis). For example, prevalence of occlusive disease as demonstrated 
by noninvasive tests was five times higher among patients with noninsulin 
dependent diabetes mellitus as compared with normals. lO Furthermore, 
87% of patients with diabetes mellitus and occlusive disease had evidence 
of progression within a two-year period. The anatomic pattern of athero
sclerotic occlusive lesion is different in patients with diabetes mellitus, 
and this difference has important clinical implications. With diabetes 
there is a propensity for the occlusive lesion to involve the infrageniculate 
arteries, often referred to as "tibial vessel disease." Surprisingly, however, 
this propensity appears to end at the ankle, so that there is actually less 
occlusive disease involving the foot arteries in patients with diabetes melli
tus. This observation was originally made by Strandness3 on histologic stu
dies and confirmed by Conrad4 by arterial casting, and more recently de
monstrated by Menzoian et al.11 by arteriography. Once again, it would be 
inappropriate to label this atherosclerotic occlusive process as a "small ves
sel" pattern since its influence appears to be confined to the proximal and 
midtibial vessels, with sparing of the smallest arteries, the foot arteries. 
This observation is extremely important because it allows for successful 
arterial reconstruction to the distal tibial peroneal or pedal arteries in the 
ischemic diabetic foot. 

In general, the absence of palpable foot pulses, in the presence of tissue 
loss, is sufficient confirmation that ischemia is a contributing factor. The 
use of Doppler ankle pressures is an effective assessment of ischemia in 
over 90% of patients with diabetes mellitus. However, about 10% of pa
tients will have calcification of the tibial vessels to such an extent that they 
cannot be occluded by a blood pressure cuff, the so-called "noncompres-
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sible" vessels. In such instances, compression of the toe vessels is almost 
always possible12 or, alternatively, pulse volume recordings may be help
ful. Once it has been determined that ischemia is a contributing factor to 
tissue loss, prompt arteriography should be performed, followed by arte
rial reconstruction. 

Accurate and complete arteriography is the cornerstone of success in 
arterial reconstruction, and in the diabetic patient this requires an under
standing of the anatomic pattern of occlusive disease. Thus, it is essential 
that arteriography include the foot vessels, even when the more proximal 
tibial and peroneal arteries are completely occluded. A common mistake is 
to note the infrageniculate artery occlusion and make the assumption that 
"small vessel disease" is present and proceed no further with the arterio
gram. Fear of contrast-induced renal failure is often invoked as a limitation 
on arteriography. However, this is not true in patients without preexisting 
renal failure, seldom occurs even in patients with preexisting renal failure, 
and rarely requires dialysis for management. 13 Selective femoral injection, 
combined with use of digital subtraction arteriography, when necessary, 
will lead to visualization of the foot vessels in virtually all patients, even 
those with severe tibial occlusive disease. The use of nonionic contrast 
material appears to offer no significant clinical advantage as far as the de
velopment of renal failure is concerned, and the greatly increased cost of 
this agent does not seem to be justified for that purpose. 14 

Many diabetics in need of revascularization present with severe, limb
threatening infection that must be treated aggressively with appropriate 
antibiotics, local debridement and adequate drainage as a first priority. 
Once infection is under control, arteriography and revascularization can 
and, should be performed. By prompt initiation of these steps, many 
threatened limbs can be salvaged with only minor toe amputations. Neuro
pathy is an important additional mechanism in the pathogenesis of diabetic 
foot problems.1s Although neuropathy may produce an insensitive foot, 
may alter or mask the classic manifestations of claudication and ischemic 
rest pain, the presence of neuropathy should not preclude diagnosis and 
treatment of ischemia with threatened tissue loss. 

In contrast to some earlier reports, more recent experiences with lower 
extremity arterial reconstruction demonstrate better results in patients 
with diabetes mellitus than in nondiabetic patients. 16 We have found this to 
be true even though diabetics more frequently require distal tibial, 
peroneal or pedal reconstruction as compared with standard femoropop
liteal reconstruction in nondiabetics. 17,18,19 Overall vein graft patency at 
four years was 88% in diabetics as compared with 82% in nondiabetics. 
While minor amputations were more frequently necessary, major amputa
tions were required less frequently in diabetic patients undergoing arterial 
reconstruction. Excellent results can be obtained even in patients present
ing with a strong, palpable popliteal pulse, severe midtibial disease, and 
reconstitution of the distal tibial/pedal vessels. 20 In fact, the excellent re-
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suIts obtained using the popliteal artery for inflow have been an important 
advance in simplifying arterial reconstruction in diabetics. When construct
ing vein grafts to the dorsalis pedis artery, we have not found any signif
icant difference in outcome as a function of the site of inflow or the tech
nical approach, i.e., in situ vs. reversed or nonreversed. Thus we advocate 
a flexible approach to these reconstructions, taking advantage of the tech
nical strategy best suited to the vascular anatomy at hand.21 

This favorable outcome of arterial reconstruction demonstrates in a 
different way the absence of any microvascular occlusive lesion impeding 
outflow from arterial reconstructive procedures in patients with diabetes 
mellitus. Control of infection, expert arteriography, and technical ex
pertise in the performance of extreme distal reconstruction are essential 
to successful limb salvage. 

Summary 

This is no evidence confirming existence of an occlusive lesion in the micro
circulation in patients with diabetes mellitus as a source of ischemia in the 
foot. When ischemia occurs, it is due to atherosclerosis, which has a pro
pensity to involve the infrageniculate arteries but not the arteries in the 
foot, especially the dorsalis pedis. Results of vein graft reconstruction to 
these distal arteries are as good as or better than results of more standard 
arterial reconstructions in nondiabetics. Success in management of the di
abetic foot requires early drainage and control of infection followed by 
diagnosis of ischemia if present. Arteriography should always include foot 
vessels to determine whether distal arterial reconstruction is possible. With 
this approach, recent results of limb salvage.in patients with diabetes have 
improved markedly. 
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Detailed attention to technical precision in the performance of popliteal 
and infrapopliteal bypass operations using autogenous vein as the conduit 
of choice has produced marked improvement in the patency results of 
lower extremity bypass operations in recent years. Using either the in situ 
or the reversed technique, most vascular surgeons have recognized signif
icant improvement in their ability to salvage ischemic limbs threatened 
with amputation. The purpose of this communication is to describe our 
preferred technique for reversed vein bypass to popliteal and infrapopliteal 
arteries. Hopefully, the description is sufficiently detailed to permit the 
reader to benefit from our experience while avoiding some of the learning 
curve pitfalls we encountered. 

Patient Selection 

Almost all patients with salvageable limbs threatened by ischemia are 
potential candidates for bypass. Multiple factors, such as those listed in 
Table 32.1, previously considered by many as relative or absolute contrain
dications to limb salvage surgery, have not deterred us from the perfor
mance of leg bypass. In particular, failure of previously performed bypass 
grafts, even to infrapopliteal arteries, and presumed lack of suitable auto
genous venous conduit are not contraindications to repeat bypass grafting. 

However, two patient groups do present absolute and relative contra
indications, respectively, for lower extremity revascularization. Institu
tionalized, neurologically impaired, nonambulatory patients obviously 
will receive little benefit from limb revascularization. We do not routinely 
recommend or perform limb salvage surgery in this patient group. A 
relative contraindication occurs in diabetics with end stage renal disease 
who present for treatment with large (>30 cm2) gangrenous ulcers of 
the foot. Despite continued graft patency, we have been unable to con
sistently or predictably achieve wound healing or limb salvage in this 
setting.! 

371 
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TABLE 32.1. Factors that are not contraindications to distal bypass. 

1. Failure of previous bypass 
2. Lack of sufficient saphenous vein 
3. Failure to visualize pedal arch on arteriogram 
4. Lack of angiographic runoff to foot vessels 
5. Gangrenous ulcer involving calcaneus 
6. Failure to visualize patent distal vessels on previous arteriogram 
7. Calcified infrapopliteal arteries 
8. Excessive anesthetic risk 

Amputation, the inevitable alternative to lower extremity revasculariza
tion, constitutes an operative risk at least equal to that of bypass surgery 
with a far less desirable outcome.2,3 Thus, we perform diagnostic arte
riography in almost all patients with limb-threatening ischemia, regardless 
of perceived risk. 

Arteriography 

High quality distal leg arteriography is essential for optimal bypass surgery. 
Detailed views of tibial and pedal arteries opacified by high contrast den
sity permit precise selection of anastomotic sites. Adequate visualization 
of distal leg vessels below multiple levels of proximal occlusion is a 
demanding exercise in angiographic technique. Selective catheterization 
of downstream vessels, delayed filming, use of intraarterial vasodilators, 
and external warming may all be necessary to provide precise anatomic 
detail. 4 Figure 32.1 demonstrates the detail obtained using these tech
niques. Digital subtraction techniques may supplement conventional arte
riography, but the surgeon must use caution in interpreting these images. 
Poor contrast density often precludes precise selection of anastomotic 
sites using digital subtraction, and anatomic relationships to surrounding 
landmarks frequently are obscured. Operative pre bypass arteriography 
should also be avoided. We find it necessary in far less than 1% of our 
patients. Need for prebypass operative arteriography5 in more than occa
sional patients clearly indicates inadequate preoperative arteriography, a 
problem that must be corrected. High quality preoperative arteriography 
is essential for timely completion of operative planning prior to taking the 
patient to the operating room. 

With adequate arteriograms, patients with chronic lower extremity 
ischemia in whom some revascularization operation is not possible are in
creasingly rare. We recently reported our experience with 627 critically 
ischemic limbs treated since 1980.6 Primary amputation was performed 
only when no graftable distal vessels were present on good quality arterio
grams and was required in only 14 patients (2.8%) and in none in the past 
three years. 
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------------------------------------------------------~~ 
FIGURE 32.1. A and C: Conventional arteriogram fails to visualize patent distal vessels. Band 
D: Arteriogram following tolazoline injection and external warming demonstrates widely pa
tent anterior tibial artery (arrows) suitable for bypass. E: Operative arteriogram. Reprinted 
with permission from Kozak BE, Bedell JE, Rosch J: Small vessel leg angiography for distal 
vessel bypass grafts. J Vasc Surg 1988;8:711-715. 

Anesthesia 

An infrainguinal bypass operation must be considered a major undertaking 
by both the surgeon and the anesthesiologist. The majority of patients are 
elderly and infirm, and severe multisystem diseases, especially coronary 
artery disease, are uniformly present. Haste is the enemy of a carefully 
constructed bypass. All provisions must be made to permit safe conduct of 
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Fig. 32.1C-D 

an unhurried procedure. Regional and general anesthetic techniques are 
both satisfactory. Full hemodynamic monitoring is appropriate in many 
patients. We routinely use the autotransfusion device for reoperative 
surgery. In selected patients, we administer nitroglycerin continuously dur
ing anesthesia and during the first postoperative day in an attempt to pre
vent and/or treat myocardial ischemia, as myocardial infarction remains a 
frequent complication of lower extremity bypass surgery. 

Conduct of the Operation 

Many leg bypass procedures are extensive and time consuming. Optimal 
surgical orientation must be toward performance of a technically satisfac-
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Fig. 32.1E 
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tory bypass without regard to time or scheduling demands outside the 
operating room. We routinely perform lower extremity bypass operations 
with two complete operating teams, each composed of senior surgeon and 
resident trainee. This approach minimizes both operating time and time 
from vein removal to reimplantation while maximizing exposure of all resi
dents to the operation and insuring that adequate expertise is concentrated 
on all aspects of the procedure. 

The synergistic effect of the presence of two senior surgeons is important 
to us and justifies the significant resource commitment. The added man
power allows simultaneous timely performance of multiple vein harvests, 
unhurried redissection of previously operated areas, extensive endar
terectomies, etc., all of which may be necessary to achieve a satisfactory 
autogenous reconstruction. The investment in time and effort for success
fullimb salvage surgery in our experience is greater than, for example, that 
required for aortic aneurysm surgery, although the latter is uniformly re
garded as a procedure of greater magnitude. 

Equipment 

Magnifying loupes, high quality miniature instruments, and bright, even 
lighting (frequently using a headlight) are essential for optimal results. 
Appropriate x-ray equipment must be available for operative arterio
graphy. We use a separate sterile work table with seating for two per
sons, instruments, sutures, and adequate lighting, for preparation of the 
venous conduit (Table 32.2). 

Vein Harvest 

Procurement and preparation of the venous conduit are the sine qua non of 
bypass surgery. We perform this portion of the procedure first. The length 
of usable vein available frequently dictates necessary variations in the 

TABLE 32.2. Equipment needed for distal bypass. 

Magnifying loupes 
Headlight 
Miniature needle holders 
Miniature forceps 
Silastic vessel loops 
Balloon catheters 
Portable x-ray equipment 
Electromagnetic flow meter 
Sterile Doppler probes 
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TABLE 32.3. Alternate vein sources in patients with absent ipsilateral greater 
saphenous vein in decreasing order of preference. 

Contralateral greater saphenous vein 
Cephalic vein 
Basilic vein 
Lesser saphenous vein 
Saphenous vein branches 
Superficial femoral vein 

planned arterial portions of the procedure. The operation is tailored to 
accommodate the vein, not the opposite. The approach to vein harvest 
differs slightly between patients with intact greater saphenous vein and 
those without. For all patients, however, the operative field is prepped to 
allow access to' the extremity which contains the vein intended for use as 
well as at least one other extremity as a source of additional vein, if 
needed. 

In patients with intact ipsilateral greater saphenous vein, simultaneous 
proximal and distal vein harvest is performed at the saphenous bulb and as 
far distally as necessary for the contemplated procedure. Great care is 
taken to avoid undercutting of skin flaps in an effort to minimize wound 
healing problems. Accurate dissection of the vein and division of side 
branches requires wide exposure, which we obtain through two or three 
nearly continuous incisions. 

The surgeon should never accept the declaration of a previous operator 
that the saphenous vein in question is "too small" or "inadequate" to be 
used as a bypass conduit. Frequently, the problem was failure to identify 
the true greater saphenous at the bulb. Similarly, the estimation of vein 
size or adequacy may vary widely from operator to operator. If the vein has 
not been physically removed, it should be regarded as. the conduit of choice 
until direct inspection reveals unsuitability. 

For patients with no adequate greater saphenous vein, alternate sources 
are considered in the general order of preference listed in Table 32.3. The 
surgeon should not hesitate to use the contralateral greater saphenous 
vein, regardless of the status of the contralateral leg. If healing of vein 
harvest sites caused by ischemia in the donor leg becomes a postoperative 
problem, multiple options for revascularization are available. In actual 
practice, failure of wound healing in vein harvest incisions has occurred in 
only 3.4% of patients in whom contralateral saphenous vein was used as a 
bypass conduit. Healing after revascularization using alternate vein sources 
has been achieved in all patients. 

In the absence of contralateral greater saphenous vein, we prefer to ex
plore the arms for usable cephalic or basilic veins. An undamaged cephalic 
vein extending from wrist to shoulder is ideal. This vein can provide a 
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conduit of sufficient length for most infrapopliteal bypasses. Unfortunate
ly, given the frequently hospitalized status of most patients with vascular 
disease and the well recognized position of the cephalic vein as the "in
tern's friend," this vein is rarely available in full length. The basilic vein 
from elbow crease to axilla is rarely injured by venipuncture and is invari
ably available regardless of external appearance of the arms. This vein 
segment is of limited length for performance of all but short extension 
grafts (as in conversion of a femoropopliteal to femoroinfrapopliteal graft). 
The great utility of the basilic vein segment is that it can be combined with 
other vein segments of limited length (lesser saphenous, greater saphenous 
remnant, etc.) to form bypass conduits. Regardless of the harvest site, arm 
veins function admirably as lower extremity bypasses, being usually of 
greater diameter than the corresponding leg veins, although more thin
walled, delicate, and difficult to handle. Controversy has surrounded the 
use of arm veins as bypass conduits. Some have condemned their use.1 
However, we and others who use arm veins frequently have found them to 
be eminently satisfactory conduits.8 ,9 

If neither greater saphenous nor good quality arm vein is present at the 
beginning of the procedure, we begin the vein harvest with a search for 
usable lesser saphenous veins. For these operations, the patient is initially 
placed in the prone position and the posterior surface of the legs prepared 
and draped. The lesser saphenous veins are removed, the wounds closed, 
and the patient then placed in the supine position for the balance of the 
procedure. Although this step requires additional operative time, lesser 
saphenous harvest with the patient supine is awkward and frequently re
sults in venous injury. Lesser saphenous veins have been of sufficient size 
and quality to be useful as bypass conduits in about 50% of our patients. 
The vein is more likely to be of suitable quality in patients in whom the 
ipsilateral greater saphenous vein has been absent for some time than in 
patients in whom greater saphenous removal was recent. A single lesser 
saphenous vein of normal length is sufficiently long to form a bypass to the 
above-knee popliteal artery. This conduit is useful for below-knee pop
liteal or infrapopliteal bypass only in patients in whom origin of the 
bypass distal to the common femoral artery is possible. Two lesser sa
phenous veins will form a conduit of adequate length to form any com
monly performed lower extremity bypass. 

Significant branches of the greater saphenous vein, including large par
allel segments, exist in many persons. Depending on size, these branches 
may serve well as bypass conduits. Their size and location should be de
scribed in detail in the operative note at time of primary GSV harvest to 
permit their later use should additional vein be required for secondary pro
cedures. We have extremely limited experience with use of the superficial 
femoral vein, although this conduit is preferred by some.1O On those few 
occasions when we have used it this vein has proven satisfactory, especially 
as a short extension to another vein of limited length. Venous mapping by 
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duplex ultrasoundll may be useful in identifying short segments of remain
ing, patent vein suitable for bypass after previous vein harvest. We have 
not relied upon pre-op duplex vein mapping and use the procedure infre
quently. 

Vein Conduit Preparation 

Immediately upon removal the vein is placed on a specially equipped ster
ile table with an adequate work surface, seats, sufficient lighting, and good
quality miniature instruments (Fig. 32.2). One operating team, consisting 

FIGURE 32.2. Preparation of the vein graft is completed at a separate "work bench" with 
comfortable seating and adequate lighting: 1) chilled autologous blood; 2) tunneling device; 
3) 5-0 silk ties for small branch ligation. 
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of senior surgeon and resident trainee, devotes full attention to prepara
tion of the venous conduit while the other team prepares arterial sites for 
anastomosis. 

We use chilled (4°C) autologous blood with added heparin (30 units/ml) 
and papaverine (0.5 mglml) to distend the vein, insure ligation of all side 
branches, and confirm patency. Distension is achieved manually using a 
Titus® needle on a small syringe. We make no effort to monitor intralumi
nal distending pressure as in our experience this has not been an impor
tant variable. Size has been emphasized as an important criterion of vein 
suitability. In our opinion vein size is far less important than quality, al
though we do not routinely use veins smaller than 3 mm in diameter. The 
vein (or veins) must be carefully inspected for sites of thrombosis and/or 
sclerosis. Vein grafts containing thick-walled, albeit patent, sclerotic seg
ments that are not easily distensible have not functioned satisfactorily in 
our experience. The absence of normal distension may be the only evi
dence of multiple intraluminal synechiae and/or sclerotic valves that, if 
not removed, doom the vein to early thrombosis. 

Performance of the maximum number of autogenous vein bypasses man
dates that the surgeon be prepared to fashion composite vein grafts using 

FIGURE 32.3. Technique of venovenous anastomosis. Note guy sutures anchored to operating 
tray for traction and stability. Inset: The anastomosis is beveled to accommodate components 
of varying diameter. 
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FIGURE 32.4. Completed venovenous anastomosis . This vein was of good quality throughout 
its length except for the excised sclerotic segment seen below the knife handle . This was 
discerned by palpation and complete lack of distensibility. Reprinted with permission from 
Taylor LM Jr, Porter JM: Reversed vs in situ. Persp Vasc Surg 1988;1:35-58. 

vein from many different sites. Although this simple technical step was 
early advocated by Linton and Darling,12 few have since emphasized its 
use. Many otherwise aggressive vascular surgeons regard simple end-to
end venovenous anastomoses as difficult and doomed to early failure. We 
have not found this to be the case . We construct such anastomoses by 
spatulating the ends of the venous segments to a length approximately two 
times the diameter of the larger of the two segments and completing clo
sure with running sutures of 7-0 or 8-0 polytetraflouroethylene (PTFE) 
(Fig. 32.3). The anastomosis is tested, but only gross leaks are repaired by 
suture, as the need for such "leak stoppers" can only be accurately assessed 
when the graft is filled with blood at arterial pressure (Fig. 32.4). 

Bypass Tunneling 

Bypass grafts are placed along the anatomic course of the arteries they 
replace. Subcutaneous tunneling is used if the anatomic route is excessively 
scarred. A special tunneler designed by us and constructed in our own 
instrument shop is used to permit passage without the need for counter 
incisions (Fig. 32.5) . 

Grafts composed of a single length of saphenous vein are passed through 
the tunneler lumen while distended with chilled autologous heparinized 
blood, following which, two operating teams perform the proximal and 
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A ----------------------------------------

B 

FIGURE 32.5. A and B: Tunneling device permits passage of grafts without counter incisions. 
Reprinted with permission from Taylor LM Jr, Porter JM: Current status of the reversed 
saphenous vein graft. Chapter in Bergan 11, Yao JST (eds) , Arterial Surgery, 1988. Orlando, 
Grune and Stratton, pp. 483-506. 

distal anastomoses simultaneously. For grafts with one or more veno
venous anastomoses, the proximal anastomosis is performed first and the 
graft allowed to fill with blood under arterial pressure. The venovenous 
anastomoses are then inspected for hemostasis. Once this is assured, the 
graft is passed through the tunnel and the distal anastomosis performed 
(Fig. 32.6). 

Proximal Anastomosis 

The graft origin is chosen based upon the single requirement that there is 
no obstruction to arterial inflow. We do not preferentially use the common 
femoral artery for proximal anastomosis, using instead the most distal 
possible inflow site, both to conserve usable vein and to allow the hemody
namic advantage that may be associated with short grafts. 13 Many diabetic 
patients have widely patent common femoral and proximal superficial 
femoral arteries, the latter of which is frequently used by us as the origin 
for distal bypass grafts. Other patients have severely diseased common 
femoral and proximal profunda femoris arteries. The deep femoral artery 
is routinely revascularized concurrently with distal bypass if stenosis is 
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FIGURE 32.6. Use of tunneler. Specially constructed removable handle and stylet permit pas
sage of grafts through metal tube. 

present in this vessel. This is typically accomplished by endarterectomy. 
Deep femoral revascularization is performed concomitant with infra
inguinal bypasses in 30% of our patients. The deep femoral artery may 
conveniently serve as the origin for the bypass , either by using the proxi
mal anastomosis as a full length patch closure of the endarterectomy, or, 
if vein length is limited, by forming the proximal anastomosis from the 
distal portion of the revascularized deep femoral (Fig . 32.7). 

The reversed vein technique requires anastomosis of the smallest portion 
of the vein to the proximal arterial site. We incorporate a side branch of 
the vein into the proximal anastomosis, as illustrated in Figure 32.8. We 
routinely tailor our vein graft harvest to permit use of these side branches, 
using this technique for graft origin in over 90% of our bypass procedures. 
Meticulous technique is essential. Great disparity in vessel size and wall 
thickness between artery and vein may be best solved by preliminary 
application of a vein patch to the artery to which the vein graft is subse
quently anastomosed. In practice we use this technique infrequently. Both 
these maneuvers to avoid compromise of the proximal anastomosis were 
described by Linton.12 We routinely use 6-0 or 7-0 PTFE sutures for prox
imal anastomosis. 
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FIGURE 32.7. Use of vein graft origin as patch graft for considerable length of deep femoral 
artery. 

Distal Anastomosis 

The site for distal anastomosis is chosen solely on the basis of the preopera
tive arteriogram. Properly performed studies, described in the section on 
angiography, provide the most reliable indication of relative size and lack 
of disease of the recipient artery. The surgeon must resist the temptation to 
change the operative plan based upon findings of inspection and palpation 
at operation. External physical evaluation of distal arteries is notoriously 
misleading. Thus, nearly normal arteries may appear unusably small be
cause of normal spasm, and widely patent arteries may seem unusable be
cause of extensive calcification which, in fact, is generally inconsequential. 
The angiographic image of the vessel lumen is the most important deter
minant of suitability for anastomosis. The popliteal artery is normally 
approached from its medial side. Alternate lateral exposure is quite accept
able if the medial route is contraindicated by infection or other factors. 

The posterior tibial and peroneal arteries are most conveniently 
approached through a medial calf incision and the anterior tibial through 
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FIGURE 32.8. Technique of proximal anastomosis. A: Conventional anastomosis is prone to 
narrowing in proximal portion of graft. B: Incorporation of side branch into anastomosis. C: 
Narrowing prevented. Reprinted with permission from Taylor LM Jr, Edwards JM, Phinney 
ES, Porter JM. Reversed vein bypass to infrapopliteal arteries: Ann Surg 1987;205:90-97. 

an incision lateral to the tibia. The distal posterior tibial, plantar arteries, 
and dorsal pedal arteries are exposed through longitudinal incisions direct
ly over their course on the ankle or foot. Alternately, the anterior tibial 
artery can be exposed through a medial calf incision by dividing the in
terosseous membrane. We rarely use this exposure because of frequently 
encountered troublesome venous bleeding. The distal popliteal and entire 
posterior tibial and peroneal arteries can be widely exposed through a mid
line posterior calf incision. We have found little use for this technique. 
Although some have advocated fibulectomy for exposure of the peroneal 
artery, we have never perceived the need for this step, as in our experience 
the artery is easily and conveniently exposed from the medial side. 

Whichever approach is chosen, dissection of distal arteries, especially 
those below the popliteal level, must be accomplished in a meticulous, 
unhurried fashion with adequate exposure, lighting, magnification, and 
appropriately delicate instruments. Multiple large adherent veins with in
terlocking branches surround each of the infrapopliteal arteries. Trouble
some bleeding occasioned by entry into these vessels is best avoided. 

We choose to expose completely 3-4 cm of artery in preparation for 
anastomosis. Rubber or plastic vessel loops are used to stabilize and ele
vate the artery and control backbleeding in vessels sufficiently soft to allow 
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FIGURE 32.9. Exposure of infrapopliteal arteries. Note generous incision, dissection of suf
ficient length to facilitate anastomosis, and use of Silastic® loops for control and stabilization. 
Inset: Use of intraluminal balloon catheters for control of hemorrhage in calcified arteries. 

compression (Fig. 32.9). Side branches (which may be minute) are careful
ly preserved and controlled with slings of fine silk. Once the vessel is con
trolled, an arteriotomy is created, which in length is 10-20 times the diam
eter of the vessel for infrapopliteal arteries and 2-3 times the diameter of 
the popliteal artery. Thus, most anastomoses are 20-30 mm in length. The 
vein is cut at an angle and carefully tapered to provide a flat angle of entry 
as well as a gradual transition in diameter from vein graft to artery (Fig. 
32.10). This technique obviates much of the distal size mismatch otherwise 
inherent in reversed vein bypass, produces an acceptable angiographic 
appearance, and has been associated with a high success rate (Fig. 32.11). 
Continuous suture technique with 7-0 or 8-0 PTFE is used routinely. 

Many infrapopliteal arteries are heavily calcified, especially in diabetics. 
The consistency of these vessels may appear formidable, especially to the 
uninitiated. Given a widely patent artery by angiography, we have to the 
present never encountered an infrapopliteal artery unsuitable for anasto
mosis. Heavily calcified vessels are opened with a longitudinal arteriotomy 
without any effort at clamping or other vascular control. Gently inflated 
balloon catheters are used to control backbleeding. In especially rigid ves
sels, a small ellipse of tissue about the arteriotomy is removed to insure a 
patent anastomosis. Special needles have been developed to aid in penetra-



32. Technique of Reversed Vein Bypass to Distal Leg Arteries 387 

A 

B 

c 

FIGURE 32.10. Technique of anastomosis to infrapopliteal arteries. A: Note angle of vein 
transection and generous length of anastomosis. B: Note "flat" angle between vein and artery. 
C: Tip of vein is carefully tapered to gradual transition from vein to artery diameter. 

tion of calcified arteries and are a material improvement over those pre
viously available (Piercing Point®, W.L. Gore) . Fragmentation of bits of 
calcified artery wall is common, and these pieces must be irrigated away to 
prevent distal embolization. In recent years we have come to use PTFE 
sutures, 6-0, 7-0 and 8-0, almost exclusively for vein bypass procedures. 

Once distal anastomosis is completed and flushed, forward flow is estab
lished and hemostasis obtained. Pressure and patience frequently achieve 
more effective hemostasis than multiple sutures, any of which may com
promise the anastomosis. Topical thrombin spray (Thrombostat®, Parke
Davis) has been especially useful in our recent experience. 

Assessment of Repair Adequacy 

Direct measurement of graft flow, Doppler assessment of distal signals , 
and completion arteriography are all used to document satisfactory graft 
function. The electromagnetic flowmeter probe (usually 4 mm) is applied 
directly to the graft . Most infrapopliteal bypasses have initial mean flow 
from 60 mlImin to 150 ml/min. Values lower than 60 mVmin should raise 
suspicion of technical problems. Once basal flow readings are recorded, 
papaverine (30 mg) or tolazoline (25 mg) is injected into the proximal 
graft. Measured flow should at least double within 60-90 seconds following 
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FIGURE 32.11. Angiographic appearance of properly constructed distal anastomosis. This 
graft has been patent for four years. 
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FIGURE 32.12. Operative completion arteriogram demonstrating widely patent sequential 
femoral-popliteal-anterior tibial bypass with excellent contrast density. 
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this step. Absence of this response indicates a potential mechanical prob
lem and mandates completion arteriography. 

A sterile Doppler probe is used to directly insonate the graft and the 
distal vessels at the ankle and foot levels. Absence of crisp arterial signals 
at all expected locations should never be attributed to spasm and is an 
absolute indication for completion arteriography. 

Completion arteriograms are performed by cannulating the proximal 
vein graft with a 20- or 22-gauge polyethylene catheter, occluding the 
inflow, and hand injecting 15 cc 60% Conray®. A single exposure is made 
with the film positioned directly beneath the extremity (not within the 
operating table). This inflow occlusion technique produces reliable high 
quality images with good contrast density (Fig. 32.12). Any irregularity, 
stenosis, or intraluminal defect revealed by this technique must be ex
plained and corrected. Spasm, which occurs surprisingly often in these 
heavily diseased arteries, is easily recognized and differentiated from tech
nical flaws. 

Given a satisfactory flow measurement, good quality distal Doppler sig
nal, we have not recognized early graft failure. In recent years we have 
used completion arteriography much less frequently than previously. 

Wound Management 

Incisions are closed with absorbable sutures for subcutaneous tissue. 
Avoiding both fat necrosis on the one hand and hematomalseroma accu
mulation on the other is best accomplished in our hands by using a single 
layer of subcutaneous sutures in all incisions except the groin, where two 
layers are used. The skin is closed with continuous subcuticular absorbable 
suture, which we believe has decreased the incidence of skin edge necrosis 
seen with other techniques used in the past. Suction drains are used liber
ally, both in distal leg incisions, where postoperative oozing from tran
sected revascularized calf muscle is frequent, and in other incisions as 
needed, especially previously operated sites. 

Postoperative Management 

Patients are monitored in an intensive care setting until stable. Ambulation 
is begun as soon as tolerated, never later than 48 hours postoperatively. 
Edema is inevitable in the operated legs and is especially severe in reopera
tive patients. Control is achieved through elastic stockings. An initial light 
compression stocking is applied the first postoperative morning and is re
placed with a below-knee 30 mm gradient stocking as soon as allowed by 
incisional pain. 
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Pharmacologic Management 

Aspirin, 325 mg orally each day, is begun the day prior to surgery and 
continued indefinitely. Sufficient heparin is given prior to arterial clamping 
to prolong the activated clotting time to 2-112 to 3 times normal. Additional 
heparin is given as needed to maintain this level. Once the bypass is con
cluded, sufficient protamine is given to completely reverse the heparin. 
Dextran 70, 6% in normal saline, 500 cc/day x 2-3 days, is given to pa
tients with low flow grafts «75 cc/min) and patients with extensive prox
imal endarterectomies. Topical papaverine is used liberally to combat 
visible spasm in infrapopliteal arteries. 

Overview and Conclusions 

In our opinion the most essential contribution to successful infrainguinal 
bypass is the surgeon's attitude. Mental commitment to spend the necessary 
time and expend the necessary effort is mandatory if autogenous vein 
bypass is to be achieved in a maximum of patients. The putative advan
tages of decreased operating time, decreased blood loss, and less tissue 
trauma quickly fade to insignificance when compared to the grim outlook 
for continued patency of a prosthetic bypass, including to the above-knee 
popliteal artery. 

It is our hope that the technical steps described and illustrated in this 
report will allow the reader to achieve autogenous vein bypass in all pa
tients in whom it is required without regard to availability of ipsilateral 
greater saphenous vein. Using the techniques described herein we have 
been able consistently to achieve an all-autogenous reconstruction in 
93.5% of patients and have achieved a five-year life table primary graft 
patency of 68-89%, depending upon the site of distal anastomosis. 
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Air Embolism Associated with 
Changing an Introducer over a Wire 

THOMAS BARNETI, JAMES REILLY, and KEUK YUM 

Abstract 

Two cases of air embolism associated with changing a right internal jugular 
introducer to a triple lumen catheter over a wire are presented. Both cases 
involved thin patients who were in the supine position for the procedure. 
The introducer catheter's large diameter leaves a large opening in the skin 
upon its withdrawal. In a thin patient, there may not be enough tissue to 
collapse atound the catheter to prevent air from entering the venous sys
tem. We recommend avoidance of guidewire changes with introducers in 
the neck veins unless the Trendelenberg is used. 

Air Embolism Associated with Changing an 
Introducer over a Wire 

Venous air emboli are known to cause sudden deterioration and possibly 
death when massive.! Recently there has been a trend at our institution to 
change lines over a wire rather than perform a second percutaneous punc
ture. This is done as long as the site looks good and it is the first line 
change. 

Case Reports 

Case 1 

A thin, elderly white male was two days status post an exploratory lapar
otomy. He was doing well clinically and, therefore, his arterial line and 
pulmonary artery catheters were removed. An introducer is a wide diam
eter catheter through which a pulmonary artery catheter is threaded. The 
8 Fr. introducer was then to be changed over a wire to a triple lumen 
catheter. The introducer was in the right internal jugular vein. With the 

393 



394 Thomas Barnett, James Reilly, and Keuk Yum 

patient supine, a wire was inserted into the introducer and removed over 
the wire. The resident performing the procedure heard a hissing sound and 
then witnessed an air bubble through a small amount of blood over the site. 
Within seconds, the patient stopped breathing, became asystolic and 
promptly died despite all resuscitative efforts. The family refused autopsy 
permission. 

ease 2 
A thin, 70-year-old white male was doing well five days status post explora
tory laparotomy. He suddenly decompensated while having his right inter
nal jugular introducer changed over a wire. Resuscitative efforts, including 
immediate intubation and inotropic support, were successful. Air embol
ism was suspected but never proved. 

Discussion 

It has become acceptable at our institution to change lines over a wire 
given no signs of infection in a clinically stable patient. It is time saving and 
the risks of an additional percutaneous puncture are avoided. 

Based on the experience presented above, we believe it may be wise not 
to change an internal jugular introducer over a wire. The proximity of the 
internal jugular to the skin, especially in thin patients, along with the large 
diameter of the introducer, makes for a dangerous situation. The potential 
for an opening from outside the body to the internal jugular vein makes air 
embolism a distinct risk. During inspiration, the negative intrathoracic 
pressure that occurs is transmitted to the large veins leading to the heart.2 
Air embolism is more likely to occur in a hypovolemic patient who takes a 
deep breath. The likelihood of an air embolism occurring in a ventilated 
patient is greatly reduced because of the positive intrathoracic pressure. It 
is probable that we have avoided air emboli in other patients when we have 
changed the introducer over a wire only because they were being venti
lated. 

When changing a triple or single lumen, smaller diameter catheter over a 
wire, we believe air embolism has been avoided because the skin and sub
cutaneous tissue are able to close down around the wire upon withdrawal 
of the catheter. 

In both cases presented above, the patients were thin. Perhaps if they 
had been heavy, they would have had enough subcutaneous tissue to close 
down around the wire preventing passage of air. 

Perhaps both cases of air emboli presented above would have been 
avoided if the Trendelenberg position had been used for the procedure as 
recommended by other authors.2,3 A review of the literature produced no 
other reports of air embolism associated with change of an introducer over 
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a wire. Despite the significant morbidity and 50% mortality associated with 
air embolism, there is a paucity of information in the literature.4 The di
agnosis of air embolism is usually clinicaI.5 We suspect that some cases of 
air embolism are erroneously attributed to other causes. The other possible 
explanation for the lack of information may be explained by the fact that 
none of us are too quick to admit, no less publish, our complications. 

We recommend avoidance of guidewire changes for introducer catheters 
in the internal jugular veins, especially in thin patients. If one must persist 
with an internal jugular introducer wire change, we recommend deep 
Trendelenberg and constant pressure at the site. 

Summary 

Changing lines over a wire has become more and more acceptable over the 
years. Two cases of dreaded air emboli occurred at our institution with 
changing of an introducer over a wire to a triple lumen catheter. The large 
hole left by the introducer upon withdrawal provides a possible entrance 
for air to the venous system. We recommend avoidance of quick wire 
changes for introducers in the neck. The Trendelenburg position should 
always be used when changing a line over a wire. 
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Comparative Study of the Healing of 
Precoated Vascular Dacron 
Prostheses 
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w. SCHMIEDT, andH. OELERT 

Abstract 

Knitted and woven Dacron grafts commercially coated with bovine col
lagen, gelatin and human albumin were implanted end-to-side between the 
infrarenal aorta and the bifurcation in 41 growing pigs. Grafts were 
explanted after 4, 8 and 12 weeks and evaluated for neointimal healing, 
peeling of the inner and outer capsule, thrombus formation, extent of 
neoendothelialization, absorption of the sealant, interstitial cellular in
filtration and perigraft inflammation. 

Six uncoated knitted grafts preclotted with blood served as a control and 
rapidly developed a firmly attached neointima lined with complete en
dothelium. Compared with coated grafts, the thrombus-free surface of un
coated grafts was significantly greater (p < 0.05). The impeded resorption 
of human albumin resulted in a delayed and incomplete neointimal healing 
and peeling of the outer capsule. Although the bovine collagen was only 
minimally crosslinked by formaldehyde, healing of the neointima was com
promised in a thin woven graft that demonstrated peeling of the inner cap
sule even after 12 weeks. The identical collagen as well as bovine gelatin 
were quickly degraded in knitted grafts, and both prostheses showed trans
prosthetic infiltration at 4 weeks. However, all knitted grafts, sealed with 
either collagen or gelatin, were occluded after 8 and 12 weeks, respec
tively. Light microscopy revealed hyperplasia of smooth-muscle cells 
within the thickened distal anastomotic region. 

These results provide evidence that a timely return of porosity is manda
tory for development and maintenance of an intact neointima. Both the 
fabric structure as well as the method of preparing the coating are crucial 
variables to determine the rate of biodegradation. Knitted grafts coated 
with collagen or gelatin demonstrate superior incorporation, although late 
occlusions occurred in both types. 

This chapter previously appeared as "Evaluation of the healing of precoated vascu
lar dacron prostheses" in Langenbecks Archiv fur Chirurgie, volume 376, number 
6: pages 323-329,1991. Used with permission. 
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Introduction 

Clinical studies have widely documented the superior healing properties 
and good function of porous knitted Dacron grafts. 1,2 Their major techni
cal intraoperative disadvantage, however, is the necessity for a frequently 
time-consuming preclotting maneuver with autologous blood to render the 
porous graft impervious at the time of implantation.3 Emergency surgical 
revascularization often requires rapid restoration of blood flow; in case of 
full heparinization and cardiopulmonary bypass for proximal aortic recon
struction or intervention of extracardiac conduits, standard preclotting 
techniques may be totally impossible. 

In these situations tightly woven Dacron protheses with a markedly 
lower porosity have been considered as an alternative.4 ,5 Various com
plications of the internal capsule, however, like accelerated pseudo
intimal thickening or dissection of the pseudointima, have been demon
strated in these grafts. 6,7 

The concept of impregnating a knitted porous graft with a mammalian 
sealant to achieve a zero-implantation porosity was introduced in the early 
sixties.8- 1O Following degradation of the sealing agent, the knitted prosthe
sis should regain the initial porosity, thus allowing transinterstitial tissue 
ingrowth. 1O Technical problems, mainly associated with the application 
and preservation of the agent, however, resulted in an inhomogenous dis
tribution of the sealant or cracking of the sealed surface and inhibited the 
widespread use of these prostheses. ll Recently, the standardized fabrica
tion of coated Dacron grafts has been accomplished and several types are 
now available. 12- 15 

The present study was designed to investigate rate of development of the 
inner and outer capsule in four Dacron grafts commercially treated with 
different sealants compared with the healing parameters of a standard 
knitted Dacron prosthesis. 

Material and Methods 

Animals and Graft Selection 

Forty-one female pigs weighing 16 to 20 kg were included in the study and 
cared for in accordance with the instructions of "Principles of Laboratory 
Animal Care" (formulated by the National Society for Medical Research) 
and "The Guide for the Care and Use of Laboratory Animals" (NIH Pub
lication No. 80-23, revised 1985). 

Animals were randomly assigned to one of the five groups: 1) knitted 
grafts coated with glutaraldehydetreated human albumin-USCI De
Bakey® Vasculour® II, c.R. Bard Inc., Massachusetts (Group I, n = 9); 2) 
knitted grafts without sealing-control group, Meadox Microvel®, 
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Meadox Medicals, Inc., Newark, NJ (Group II, n = 6); 3) woven grafts 
coated with bovine collagen crosslinked by formaldehyde-Meadox 
Hemashield®, (Group III, n= 10); 4) knitted grafts coated with collagen 
crosslinked by formaldehyde-Meadox Hemashield® (Group IV, n = 8); 
5) knitted grafts coated with gelatin crosslinked by formaledehyde, 
Gelsoft®, Vascuteck Ltd., Inchinnan, Scotland, U.K. (Group V, n = 8). 
All grafts were 8 mm in diameter and implanted as tubes. Apart from the 
albuminated graft, packaged in a sterile 0.9 % saline solution, all prosth
eses are supplied in a dry and sterile state. For each animal the time of stay 
in the study was determined prior to operation. 

Operative Procedures 
After sedation with 8 mg/kg azaperone (Stresnil®, Janssen Ltd, Neuss, 
Germany), animals were anesthetized with 10 mg/kg Metomidat 
(Hypnodil®, Janssen, Germany) intravenously. Prior to operation all 
animals received 2.0 g of cefuroxim (Zinacef®, Glaxo) intravenously. 

The infrarenal aorta and the bifurcation were exposed by a left retroperi
toneal approach. Coated grafts were beveled, and the animals were sys
temically heparinized (100 units/kg) prior to clamping. The proximal and 
distal end-to-side anastomoses were performed with a 5-0 monofil poly
propylene suture. Interrupted sutures were used at the toe and heel of 
the anastomosis to prevent anastomotic narrowing. Uncoated prostheses 
were preclotted with autologous blood prior to application of heparin. 
After completion of the proximal anastomosis, several clamping and de
clamping maneuvers were performed to render the graft impervious. The 
intervening aorta was ligated after completion of the distal anastomosis. 
The mean length of all grafts was 4.6 cm (±0.6 cm). 

Evaluation of surgical handling qualities at time of implantation included 
fraying of cut edges, suturability, conformability and suture retention. 
Postoperatively, the animals were returned to their cages and fed ad libi
dum. No anticoagulants or aspirin were administered. 

Graft Harvesting 
At prescheduled periods (4, 8 and 12 weeks) animals were anesthetized 
and received heparin (200 U/kg IV). The suprarenal aorta and one iliac 
limb were clamped. Animals were now sacrificed by an intravenous lethal 
dose of Metomidat. The left iliac limb was transsected, and the aorta was 
flushed clear with chilled phosphate-buffered solution (PBS) to remove any 
blood from the graft. The entire graft, with the adjacent infrarenal aorta 
and iliac limbs, was quickly removed and freed from adherent retroperi
toneal tissue. Specimens were opened longitudinally, immersed in PBS, 
pinned out on Teflon sheets and photographed. Sagittal sections of both 
anastomoses with at least 5 mm of the adjacent aortic wall and cross-
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sectional as well as longitudinal sections of midportion of the graft were 
carefully excised and evaluated separately. Specimens for light microscopy 
(LM) were fixed in a 4% buffered formaldehyde solution, embedded in 
paraffin, and stained with hematoxylin and eosin, Masson's trichrome and 
van Gieson's. Prostheses with collagenous coating were stained with Sirius 
red F3BA in saturated picric acid and studied with a polarization micro
scope to distinguish between the subject's own collagen and residual 
bovine collagen.16 Various neointimal cell types were identified by im
munohistochemical staining. Commercially available antibodies to factor
VIII related antigen (F-VIII: r-Ag) reacted with vascular endothelial cells 
of the outer capsule and with luminal flattened cells. Smooth-muscle cells 
were characterized by staining with mouse monoclonal antibodies against 
smooth muscle-specific alpha-actin. The detection system was biotin-avidin 
with horseradish peroxidase as a marker.11·18 

For scanning electron microscopy (SEM), specimens were fixed with 
2.5% glutaraldehyde in 0.1 molar phosphate buffer, pH 7.2, followed by 
fixation in 2% osmium tetroxide at 37°C for 2 hours. After careful rinsing 
with phosphate buffer, the fixed specimens were dehydrated in a graded 
series of acetone to the critical-point of carbon dioxide, mounted on studs, 
spatter-coated with gold palladium and examined with a Philips SEM 500 
scanning electron microscope. 

The specimens for transmission electron microscopy (TEM) were post
fixed with cold 1 % osmium tetroxide, dehydrated in a graded series of 
ethanol, immersed in propylene oxide and embedded in epoxy resin. 
Ultrathin sections were cut and stained with methylene blue and examined 
by light microscopy. Representative sections were stained with uranyl ace
tate and lead citrate and examined with a Philips 410 electron microscope. 
In addition, specimens of all grafts were examined by LM and SEM prior 
to implantation. For SEM evaluation, the albuminated grafts and uncoated 
grafts preclotted with blood were carefully pinned out on Teflon sheets, 
treated with 2.5% glutaraldehyde and postfixed with osmium tetroxide. 
Further processing was identical to that described for ex vivo grafts. Grafts 
supplied in a dry state were immediately mounted on studs, spatter-coated 
with gold and examined. 

End pieces and midportions of grafts underwent chemical analysis after 
mincing and shaking for 7 days in 0.9% saline. Residual aldehydes were 
evaluated by adding 2 ml of supernatant to 8 ml of a solution consisting of 
50 ml chromotropic acid (1 %) and 200 ml sulphuric acid (12.5 moVL). The 
combination was placed in a dry cabinet at 120°C for 30 minutes, allowed 
to cool down, and extinction was measured at 570 nm with a photometer. 

Plasticizer emission was analyzed by twice extracting 40 ml of super
natant with 2 ml of 1,2,2,Trifluorotrichloroethane. Following exsiccation, 
extracts underwent infrared spectrometry using a Perkin Elmer PE 1420 
spectrometer, followed by evaporation and gravimetrical analysis. 
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Data Analysis 
MACROSCOPIC EVALUATION 

Macroscopic recording included patency, thrombus formation and attach
ment of the inner and outer capsule. The percentage of thrombus-free sur
face area was determined from magnified photographs of longitudinally 
opened specimens using a digital planimeter. 

Extent of neointima was scored as follows: 

no neointimal glistening 0 
glistening confined to suture line 1 
island of glistening within the midportion 2 
complete neointima 3 

Degree of attachment of the neointima or the external capsule to the 
prosthetic wall was determined during preparation of the graft and evalu
ated as follows: 

firm attachment 0 
easy blunt dissection by forceps 1 
spontaneous dissection 2 
periprosthetic bleeding or formation of seroma 3 

HISTOLOGIC EVALUATION 

Thickness of the neointima was determined with an. ocular micrometer by 
calculating the mean of at least four measurements between the luminal 
surface and peaks and valleys of the crimps. 

Rate of resorption of the sealant was scored as follows: 

no residual sealant 0 
sealant <50% 1 
sealant >50% 2 
unchanged sealant 3 

Degree of prosthetic infiltration was evaluated in longitudinal sections: 

no infiltration 0 
infiltration <50% 1 
infiltration >50% 2 
transprosthetic infiltration 3 

Perigraft inflammation within the external capsule was assessed accord
ing to the ratio between mononuclear cells and connective tissue: 

fibrosis 0 
infiltration perivascular 1 
infiltration focally and dense 2 
tapelike and confluent 3 
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STATISTICAL ANALYSIS 

Continuous values were compared with the U-test. A statistical signif
icance was accepted when the p value exceeded 0.05. 

Results 

In Vitro Studies 

LIGHT MICROSCOPY OF THE PROSTHETIC WALL 

In contrast to all knitted prostheses that demonstrated an interfibrillar 
penetration of the coating within the Dacron bundles, bovine collagen of 
the woven grafts was mainly distributed on the inner and outer surface. 

SEM OF THE PROSTHETIC SURFACE 

All prostheses, coated either by collagen or gelatin, showed a smooth and 
homogenous surface of the inner velour. The albumin-coated grafts re
vealed a fragile inner surface that appeared to be only loosely attached to 
the prosthesis. 

Following a threefold preclotting maneuver with autogenous blood and 
intervening rinsing by heparinized saline, the uncoated knitted prostheses 
demonstrated an incomplete coverage of the surface by a thin fibrin mesh 
with various entrapped blood cells. 

ALDEHYDES AND PLASTICIZERS 

Apart from the gelatin-coated prostheses that showed more than 25 gig 
prosthesis, only traces of aldehydes below 5 J.Lg/g prosthesis were detected 
among coated and uncoated grafts. 

Infrared spectrometry identified no classes of emitted plasticizers. 
Gravimetrical analysis revealed the least quantity of emitted plasticizers 
for the albuminated graft, while concentrations of 0.4 mg (±0.18 mg) per g 
prostheses were found for uncoated grafts and prostheses coated by 
gelatin. 

HANDLING CHARACTERISTICS 

Ease of handling and suturability was worst for the albuminated graft. 
Fraying of the cut edges and inferior suture retention were the major 
disadvantages of the woven graft and required tailoring with an electro
cautor. Surgical handling of grafts impregnated 'by collagen or gelatin was 
identical to the handing of the uncoated prosthesis after immersion in 
saline. 
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In Vivo Studies 
Major perioperative complications included acute bilateral lower limb 
ischemia in one animal (group III) and intractable marasmus in a second 
one (group I). The perioperative course of the remaining animals was un
eventful. 

Transprosthetic Bleeding 
No transprosthetic blood loss occurred in coated prostheses. The uncoated 
knitted graft required 4 preclotting maneuvers in 3 and 4 in 2 animals. 

Neointimal Healing 
Gross differences of neointimal development existed among coated and 
uncoated prostheses (Table 34.1). 

The preclotted knitted standard prosthesis (group II) demonstrated a 
rapid and complete neointimal healing within 4 weeks. LM revealed a 
layered neointima that was lined by endothelium. Circumferentially orien
tated cells beneath the endothelium were identified as smooth-muscle cells 
by alpha-actin staining. Apart from flimsy fibrinous filaments, SEM 
showed a nearly complete coverage of the grafts midportion with endo
thelial-like cells. No significant neointimal changes occurred after 8 or 12 
weeks, and the mean thrombus-free area was 98% (±1.9%). 

The albumin-coated knitted grafts (group I) displayed islands of firmly 
attached glistening neointima within the midportion after 4 weeks. Light 
microscopy revealed a thin and inhomogenous neointima. Clusters of en
dothelium, separated by large areas covered with fibrillar structures, were 
observed by SEM. After 8 and 12 weeks, grafts were completely covered 
by an easily detachable neointima with thrombus formation (Table 34.2). 

The thin neointima of woven collagenated grafts (group III) confined to 
the suture lines after 4 weeks. Apart from the anastomotic region, no en
dotheliallining could be identified by immunohistochemical staining. After 
8 and 12 weeks, areas of intact neointima with positive immunohisto
chemical evidence of endothelium close to severe ulcerative alterations 
were present). Prosthetic crimp valleys were filled with an acellular and 
homogenously stained mass. Peeling of the inner capsule was easily pro
voked by tailoring the specimens for histologic evaluation. SEM demon
strated alternately a large island of intact endothelium and only endothelial 
clusters separated by areas consisting of collagen. Distribution of luminal 
clots was similar for albumin-coated or woven collagen-coated grafts, and 
no significant differences of the mean thrombus-free area were found, 
(83.7% (±16.4%) vs. 81.6% (±12.6%). 

All knitted grafts coated with collagen (group IV) were occluded after 8 
weeks following an initially uncompromised neointimal development. 
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Cross-sections showed an organized thrombotic occlusion originating from 
the distal anastomosis that had a mean thickness of 1878 JLm (±133 JLm) 
compared with 1500 JLm (±86 JLm) for uncoated prostheses (p < 0.01). LM 
of the subendothelial neointima of the distal anastomosis revealed numer
ous spindle-shaped cells that gave a positive staining for alpha-actin anti
bodies. TEM identified these cells as myofibroblasts. SEM of the distal 
anastomosis showed severely altered endothelium with numerous defects. 
Among grafts coated with gelatin (group V), a glistening neointima was 
scattered within the midportion of the graft, and endothelial lining was 
confined to the suture line after 4 weeks. Apart from minor thrombus 
formation, an intact neointima was found after 8 weeks. LM showed a 
regularily layered neointima in most parts, and SEM confirmed an almost 
homogenous endothelial coverage of the grafts. After 12 weeks, the mac
roscopic and histologic features of the occluded graft were identical to 
those of the collagen-coated knitted graft. 

Infiltration of the Prosthetic Matrix 
Transprosthetic infiltration of uncoated grafts (group II) by macrophages, 
multinucleated giant cells and connective tissue was completed after 4 
weeks. 

Apart from the anastomotic region, cellular infiltration of the albumin
coated (group I) or the collagen-coated (group III) woven prosthesis re
mained incomplete at 4 weeks (Table 34.2). 

At three months, spots of albumin, scattered within the grafts midpor
tion, were still present. Only now, foreign body cells were detected in the 
fabric. Independent from time of explantation, the outer capsule of the 
albuminated graft was easily detached from the graft and LM revealed a 
chronic inflammatory response. 

The collagen-coated woven graft showed a partial degradation of the 
sealant on the luminal surface between 4 and 8 weeks. The tapelike col
lagen coating remained visible on the luminal surface of the graft up to 12 
weeks. Again, only a minimal tissue ingrowth of the prosthetic wall was 
detectable. 

In knitted grafts coated with collagen or gelatin, no sealant was found 
after 4 weeks and transprosthetic infiltration was already completed. Both 
grafts showed an abundant invasion of macrophages and giant foreign
body cells. The outer capsule consisted of fibrous tissue and was firmly 
adherent to the graft. 

Discussion 

The critical importance of porosity to determine long-term performance of 
vascular synthetic grafts has been repeatedly emphasized. Consequently, 
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timely degradation of the sealant is the most relevant factor to guarantee 
tissue ingrowth and function of the graft. Wesolowski (10) proposed an 
ideal resorption of a sealant at the rate of fibrin. On the other hand, a 
premature degradation may provoke trans interstitial bleeding. 

Zero porosity at the time of implantation is evidently warranted by all 
coated grafts. Scanning electron studies demonstrated a plain and 
homogenous surface for grafts coated with collagen or gelatin. Only grafts 
coated with albumin showed a cracked and fragile surface of the luminal 
albumin layer, although this graft proved to be impervious to blood as well. 
The globular structure of albumin molecules is blamed for the inferior 
attachment of this sealant to the graft. 19 

The deterioration of surgical handling compared to a standard knitted 
prosthesis was most distinct for the stiff albuminated graft. In fact, the 
quantity of emitted plasticizers was least for these grafts. On the other 
hand, evaluation of plasticizers is difficult. One of the potential hazards of 
a plasticizer is migration into the surrounding tissue. Induction of cancer 
among rats and mice, as well as hemolysis, have been reported for Di-(2)
ethylhexylphthalate, widely used to soften PVC.20,21 

Great differences exist between the rate of resorption for various seal
ants. The mechanism of degradation is partially known for collagen
coated prostheses. Based on ample experience gained with various 
orthopedic sponges and implants, breakdown of insoluble collagen is per
formed by collagenase carried by the lysosomes of macrophages.22 Both 
insoluble collagen fibers as well as soluble collagen subunits may promote 
invasion of cells.23,24 As for collagen the process of degradation is depen
dent on the extent of crosslinking.25 Jonas et aJ.26 emphasized the role of 
crosslinking in a clinical trial where pediatric ventriculopulmonary con
duits, sealed with strongly crosslinked collagen, behaved like impervious 
prostheses and demonstrated a thickened and only loosely attached inner 
capsule. In our study, both the knitted and the woven Dacron graft were 
coated by minimally crosslinked collagen. In fact, all collagen was 
absorbed in knitted grafts within 4 weeks and a trans prosthetic bridging 
was complete. In woven grafts treated with the identical bovine collagen, 
the relevance of the prosthetic structure to determine both tissue ingrowth 
as well as for consecutive resorption of the sealant was clearly outlined. 
Tapeline traces of the sealant remained visible up to 3 months on the 
luminal side of the prostheses. Apart from the anastomotic region, no 
transprosthetic bridging between the inner and outer capsule was detected. 
Similar observations are reported by Scott at al.,27 who found residual 
bovine collagen up to 90 days. 

Compared to the woven collagenated grafts, healing of the inner capsule 
was accelerated for the albuminated graft; compared, however, to the un
coated standard prosthesis, healing of the inner capsule and tissue incor
poration was markedly delayed, although the albumin-treated graft should 
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offer excellent healing conditions because of its knitted structure and a 
water porosity of 1.200 mVminJ120 cm H20. These results are counter to 
data obtained by other authors. 28 In contrast to Guidoin et al. (12), who 
reported a rapid resorption of albumin in dogs within 4 weeks, the fast
healing pig in our model showed spots of albumin even after 12 weeks of 
implantation. The indispensable foreign-body cells that evidently represent 
the host's response to exposed Dacron fibers were only focally detectable 
after 3 months. 

Degradation of albumin is mainly achieved by hydrolysis. 29 The prob
able reason for delayed resorption of albumin is the process of crosslinking 
the sealant with glutaraldehyde.30 The porous structure of this fabric 
should have been an excellent prerequiste for a fast resorption of sealant. 

A unique morphologic feature of albuminated grafts was the lack of 
perigraft adherence, leaving the graft nearly totally free within a connec
tive sheet. A moderate to severe chronic inflammatory response was pres
ent within the periprosthetic tissue in all albuminated grafts, representing 
the failure of graft incorporation. 

The high incidence of graft occlusion in knitted grafts pretreated with 
collagen or gelatin is unclear. Considering the fact that pigs are fast-healing 
subjects, anastomotic neointimal hyperplasia may playa certain role within 
the period of 12 weeks. 31 In fact, the occlusion level of the distal anas
tomosis had reached the level of the native aorta, and collaterals be
tween the supra- and infrarenal aorta gave evidence of a slowly pro
gressive flow obstruction. Light microscopy revealed numerous cells 
with a positive staining for alpha-actin antibodies, and transmission elec
tron microscopy identified these cells as myofibroblasts. 32 Apart from the 
configuration of the distal anastomosis that may contribute to the devel
opment of anastomotic neointimal hyperplasia, the question arises why 
knitted prostheses coated by bovine collagen or gelatin are exclusively 
afflicted. 33,34 

In conclusion, no ideal off-the-shelf coated prosthesis is commercially 
available. Corresponding to the slow resorption of the sealant, neointimal 
development and incorporation were delayed in knitted grafts coated with 
albumin or in woven grafts sealed with weakly crosslinked collagen. While 
the treatment with glutaraldehyde is obviously responsible for the delayed 
degradation of the albumin, the tight woven structure compromises resorp
tion of collagen and contributes to the inferior healing pattern of this 
prosthesis. Early healing of knitted grafts coated either with collagen or 
gelatin is satisfactory, although the excellent healing data evaluated for 
knitted porous Dacron prostheses have not been achieved. These grafts, 
implanted as tubes however, may offer an alternative to untreated pros
theses. The high incidence of late graft occlusion in our experiments re
quires further investigation prior to general application as a bifurcation 
graft. 
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35 
The Case for Mesocaval Shunts in 
the Treatment of Portal 
Hypertension 

MARVIN L. GUEDMAN and RONALD N. KALEYA 

Reflecting on the use of portosystemic shunts in the treatment of variceal 
bleeding associated with portal hypertension, it has become obvious that 
reduction of portal venous pressure addresses only one facet of the overall 
problem in patients with severely diseased livers. With limited hepatic 
reserve, selection of a particular portal decompression procedure for an 
individual patient may have a significant effect on that patient's survival 
freedom from variceal hemorrhage, quality of life as determined by the 
absence of hepatic encephalopathy, and candidacy for subsequent liver 
transplantation. 

While the pros and cons of the many shunt procedures continue to be 
argued in the medical and surgical literature; it is clear that none of the 
portal decompression procedures is a panacea for the treatment of portal 
hypertension. Looking back on the results for the interposition mesocaval 
shunt (IMCS) reveals it to be a valuable and important adjunct in the sur
gical armamentarium for decompression of the portal system, especially in 
view of progress in hepatic transplantation. 

The major cause of death in the severely cirrhotic patient is bleeding 
from esophageal varices. Therefore, the efficacy of a particular shunt pro
cedure must be measured primarily by its ability to ameliorate variceal 
hemorrhage with minimal operative morbidity and mortality. Additional
ly, both technical ease and the incidence and degree of postoperative en
cephalopathy consequent to diversion of portal blood from the liver are 
critical but secondary considerations. The overall long-term survival fol
lowing portal decompression is another absolute endpoint. However, 
length and survival may not be as much a treatment-related factor as it is a 
marker of the progressive and severe nature of the underlying primary 
hepatic disease. A review of the results for the IMCS pertaining to these 
endpoints underscores its historical acceptance and clarifies its continued 
clinical applications. 

410 
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Historical Perspectives 

Surgical decompression of the portal venous system was introduced with 
the portacaval shunt in 1877 by Nikolai Eck. 1 Reynolds and Smithwick 
were the first to interpose a vein graft between the portal vein and vena 
cava in 1951. However, it was Theron who introduced the term "H graft" 
after using femoral vein autografts for portal decompression. Because por
tal vein thrombosis and small-caliber splenic veins prevented the use of 
these structures for portal decompression in children requiring shunt 
surgery, Marion2 and Clatworthy et al. 3 in 1955 developed the direct meso
caval shunt. This J-type mesocaval shunt required anastomosis of the prox
imal end of the vena cava, divided just above the confluence of the iliac 
veins to the side of the superior mesenteric vein. This procedure never 
gained general acceptance owing to concerns regarding the sequelae of 
chronic lower-extremity venous stasis. 

Subsequently, DeResenda-Alves in 1963 and Gliedman4 in 1967 em
ployed Teflon and Dacron conduits, respectively, for construction of the 
IMCS. The IMCS is functionally comparable with the side-to-side porta
caval shunt and very effectively reduces portal venous hypertension. 

In the early 1970s, several authors reported successful use of autologous 
vein, homologous vein, and heterologous vein as a conduit for the IMCS. 
Although Lord described the use of 18-mm woven Teflon prosthesis, 
Drapanas5 popularized the interposition shunt after demonstrating its 
efficacy, safety, and technical simplicity. 

Postoperative Mortality 

The IMCS has been performed extensively since its introduction in 1967. 
As opposed to selective portal decompression procedures, recommended 
primarily in the elective setting and only in patients with reasonable he
patic reserve (Child's class A and B), the mesocaval shunt may be utilized 
as both an emergency and elective shunt as well as in patients with signifi
cant hepatic dysfunction. (Child's class C). Despite the unfavorable setting 
in which it has been used, mortality remains acceptable. When employed 
electively, the IMCS has a mortality of 4% to 9%, which is comparable 
with any of the other shunt procedures currently performed (Table 35.1). 
In several recent prospective studies comparing various shunting pro
cedures,6 the distal splenorenal shunt (DSRS) has an average mortality 
of 13%. 

The mortality is, as expected, significantly higher in patients treated 
emergently with an IMCS, ranging from 25% to 100%. Those patients with 
Child's class A or B liver disease show a consistently better operative sur
vival, especially when the shunt is performed electively. Child's class C 
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TABLE 35.1. Postoperative mortality of IMeS. 

Elective Emergency Combined 
Source, yr. No. mortality, % mortality, % mortality, % 

Paquet el aI. (16) 1987 86 8 
Terpstra et aI. (17) 1987 64 27 
Sarr et al. (18) 1986 33 22 
Rocko et aI. (11) 1986 55 4 13 5 
Mulcare et aI. (12) 1984 49 4 44 22 
Vogt et aI. (19) 1983 25 6 100 
Jarvinen et aI. (20) 1981 45 8 48 
Fletcher et aI. (21) 1980 28 9 33 
Smith et aI. (22) 1980 79 8 29 
Reichle et aI. (23) 1979 28 7 29 

patients fare poorly in all studies, irrespective of the type of shunt or the 
setting in which the shunt is performed. 

Though the IMCS has been used in the emergent situation, it is not 
recommended until the patient is stabilized. Our poor experience with por
tal decompression for emergency control of massively bleeding varices in 
the cirrhotic patient has compelled us to undertake extensive efforts to stop 
the bleeding nonoperatively, which then allows for an elective or urgent 
shunt procedure. An emergency transgastric ligation of varices is carried 
out only after peripheral intravenous vasopressin, endoscopic sclero
therapy, Sengstaken-Blakemore balloon tamponade, or transhepatic em
bolization of the coronary and short gastric veins fail to control variceal 
hemorrhage. When performed in the emergency setting, the IMCS, similar 
to other shunts, has a high mortality. However, IMCS done electively or 
urgently has been shown to be safe for the majority of patients. 

Rebleeding and Graft Thrombosis 

Although not all upper-gastrointestinal bleeding following portal decom
pression is a result of shunt dysfunction, the great majority of recurrent 
variceal hemorrhages reflect shunt thrombosis or stenosis. Rebleeding or 
shunt thrombosis must be considered a technical failure irrespective of 
postulated associated causes, e.g., progressive liver disease or, as in the 
case of the splenorenal shunt, renal vein hypertension. 

In a large collected series reported by Mehigan et al.,7 the side-to-side 
portacaval shunt had a 2% thrombosis rate but was associated with an 
unacceptably high incidence of postoperative encephalopathy. In this col
lected review, rate of thrombosis of the IMCS was 10% where 36% of the 
operations were done in Child's class C patients, and 23% were performed 
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in bleeding patients as emergency procedures. Despite the fact that 90% of 
the DSRSs reviewed were performed in low-risk patients and electively in 
94% of cases, the occlusion rate was 10%. There was no difference in 
patency between the unselected group undergoing IMCS as compared with 
the highly selected group undergoing DSRS. 

The early patency of mesocaval shunts has exceeded 90% in most series, 
with early failures attributed to long- or small-caliber grafts as well as 
operative errors. The thrombosis rate for the IMCS, however, clearly in
creases with time. Long-term follow-up of patients undergoing interposi
tion grafts has shown that the average rate of thrombosis in several series 
has been between 5% and 25%, and approximately 5% to 15% of the 
patients rebled owing to graft occlusion with the IMCS. In five prospective 
studies8 comparing DSRS with other shunt procedures, there was an over
all 9.4% rate of rebleeding during the follow-up period, averaging approx
imately 2.5 years. 

Not all graft closures necessarily result in rebleeding, nor are all closures 
the result of pathologic processes. In patients with patent shunts at the time 
of hospital discharge, we believe that some shunt closures are related to 
reduction in graft flow due to decreased portal pressure resulting from im
proved liver function associated with cessation of alcohol consumption or 
resolution of acute alcoholic hepatitis. 

The rate of graft failure in the IMCS has been correlated with length and 
diameter of the graft. The shorter and wider grafts tend to remain patent 
longer; however, these grafts are associated with a higher incidence of en
cephalopathy. Recognition of this trade-off has made it necessary to tailor 
graft dimensions to the individual patient, taking into account degree of 
portal hypertension, size of the liver, and size of the superior mesenteric 
vein. 

Diagnosis of graft thrombosis has been simplified enormously with the 
introduction of magnetic resonance imaging (MRI). MRI provides a 
noninvasive method to detect thrombosed or failing shunts. Owing to the 
configuration of the mesocaval graft, the thrombosed shunts often can be 
reopened using percutaneous methods, either by infusion of urokinase or 
balloon angioplasty. With this regimen of postoperative evaluation of graft 
patency and the use of percutaneous methods to salvage the thrombosed or 
failing shunt, late patency has been increased to approximately 95%. 

Encephalopathy 

Postoperative and late hepatic encephalopathy is a serious sequel to any 
portal decompression procedure. Though in recent years the tide of medi
cal and surgical wisdom has swelled in favor of selective shunting proce
dures, data supporting this current are not overwhelming, particularly in 
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the alcoholic cirrhotic. There have been at least six prospective and ran
domized studies performed to evaluate this; three showed a statistically 
significant decrease in encephalopathy associated with the DSRS, and 
three others have not been able to demonstrate such a difference.s 

The IMCS has been associated with hepatic encephalopathy in up to 
77% of patients,9 but on average, hepatic encephalopathy afflicts only 
23% 7 of patients. Early in our experience with the interposition shunt, two 
patients developed severe encephalopathy, which prompted reoperation to 
tailor the conduit to increase portal pressure and thus divert less blood 
from the liver. The encephalopathy abated in both these patients. Since 
that time we have used narrower (14 mm) and longer grafts in older patients 
and rarely use a graft larger than 16 mm in diameter so as to minimize 
postoperative encephalopathy. 

Additionally in recent studies, at least 50% of the postoperative en
cephalopathy clears with dietary intervention alone. Our postoperative 
dietary regimen has been to allow only fish and fowl protein sources, ex
cluding all beef from the diet. With this diet, overt problems that hinder 
patients' routine activities have been rare. Difficulties with encephalopathy 
have been generally associated with continued alcohol consumption or in
gestion of beef products. 

In patients undergoing DSRS, the selective nature of the shunt deterio
rates over time with the development of portal-to-splenic collaterals that 
result in an increased incidence of late encephalopathy. In fact, 98% of the 
patients studied at Emory developed such collaterals within a year of the 
original surgery .10 These collaterals defeat selectivity of the DSRS, causing 
more hepatofugal blood flow and increased encephalopathy. The collateral 
beds involved are the transgastric vessels, the transpancreatic collaterals, 
and those in the transverse mesocolon. As a result of these findings, mod
ifications of the original distal splenorenal shunt have been proposed to 
address this problem. While the splenic vein disconnection-the present 
modification-appears sound, it also significantly increases the procedure's 
technical demands. 

Although the DSRS offers both theoretical and early clinical advantages 
with respect to hepatic encephalopathy, these effects tend to diminish with 
time, making the DSRS more nearly comparable with other shunt proce
dures in prevention of late hepatic encephalopathy. 

Survival 

The older retrospective series did show a decreased long-term survival for 
patients undergoing IMCS. However, the groups of patients were not com
parable. The mesocaval shunt had been used in the worst situations and in 
those cases where selective shunts were relatively contraindicated. Survival 
of patients with portal hypertension attributed to alcoholic cirrhosis is the 
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same irrespective of shunt procedure performed8 as shown in several 
prospective randomized trials. 

Technical Considerations 

The technical ease of the IMCS is well documented.4,1l,12 The IMCS uti
lizes large-caliber vessels that are easily accessible without significant re
troperitoneal dissection for decompression of the portal system. Also, it 
provides a vent from the portal vein for hepatic decompression to counter
act ascites formation. 

The use of a prosthetic conduit eliminated the need to work in the liver 
hilum to expose sufficient vein for the portal caval shunt or the J-type 
mesocaval shunt. In addition, a large liver or obesity does not make the 
IMCS more difficult as is the case with other selective and nonselective 
shunts. 

The DSRS, with its increasing modifications, has become a formidable 
undertaking. The vessels used for this shunt are extremely friable and re
quire meticulous dissection. Injury or avulsion of one of the many pancre
atic tributaries to the splenic vein can result in significant bleeding that is 
difficult to control. The present commitment to dissect and ligate all the 
minute pancreatic tributaries to the splenic vein makes this procedure in
creasingly tedious and difficult. Additionally, the distance separating the 
renal and splenic veins is variable, and this influences the extent of the 
retroperitoneal dissection. 

The expertise to undertake the technically demanding DSRS safely and 
expeditiously is developed only in centers where large numbers of shunting 
procedures are performed by a relatively limited number of surgeons. The 
learning curve for selective decompression procedures is steep. In at least 
two prospective randomized studies, the mortality was considerably higher 
in the earlier part of the study than in the latter half. The rate of complica
tions resulting from technical errors was also higher. Langer et al,!3 re
ported a 19% mortality for the DSRS group in the early half of their study. 
The mortality fell significantly in the second part of the trial, leading to an 
overall 13% mortality for the entire DSRS group, whereas there were no 
deaths in the portacaval group. Similarly, Rigau et al. 14 reported a 16% 
initial mortality, which fell to 6% in the second part of their study. The 
39% incidence of encephalopathy reported in some series of DSRS was 
attributed, in part, to the steep learning curve associated with the DSRS.8 

Despite theoretical and potential clinical advantages of the splenorenal 
shunt, the learning curve may be too great to accommodate the procedure 
into general and widespread practice. Contrariwise, the technical simpli
city of the IMCS permits its use by the general and vascular surgeon, who is 
only infrequently confronted with the difficult problem of portosystemic 
decompression. 
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Future Implications 

With the increasing availability of hepatic transplantation as well as the 
progressive nature of alcoholic cirrhosis, shunt procedures must be con
sidered as an interim solution to the problem of portal hypertension and 
bleeding esophageal varices. Patients undergoing transplantation following 
an IMCS had the lowest complication rate, the lowest blood loss, and were 
technically the least difficult to dismantle at time of transplantation. The 
shunt can be used for venovenous bypass during donor hepatectomy and 
subsequently ligated at conclusion ofthe procedure. The DSRS, however, 
can exacerbate blood loss because splanchnic portal hypertension persists 
after division of coUaterals during the procedure. The mesocaval shunt is 
considered the best alternative for patients who may become future candi
dates for liver transplantation. 15 

It is important to consider the hemodynamic and parenchymal problems 
of the cirrhotic as separate. Many cirrhotics have more than adequate 
parenchymal reserve for long life if the hemodynamic problem (portal 
venous hypertension due to obstruction) is solved by a decompressive pro
cedure. Not all bleeding cirrhotics have need for new parenchyma and 
hepatocyte function. 

Comment 

Although many now believe that the DSRS should be the procedure of 
choice for portal decompression, there are many contraindications to that 
procedure, and the technical nuances of the DSRS continue to make it an 
increasingly formidable undertaking. The IMCS, on the other hand, has 
had more than two decades of clinical application with consistently good 
control of variceal bleeding, minimal mortality, and low incidence of en
cephalopathy, without the technical difficulties associated with other shunt 
procedures. By looking back at the results for this procedure, it is evident 
that the IMCS continues to be an effective option for the surgical treatment 
of portal hypertension and variceal bleeding. 
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36 
Venous Insufficiency: Acute 
and Chronic 

SESHADRI RAJU and PETER NEGLEN 

Acute Deep Venous Thrombosis 

Optimal treatment for acute deep venous thrombosis is in a state of evolu
tion. Conventional treatment is anticoagulation with heparin followed by 
chronic Coumadin administration. It has been realized for some time that 
this treatment is not ideal, as postthrombotic malsequelae affecting the 
lower limbs are quite common despite adequate anticoagulation. In addi
tion, failure of anticoagulation to provide adequate control of thromboem
bolism occurs in a definite percentage of patients. Killewich and associates' 
recent longitudinal study of deep venous thrombosis, performed with the 
aid of a duplex scanner, revealed significant residual obstruction as well as 
reflux in the affected limbs. 1 Sporadic attempts at surgical thrombectomy 
in the past, prompted by disenchantment with anticoagulation therapy, 
had yielded results that were considered no better than those produced by 
anticoagulation treatment. Eklof and colleagues have more recently re
evaluated surgical thrombectomy, combining it with the creation of a tem
porary arterial-venous fistula to improve patency.2 In a carefully con
trolled trial, this modality was shown to be superior to anticoagulation in 
achieving and maintaining iliac vein patency and functional integrity of the 
femoral/popliteal vein segment. Superiority of the surgical option was 
apparent at 6 months and was maintained long-term at five years.3 The 
superior anatomic and functional parameters, noted with surgical throm
bectomy and temporary AV fistula, translated to a reduced incidence of 
postthrombotic syndrome with symptom presentation and clinical man
ifestations in the affected patients (Figs. 36.1,36.2, and 36.3).4 

The recent advent of interventional radiology and widespread use of 
urokinase therapy, primarily in arterial thrombotic conditions, has 
prompted interest in its application in the venous system. While prompt 
dissolution of clot appears feasible, especially when the agent is admin
istered directly to the thrombotic site via transvenously placed catheter, 
long-term anatomic and functional studies with this technique are awaited. 
A perusal of the literature, however, indicates that even "systemically" 
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AC Only TE + AVF 

6 months 76% 

(n=26) (n=21) 

50% 5 years 7% 
72% 

(n=20) (n= 14) 

D Normal • Stenotic 0 Occluded 

FIGURE 36.1. Comparison of short- and long-term iliac vein patency following 
treatment with anticoagulation (AC) or surgical thrombectomy with adjuvant A V 
fistula (TE + A VF). At six months , 65% of patients treated by anticoagulation had 
demonstrable pelvic collaterals compared to an incidence of only 24% following 
surgical thrombectomy with adjuvant A V fistula . 

AC Only TE + AVF 

6 months 52% 

(n~27) (n=23) 

11% 7% 

36% 

5 years 

14% 
(n~ 19) (n= 14) 

o Normal Reflux • Obstruction o Obstruction Reflux 

FIGURE 36.2. Status of the femoral popliteal segment following anticoagulation 
(AC) or surgical thrombectomy with adjuvant A V fistula (TE + A VF). Status of 
the femoral popliteal segment is superior with surgical thrombectomy, both at six 
months and at five years . 

419 



420 Seshadri Raju and Peter Neglen 

AC Only 

.~,. . 

(n=27) 

. , . , 
6 months 

5 years 

5 

TE + AVF 
4% 

(n=24) 
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FIGURE 36.3. Symptom status of patients following anticoagulation therapy (AC) 
or surgical thrombectomy with adjuvant AV fistula (TE + AVF). Clinical results 
are superior with surgical thrombectomy. 

administered lytic therapy with enzymes may be superior to conventional 
heparin treatment (Table 36.1). Lytic therapy and anticoagulation, in 
terms of clinical outcome as evaluated by different authors, are compared 
in Table 36.2. A prospective randomized study comparing catheter
administered lytic therapy and anticoagulation is clearly needed. 

Chronic Venous Insufficiency 

Chronic venous insufficiency used to be considered synonymous with post
phlebitic syndrome. It is better appreciated now that the term postphlebitic 
syndrome itself encompasses a variety of pathophysiological mechanisms 

TABLE 36.1. Comparison of clot lysis with lytic therapy and with heparin (com
posite results from 14 published studies). 

Lytic therapy Heparin 
Degree of lysis (n = 322) (n = 271) 

None/worse 32% 82% 
Partial 21% 12% 
Significant/complete 47% 6% 
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TABLE 36.2. Published incidence of postphlebitic syndrome following anticoagula
tion (AC) or thrombolytic (SK) treatment (See Reference 4). 

Postphlebitic 
syndrome (%) 

No. of Follow-up 
Author Year patients (years) AC SK 

Common et al. 1976 27 0.7 92 60 
Elliot et al. 1979 51 1.5 90 40 
Arnesen et al. 1982 35 6.5 67 24 
Kakkar et al. 1985 100 5.7 no diff 

consisting of venous reflux, obstruction, or a combination. The relative 
incidence of these different hemodynamic entities following deep venous 
thrombosis is unknown, as no controlled longitudinal functional studies 
have been conducted. It is now clearly recognized, however, that a type of 
venous reflux that is non thrombotic in origin is a definite clinical entity. 
The latter condition, variously termed primary venous reflux or cryp
togenic reflux, was described as early as half a century ago by Bauer. 5 The 
entity has become more well recognized following successful surgical cor
rection of the valve deformity by Kistner. 6 

Chronic Venous Obstruction 

Chronic venous obstruction has been poorly evaluated and managed main
ly due to the lack of reliable diagnostic techniques. Plethysmography is 
cumbersome and seldom used routinely. Nicolaides has recently standard
ized air-plethysmography, which appears to be reliable. Venography is 
notoriously unreliable because it provides no hemodynamic information. 7 

A dependable hemodynamic technique developed in our laboratory uti
lized arm/foot venous pressure differential at rest. 8 In the recumbent posi
tion, approximately 50% of patients with venous obstruction will have a 
significant elevation of foot venous pressure compared to arm pressure. 
The remainder have developed collaterals with a normal pressure differen
tial. The latter group can be further evaluated by inducing a reactive 
hyperemia and noting the pressure changes in the venous system. An 
abnormal venous pressure increase with reactive hyperemia denotes in
adequate collaterals. In advanced venous obstruction, venous pressure 
response may be paradoxically "normal," apparently because the classic 
reactive hyperemia response is either absent or delayed. 9 This observation 
suggests that the same mechanism may be responsible for venous claudica
tion. Bypass procedure for venous obstruction is indicated only if Grade III 
or Grade IV obstruction is documented by the above mentioned hemo
dynamic tests. Bypass procedures performed in the absence of a significant 
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gradient based on radiographic appearance alone are not likely to remain 
patent for long. Bypass size should be adequate for the anatomical loca
tion. Iliac vein obstructions usually require a 16 mm prosthetic bypass uti
lizing stented PTFE grafts. Excellent patency rates can be expected with 
this material when bypass is performed for nonthrombotic etiology (i.e ., 
tumor, trauma) and for transient hypercoagulable states, such as that in the 
patient who has used and discontinued birth control pills. 9 Long-term re
sults are poor for both autogenous and prosthetic bypasses when the etiol
ogy of venous obstruction is that of a previous thrombotic process. A tem
porary A V fistula (up to six weeks) may be utilized in conjunction with the 
bypass to improve perioperative patency rate. A long-term fistula (up to six 
months) may be utilized to increase the size of the saphenous vein conduit 
with the Palma procedure.8 Bacterial infection of such a fistula is a specific 
hazard. Distal venous hypertension with the A V fistula can be avoided by 
sizing the fistula with a 4 mm prosthetic sleeve, which also helps in percu
taneous obliteration of the fistula later by interventional radiology (Fig. 
36.4). 

RIGI01Smm 
GORETEX GRAFT 

TEMPORARY A·V FISTULA 

, 

\ (l 
~ ~ 
I 

PALMA PROCEDURE 

FIGURE 36.4. Bypass for venous obstruction utilizing a stented PTFE graft or the 
autogenous saphenous vein (Palma procedure). The inset beneath the prosthetic 
graft shows a branch of the saphenous vein being utilized for creation of an A V 
fistula. The vein is ensheathed in a 4 mm prosthetic graft for sizing and to help 
with later percutaneous balloon closure (see text) . The inset beside the depiction 
of Palma procedure shows an end-to-side A V fistula between the saphenous vein 
and the femoral artery. The saphenous vein was anastomosed side-to-side to the 
femoral vein beside the fistula. 
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Venous Valvular Insufficiency 

There is increasing realization that cryptogenic valve reflux of nonthrom
botic etiology is responsible for a significant number of patients present
ing with pure reflux. A deep venous thrombosis usually results in com
bined lesions involving both obstruction and reflux. While ambulatory 
venous hypertension has been accepted traditionally as the basis of stasis 
ulceration, approximately 25% of patients in our experiencelO are noted to 
have "normal" postexercise pressures. These patients appear to have 
abnormal Valsalva foot venous pressure, however. The latter technique is 
particularly useful in following patients with valve reconstruction surgery. 
This parameter is completely normalized, or nearly so, in patients success
fully cured of stasis symptoms by surgery. Patients undergoing valve recon
struction surgery should undergo a complete workup, including pressure 
studies and ascending and descending venogram. Color-coded Duplex is 
proving invaluable in analyzing reflux in these patients preoperatively and 
following their postoperative course. Our preference is for valvuloplasty, 
as results with the axillary vein valve transfer are inferior probably due to 

AXILLARY VEIN TRANSFER 

I~ 
DACRON SLEEVE 

VALVULOPLASTY 

KISTNER SEGMENT TRANSFER 

FIGURE 36.5. Surgical procedures for valve reflux . Axillary vein wall transfer with a 
Dacron sleeve around the transferred valve is shown on the left. The Kistner seg
ment transfer where the superficial femoral vein is divided below an incompetent 
valve and reanastomosed to the profunda vein below a competent valve is shown.in 
the middle. The internal valvuloplasty procedure, where the redundant valve cusps 
are tightened, is shown on the extreme right. 
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late dilatation.ll Late dilatation can perhaps be prevented by applying a 
Dacron sleeve jacket around the transferred axillary valve (Fig. 36.5).12 
Internal valvuloplasty technique has now been replaced by an external 
technique, once again described by Kistner. 13 Since the technique is rapid, 
multiple valvuloplasties are possible. We routinely attempt repair of the 
superficial femoral profunda and posterior tibial valves in symptomatic 
limbs. In approximately 10% of patients, surgical manipulation of the vein 
results in venoconstriction, which restores competency to the previously 
leaky valve.ll In these patients, a restraining Dacron jacket is applied 
around the vein to maintain competency without formal valve repair. With 
proper selection, over 80% of patients with stasis symptoms will be cured 
at two years with valve reconstruction surgery. 
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37 
A New Surgical Technique for 
Venous Reconstruction: The 
Nonpenetrating Clip 
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Abstract 

The surgical principles governing venous reconstruction remain uncertain 
in contrast to the standardized principles of arterial corrective surgery. The 
technical difficulties attending venous reconstructions, their potential for 
complicating thromboembolism, and poor surgical outcome are directly 
related to the biological response of veins to needle-and-suture. A new 
method for venous reconstruction, predicated on intimal nonpenetration 
and flanged eversion, exhibits technical and physiologic advantages over 
conventional suture. 

Venous reconstruction with the nonpenetrating clip is equivalent to or 
superior to suture by trials in the surgical laboratory and clinic. The clip has 
been tested with the following venous reconstructions: end-to-end, end-to
side, arterial interpositional venous grafts, vascular access procedures, and 
free flap transfers. Long- and short-term patency rates, blood flow rate and 
characteristics of intimal repair, and mechanical properties of the flanged 
anastomoses (burst and tensile strength) have been determined. Details of 
this new surgical technique, the histological and physical properties of the 
flanged venous anastomoses, and clinical experiences are described. 

Introduction 

Despite vascular surgery's progressive advances, uncertainty still character
izes venous reconstructions. Procedures adequate for arterial anastomosis 
become difficult and ineffective when transposed to thin-walled veins. 
Thrombosis regularly complicates suturing of veins, a system marked by 
low pressure, sluggish flow, relative hypoxemia, and fragile intima. As a 
consequence, a variety of nonsuture techniques have been applied to veins. 
These include fixed rings and cuffs, staples, hollow tubes, biological adhe-

*To whom reprint requests should be addressed. 
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sives, and laser welding. 1- 4 None so far have proven practical. Despite 
inherent flaws, suturing remains the standard to which any new method for 
venous reconstruction must be compared, even though there is disagree
ment regarding indications and optimal suturing technique.5,6 Recognized 
inadequacies warrant continuing investigation for an improved surgical 
method for venous reconstruction. 

Venous thromboses are related to vein intimal penetration, a problem 
that becomes intensified when suturing at the microsurgical level. * Small
caliber veins have a more severe inflammatory reaction, slower rates of 
endothelial and medial repair, and more extensive medial necrosis than 
small arteries in response to suturing.7,8 Though needle and suture are 
clearly accepted in vascular surgery, their use for venous reconstruction 
sets the stage for a train of deleterious events, largely traceable to intimal 
damage. Thus, any improvement in venous surgical technique should 
address the following problems inherent to the use of conventional 
methods and avoid intimal damage. 

1. Intimal damage: Ischemia of the entire venous wall segment occurs dur
ing the course of application of double approximator claI,Ilps. Ischemia 
leads to a significant slough of fibrinolytic, venous intima with exposure 
of a potentially thrombogenic subendothelial basement membrane.7,8 
This exposure will be tolerated unless blood flow stagnates or superim
posed intimal damage (stretching, needle puncture) triggers the clotting 
cascade. 

2. Venous wall damage associated with adventitial stripping: Adventitial 
stripping is recommended as a preliminary step to sutured anastomoses 
to prevent capture of thrombogenic material in the suture line.9 Since 
perfusion of the venous wall occurs via the adventitia, this dissection 
promotes intimal sloughing, heightened sensitivity to further trauma, 
and thrombosis. 

3. A sutured venous anastomosis is never precise: The joining of thin
walled venous tissue by passage of a suture, followed by tying a knot, 
produces inevitable wall overlap ("purse-stringing"), secondary medial 
necrosis, and an irregular anastomotic line (Fig. 37.1). Secondary blood 
flow turbulence leads to initiation of clot formation at the suture line, 
particularly after exposure of potentially thrombogenic subendothelial 
collagens and media matrix. 

4. A sutured venous anastomosis is not "blood-tight": Bleeding from nee
dle puncture sites is accepted as an inevitable consequence of suturing. 
The surgeon counts on "natural" hemostatic mechanisms to stop bleed
ing. The clotting cascade does not conveniently shut down when leaks 
are plugged but continues to propagate intravascularly, embolize, and 

*Microvascular surgery arbitrarily refers to procedures on arteries or veins below 
2.5mmO.D. 
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A 

B 

c 

FIGURE 37.1. Models of tissue approximation by suture. A represents the idealized 
"butt" joint that is virtually impossible to attain, B is the type of apposition usually 
attained in practice, and C is optimal eversion and intimal approximation. 

conceivably leads to total occlusion. Tamponading a bleeding venous 
anastomosis with manual pressure is potentially harmful , yet is recom
mended in contemporary vascular surgery texts. 10 

5. The penetrating needle: Passage of needle and suture inevitably damages 
the vascular intima (Figs. 37.2,37.3) or may, in fact, damage the oppo
site wall. A commonly used microsurgical needle and suture (10-0 
nylon, 22 micron suture on a 75 micron needle) produces a laceration 
larger than the suture and exposes traumatized subendothelium to 
blood. 

6. Needle and suture are a potent stimulus for intimal hyperplasia: Passage 
of needle and placement of a permanent suture leads to a foreign body 
reaction. This response is more extensive in veins than in arteries and 
persists longer.!! Proliferation of leukocytes, intimal migration of 
smooth muscle cells, and platelet aggregation result. The cellular reac-



FIGURE 37.2. Typical appearance of micro sutured (10-0 nylon) rat femoral vein 
anastomoses one week postoperative. Relative dimensions can be gauged by the 
22-micron diameter 10-0 suture. Vein prepared by method of Acland and 
Trachtenberg.17 Note intraluminal fibrin deposition at anastomotic site with in
terference of endothelialization. 
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FIGURE 37.4. Scanning microscopic picture of a 10-0 sutured rat femoral artery 
anastomosis 60 days after surgery. Note myointimal hyperplasia at site of intra
luminal sutures with platelet and fibrin aggregation . Reactive hillocks are not 
covered by a true endothelium. Dimensions on scale. 

<j~----------------------------------------------------------

FIGURE 37.3. Scanning microscopic picture of the sutured luminal anastomotic sur
face of a rat femoral artery. Note the endothelial loss, overriding of tissue planes 
(as in Fig. 37.1B), bunching of the subendothelium, needle puncture hole, and 
platelet aggregation about needle puncture. Relative dimensions can be gauged by 
the 22-micron, 10-0 nylon suture diameter. 
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tion leads to intimal hyperplasia and platelet aggregation, a cause for 
late failure of vascular anastomosis or interpositional grafts (Fig. 37.4). 

7. Technical problems with small caliber veins: Surgical precision is a cru
cial ingredient for venous repair. Placing sutures too tight narrows the 
anastomotic line-too loose and the line bleeds. There is little margin 
for error. These considerations plus the limits of human proprioception 
are important when repairing veins with wall thicknesses of 50 to 100 
microns at the microscopic level. 

The realization of the nonpenetrating clip stems from the need to im
prove the quality of microsurgical venous anastomoses after experiencing 
the frustrations and doubts that accompany conventional microsuture. A 
review of nonsuturing methods for microvenous repair did not turn up any 
reports of previous reconstructions with nonpenetrating microclips. At the 
macroscopic level, there were reports of successful arterial and venous 
anastomosis with "toothed" penetrating clips.12,13 This study commenced 
at the micro level to test the feasibility of microvenous and microarterial 
anastomoses with a nonpenetrating clip. Success at the microlevel has war
ranted further testing on larger caliber veins. The results of these studies 
form the basis of this paper. 

Description of Clips, Applier, and Surgical Technique 

Initial experiments were done with rat femoral veins and arteries. This 
paper will emphasize results of venous studies with comments on arterial 
work added for the sake of completeness. The adult rat femoral vein, distal 
to the lateral circumflex femoral tributaries, is 1.0 to 1.5 mm in outer diam
eter with a wall thickness of 50 to 100 microns. In order to fabricate a 
miniature, nonpenetrating microclip with dimensions capable of approx
imating this delicate tissue, computer-assisted wire corrosion technology 
was employed. This advance in precision engineering enabled mass pro
duction from pure silver of an "H-shaped" clip, 700 microns in length, 100 
microns thick, configured like a clothespin. These first generation micro
clips were manipulated and applied with a fine-bore, suction-fitted mi
croneedle holder using the short arms of the "H" for loading and 
stabilization.14 From the outset, these trials proved the worthiness of a 
microflanged anastomosis for both rat femoral veins and arteries. Short
and long-term patency of microclipped venous and arterial anastomoses 
(0-7 days, 7-240 days), procedure duration, light scanning and transmis
sion microscopic appearance ofthe anastomoses (Fig. 37.5), and incidence 
of false aneurysm at the anastomotic site compared favorably to results 
obtainable by microsuture. The elastomeric flange, formed by the coaption 
of intimal venous surfaces, healed with remarkable rapidity and unusual 
tensile strength. Flange joint strength is a function of coapted surface area 
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FIGURE 37.5. Scanning microscopic picture of 1.5 mm diameter rat femoral vein 
anastomosed with the original "H-shaped" micro clips 24 hours after anastomosis . 
Flanged coaption of adventitia is evident. The anastomotic cleft cannot be visual
ized nor has fibrin accumulated at the site of anastomosis. Relative dimensions and 
diameter of vein wall thickness can be gauged by the size of 700-micron-long clip 
(100 microns thick) . 

and pressurization. A flange joint is different from a stapled or cuffed-ring 
anastomosis. Staples penetrate and do not form a flanged joint since the 
everted walls are not coapted. Cuffed rings do not allow a change in anas-
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FIGURE 37.6. Dimensions and configurations of the micro , mini, mezzo, and mac
rociips . The theoretical background for jaw and tang design are given in the text. 

tomotic luminal diameter with changes of intraluminal pressures and fail 
because venous walls are unable to collapse. Stagnating flow contributes to 
thrombosis. 15 Interrupted clips permit venous collapse and preserve the 
adventitia. The flange is a minimally thrombogenic anastomotic conforma
tion . Eversion and approximation of venous walls for clip application are 
readily accomplished with special "everting forceps, " jeweler's forceps 
with blunt tips angled at 45°. 

Encouraged by the advantages of the nonpenetrating flanged clip anasto
mosis at the microvascular level (vein and artery), efforts were directed to 
the design and fabrication of a less ambiguous clip and applier. A clip 
applier was needed in which the clip could be conveniently loaded, repro
ducibly actuated, and readily removed in the event of misapplication. 

These needs were fulfilled by design of a nonpenetrating clip having 
spaced, arcuate arms but mounted on a frangible tang (Fig. 37.6) . The tang 
(measured in mm) enables unambiguous clip loading into a conforming 
slot, as well as being a component of the clip actuation mechanism. Manual 
squeezing of the applier by a pincer movement between thumb and fore
finger pulls the tang, forcing the shoulders of the clip against stationary 
jaws. A defined angulation of these jaws in relation to the clip shoulders 
closes the tips of the clip to a "zero gap" without springback. The confor
mation of the tang neck on the clip is such that its breaking strength is 
greater than the tension required to deform by bending the clip bridge. 
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I READY POSITION 
PULLER 

ICLOSING CLIP 

ICLIP IS CLOSED AND RELEASED~ _______ --

L.- NECK HAS RUPTURED AT PREDETERMINED POSITION 

FIGURE 37.7. Mechanism of clip actuation. Pincer movement on forward aspect of 
applier causes puller to retract clip by the frangible tang. The tang ruptures at 
preset tensile force after the clip is closed and applied. Tang is then removed by 
pressure on midpoint of applier and the slot exposed for reloading manually. Mic
roclips are loaded with microscopic control; mini, mezzo and macroclips with 
naked eye. 

The jaw face and clip shoulder relationship is designed to place the points 
of initial engagement remote from the tang neck. Application of tension 
(T) to the tang defines a bending moment (M = TXl2) at the center of the 
bridge (X equals the distance from tang axis to either contact point). 
Bridge deformation and degree of clip closure are determined by clip/ 
applier geometry and are independent of the surgeon's activating force. 
The tang snaps off after the clip is applied and is easily removed from the 
applier slot in order to reload (Fig. 37.7). 

Four different sized clips are suitable for all laboratory and clinical 
venous anastomoses so far encountered (Fig. 37.6). The rnicroclip, for ex
ample, can be used for veins up to 2.5 mm O.D. with wall thickness <150 
microns. The radius of curvature of the tip of each arm of the micro clip is 
12 microns. Though changes in jaw face geometry or clip shoulder shape 
can produce any desired change in the degree of clip deformation and clo
sure, all of the venous and arterial surgical studies have been done with 
clips set to a "zero gap" (jaw faces engaged at an obtuse angle of 150°). 
Appliers and clips have been calibrated by microscopic control to verify the 
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FIGURE 37.8. Drawing taken from U.S. Patent 4,733,664 demonstrating the applier 
in position to actuate a clip about the everted vessel edges. The clip is detached 
from the applier by using pressure against the applier sides with thumb and forefin
ger. This manipulation causes the clip to automatically close about everted tissue 
and to detatch from the applier, independent of the digital force applied. 

gap of the clip points. Clips are made from plastically deformable pure 
silver, a metal with minimal springback. Loading mode of the applier is set 
by manual pressure on the midpoint of the handle to expose the slot for clip 
loading. Clip actuation occurs by a selective pincer movement of thumb 
and index finger on the forward portion of the handle. This differentiated 
finger manipulation is highly desirable when working at the micro level. 
The clip, applier, and method have been granted United States patents 
(U.S. Patent Numbers 4,586,503 and 4,733,664) (Fig. 37.8). 

Reproducible eversion of vein walls in preparation for clip application is 
a rapidly learned skill even at the microlevel. In the event of a malaligned 
clip, removal is accomplished by squeezing the bridge between the clip 
arms with a fine-pointed needle holder. The intima is not damaged by re
peated clip application and removal. We have repeatedly performed a suc
cessful microvenous or micro arterial anastomosis with clips, then removed 
the clips immediately, reopened the vessel, and reapplied the clips with 
restoration of flow. This was repeated eight times in succession with res
toration of arterial flow of a rat femoral artery in a demonstration for the 
Surgery Department of the University of Colorado School of Medicine 
(courtesy of Dr. Alden Harken, July 1988). 

Eight to 10 microclips are required for a blood-tight 1.5 mm rat femoral 
vein anastomosis, equivalent to the number of interrupted microsutures. A 
stent is not needed, since clips are nonpenetrating and there is less risk of 
catching the opposite wall as with micro needle and suture . Clip penetra
tion of the venous intima has never been observed , though misuse of the 
everting forceps has the potential for this damage . The clips are adaptable 
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for end-to-side, vessel caliber mismatch, as well as vascular prosthesis 
anastomosis. 

General Experimental Comments 

Venous anastomoses performed with nonpenetrating clips have remark
able biological properties. Anastomoses are routinely blood-tight at the 
outset, have surprising physical strength, and result in prompt reendothe
lialization and venous wall remodeling. Scanning microscopic studies of 
microclipped rat femoral vein anastomoses demonstrate restoration of the 
intima within one week (Fig. 37.9). Dr. Nicholas Wilson (laboratory of Dr. 
Norman Browse, St. Thomas's and Guy's Hospitals, London) has con
firmed these observations in the sectioned canine saphenous vein anasto
mosed with mezzoclips. Dr. Wilson has reported venous anastomotic heal
ing by both direct venoscopy and histologic preparations within one week 
using the ClipS.16 

The rate of venous endothelial repair is significantly slower with a su
tured anastomosis. The formation of a flanged anastomosis from a sec
tioned vein after application of double occluding approximator clamps 
opposes two ischemic, intimally depleted surfaces. These subendothelial 
surfaces bond with surprising strength in a short period of time. Microclips 
can be removed 30 minutes after the formation of an anastomosis with 
preservation of anastomotic integrity from either microclipped femoral 
arteries or veins. This experiment was extended by performing a rat fe
moral artery-to-vein, end-to-side anastomosis with microclips, waiting 30 
minutes, then removing the clips. The anastomosis remained intact and 
patent, the wound was closed and the animal allowed full activity. One 
months later, the groin was reopened and the arteriovenous fistula found 
patent without evidence of anastomotic aneurysm. 

Another study compared the extent of anastomotic site fibrin deposition 
in rat femoral veins anastomosed with either 10-0 nylon microsuture or 
microclip. Each of 20 rats served as their own control, with one femoral 
vein anastomosed by rnicroclip and the other by microsuture. At one hour, 
4 hours, one day, 3 days, and 1 week, animals were anesthetized, the 
groins reopened and the femoral veins exposed. Patency testing ("strip and 
refill") was performed 2.0 cm proximal from the anastomotic site and 
the veins harvested and processed by the method of Acland and 
Trachtenberg.17 The blood-filled specimens were immediately formalin 
fixed. After one week of fixation, clips were removed from the anasto
moses in order to section the blood-filled segments longitudinally. Anas
tomotic site fibrin deposition was scored as none, present, or totally 
clotted. Microclipped anastomoses were virtually fibrin free, whereas all 
of the sutured veins had significant anastomotic fibrin deposition (Fig. 
37.2). The microclipped venous anastomoses had in fact endothelialized 
the anastomotic site (Fig. 37.10). 
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FIGURE 37.9. Scanning microscopy of the rat femoral vein, clipped anastomotic site 
demonstrating complete endothelialization at one week. Note the smooth and high
ly reproducible point of rupture of tang from the clip, the "zero gap" enclosing 
adventitia and media, and endothelialization with remodeling of the venous wall. 
This series of pictures "zooms" in on the anastomotic line with dimensions on scale. 

Encouraged by these results, an expanded series of fully controlled 
animal studies has been performed in accordance with "Good Laboratory 
Practice" standards. These are described in detail in the subsequent sec
tions. 
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FiGURE 37.10. Scanning microscopic picture of microclipped rat femoral vein (1 
mm D.D.) one week after anastomosis. Note smooth impression of closed clips on 
the intima with complete endothelialization of the anastomotic line. 

Experimental Studies 

All animals received humane care in compliance with the "Principles of 
Laboratory Animal Care," formulated by the National Society for Medical 
Research, and the "Guide for the Care and Use of Laboratory Animals," 
prepared by the National Academy of Sciences and published by the 
National Institutes of Health (NIH publication No. 85-23, revised 1985). 
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All animal surgeries were done by three surgeons, Dr. Yong Zhu, Dr. 
Wolff M. Kirsch and Dr. David Stoloff. These studies were monitored and 
regularly audited by an independent quality assurance unit. All ex
perimental data was accurately recorded and verified, and the raw data, 
documentation, protocols, specimens, and final reports are available. Five 
of the six studies were performed with microclips, one with mezzoclips. All 
anesthetics were standardized-Innovar i.p. for rats and acepromazine 
maleate/ketamine Hel for rabbits. Sterile conditions and the operating 
microscope were used. 

Study 1: Comparison of Suture and Clip for 
Microvascular Anastomoses 
The purpose of this study was to compare micro suture to microclip (rat 
femoral vein and artery) with respect to the following parameters: short
and long-term patency rates, procedure duration, light, scanning, and 
transmission microscopic appearance of the anastomoses, and incidence of 
anastomotic aneurysm. 

METHODS AND MATERIALS 

Thirty-eight 400 gm Sprague-Dawley rats had surgical exposure of both 
femoral veins. Femoral veins were isolated immediately below the lateral 
circumflex vessels (average diameter 1.5 mm), placed between double 
approximator clamps and sharply sectioned. One side was anastomosed 
with micro suture (10-0 nylon, 10-12 sutures/anastomosis) and the other 
with microclip (10-12 clips/anastomosis). The microclips used for this ex
periment were the original "H-shaped" devices and were applied with the 
suction-fitted needle holder. All of the remaining studies (see below, 2-6) 
were performed with the tanged clip and cam-actuated applier. Wounds 
were then closed and reopened at designated intervals up to 60 days. The 
same procedure was performed on isolated femoral arteries (38 animals). 

PATENCY AND HISTOLOGICAL ANALYSIS 

One week postoperative, six animals (femoral vein anastomoses study) 
were anesthetized, their groin wounds reopened, and the anastomoses ex
amined. One sutured and one clipped venous anastomosis had thrombosed 
by "strip and refill" testing. veins were then harvested according to the 
method of Acland and Trachtenberg and prepared for histological 
sectioning. 17 Microclips were removed from the specimens prior to section
ing. This technique enables longitudinal examination of the vessel with 
examination of the anastomotic site. The remainder of the veins were har
vested between seven and 60 days. Some specimens were fixed for scanning 
and electron microscopy by the methods of Thurston et al. 18 
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TABLE 37.1. Patency rate and false aneurysm in sutured and clipped rat femoral 
veins. * 

Sutures Clips 
N=36 N=37 

0-7 days 84% 84% 
7-60 days 75% 92% 
False aneurysms 0% 0% 

* Previously published. Reprinted with permission from Zhu YH, Kirsch WM, Cushman Ret 
al. Comparison of suture and clip for microvascular anastomoses. Surg Forum 1985;36:492-
495. 

RESULTS 

Femoral vein anastomoses by microsuture averaged 30 minutes in dura
tion, microclippiog averaged eight minutes. Patency rates are given in 
Table 37.1. Histological studies of clipped venous anastomoses demon
strated endothelialization within one week, minimal or no fibrin about the 
anastomotic site, medial necrosis at the site of clip application, but remod
eling of the venous wall by 60 days. In contrast, sutured femoral veins at 
one week had marked fibrin deposition about the intraluminal suture, in
tense foreign body reaction and necrosis in the media, with no evidence of 
reendothelialization. Scanning and transmission electron microscopy dem
onstrated endothelialization of the anastomotic cleft of the clipped anasto
moses within 24 hours after surgery (Figs. 37.11, 37.12). In contrast, the 
microsuture demonstrated tearing and bunching of the intima as well as 
intimal hyperplasia and platelet aggregation about the suture (Fig. 37.3). 

An initial study demonstrated a significant number of false aneurysms in 
the clipped arterial group (47%) in comparison to the microsutured group 
(25%). Aneurysm formation was associated with an intense foreign body 
reaction to the clips. This reaction was traced to contaminating Cu++, 
Zn++, and hydrocarbons on the silver clips from the brass wire electro
corrosion manufacturing process. As a result of this study, cleaning of clips 
prior to sterilization was revised. Clips were subsequently cleaned in step
wise fashion with phosphoric acid, nitric acid, and isopropyl alcohol to 
eliminate contaminating brass and oils. Subsequent to this cleaning proce
dure, no further anastomotic aneurysms were detected in clipped arteries. 

CONCLUSIONS 

Microclips are technically superior to microsuture for venous anastomoses 
despite the cumbersome suction-fitted applier. Anastomotic arterial aneu
rysms at the microlevel associated with a foreign body reaction secondary 
to brass and oil clip contamination. These studies resulted in development 
of a new applier and clip cleaning method that eliminated arterial anas
tomotic aneurysms. 
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FIGURE 37.11. Scanning microscopic topography of rat femoral vein , clipped anas
tomotic cleft 24 hours after surgery. Note the selective endothelialization of the 
anastomotic cleft region . (B) 1 mm downstream from the anastomotic cleft with 
exposed subendothelium and sparse endothelialization. (C and D) Two different 
scanning microscopic views of the anastomotic cleft showing dense endothelial cell 
appearance at 24 hours. 
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FIGURE 37.12. Transmission electron microscopic montage of the anastomotic cleft 
of a clipped rat femoral vein demonstrating endothelial cell bridging of both suben
dothelial surfaces (24 hours postoperative). This cell-mediated adhesion may be 
responsible in part for the unusual early strength of the flanged anastomoses after 
clips are removed. 
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TABLE 37.2. Study 2: Number of anastomoses performed for each evaluation 
period. 

Evaluation parameter 

Patency 

Histology 

Postoperative period (days) 

7,14 
28 
70 

7,14,28 
70 

Arterial and 
venous paired 
anastomoses 

10 
4 
8 
4 
8 

Study 2: Comparison of the Patency and Histology of 
Anastomosed Rabbit Femoral Veins 
The purpose of this study was to compare patency and histology of paired 
"leak free" microclipped rabbit femoral vein anastomoses. All clips were 
cleaned by a process incorporating successive washes with phosphoric acid, 
nitric acid, and isopropyl alcohol to remove traces of Cu++, Zn++, and 
hydrocarbons. The tanged clip and camactuated applier were used in this 
and all subsequent studies. Thirty-two femoral vein anastomoses were per
formed on a total of 36 healthy New Zealand white rabbits (1.8 to 2.8 kg, 
mean weight 2.2 kg). Evaluations (patency, light microscopy) were per
formed at 7,14,28, and 70 days following surgery. The number of anasto
moses for each evaluation period is given in Table 37.2. 

SURGICAL PROCEDURE 

Following standard anesthesia and surgical preparation, the femoral vein 
was isolated below the lateral circumflex tributaries and a double approx
imator clamp applied. Background material was placed beneath the vein to 
improve visualization, the vein transected, and the lumen irrigated with 
heparinized physiologic saline. The edges of the vein on the anterior sur
face were everted to achieve intima-to-intima contact, and microclips were 
placed at appropriate intervals. The approximator clamp was rotated after 
clipping the anterior wall and the procedure repeated for the posterior 
wall. The approximator clamp was then removed and the anastomoses ex
amined. Additional microclips were placed if needed to secure a "blood 
tight" anastomoses. Only technically correct anastomoses were included in 
the study and the access incision was closed. The contralateral femoral vein 
was then exposed and anastomosed in the same manner. An analogous 
study was performed on paired rabbit femoral arteries with micro clips 
cleaned by the method found to eliminate anastomotic aneurysms. A sum
mary of vessel measurements and microclips applied per anastomosis is 
given in Table 37.3. 
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TABLE 37.3. Study 2: Summary of vessel measurements and microclips applied per 
anastomoses (rabbit femoral artery and vein anastomoses, number of animals in 
text). 

Arteries Veins 

Range (mm) Mean (mm) Range (mm) Mean (mm) 

Outside vessel 
diameter 0.8-1.80 1.22 1.2-2.0 1.6 

Single 
vessel wall 
thickness 0.17-0.35 0.22 0.04-0.10 0.06 

Number of clips 
applied per 
anastomosis 10-22 16 12-23 15 

GROSS EXAMINATION AND PATENCY EVALUATION 

At designated postsurgical time periods, rabbits were again anesthetized 
and the previously anastomosed vessels exposed. Anastomotic sites were 
grossly examined for evidence of aneurysm, fibrosis, or hemorrhage. 
Patency was determined by the "empty and refill" test, and if necessary, by 
incising the vein upstream (artery, downstream) from the anastomotic site 
and observing flow. Patency tests were performed at least 2.0 cm from the 
anastomoses to avoid damage to the anastomotic site. 

HISTOLOGIC EVALUATION 

Following the patency evaluation, a strip of plastic was placed beneath the 
anastomosed vein and "Ligaclips" (Ethicon) applied 2.0 cm on both sides 
of the anastomosis, attaching the vessel to the plastic strip. Stab incisions 
were made in the isolated segment adjacent to both Ligaclips. A cannula 
was inserted into the vein and flushing accomplished in the direction of 
blood flow with lactated Ringer's Solution, then with a combination fixa
tive of 4% commercial formaldehyde (10% formalin) and 1% glutaral
dehyde in a Millonig phosphate buffer. Each rabbit was then killed with an 
IV or intracardiac injection of barbiturate. 

Vessels (arteries and veins), with microclips in place, were embedded 
longitudinally in glycol-methacrylate and stained with H. and E. 
Pontamine turquoise. An elastin stain was also used. Embedding in 
glycol-methacrylate allows silver clips to be sectioned with a glass knife. 
Microscopic evaluation was then carried out to determine the presence or 
absence of pseudoaneurysms, thrombosis, vessel wall inflammation, and 
appearance of the anastomotic site. 
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RESULTS: VESSEL PATENCY AND GROSS ApPEARANCE 

A patency rate of 100% was achieved; 32 arteries and 32 veins were patent 
at the end of the designated survival intervals. 

HISTOLOGIC OBSERVATIONS 

None of the clipped arteries or veins had any significant fibrin or platelets 
at the anastomotic line, nor were any aneurysms noted. All of the anasto
moses were considered histologically acceptable. The jaws of the micro clip 
compressed adventitia and media of the vessels together causing focal me
dial necrosis and elastic degeneration. Intimal regeneration was extensive 
by day 7 in veins and complete by day 28 in both arteries and veins. None 
of the clips were in contact with the bloodstream. There was a zone of 
metallic granules 5 to 30 microns thick about each microclip but very little 
inflammatory reaction. Most of the vascular damage noted histologically 
(medial atrophy, elastica damage, focal adventitial and medial mineraliza
tion, and endothelial sloughing) occurred well away from the microclips. 
This damage was attributed to the approximator clamps and/or adventitial 
stripping performed while isolating the vessels. Similar changes have been 
reported in studies of microvascular anastomoses using suture and other 
devices. 11,17 

CONCLUSIONS 

Thirty-two rabbit femoral veins and 32 arteries were patent at the conclu
sion of a designated survival interval (up to 70 days) resulting in a 100% 
patency rate. Tissue reaction to the clips was minimal and intimal resurfac
ing of veins was noted at the anastomotic line within one week. Vascular 
damage noted histologically was at a distance from the venous anastomoses 
and attributed to approximator clamps and/or adventitial stripping. 

Study 3: Tensiometric and Patency Evaluation of 
Anastomosed Rabbit Veins and Arteries 

The purpose of this study was to compare breaking strength and 
elongation-to-break of rabbit femoral arteries and veins anastomosed with 
microclips against that of paired unoperated vessels at 0, 7, and 14 days 
postoperatively. 

METHODS AND MATERIALS 

A total of 21 healthy female New Zealand white rabbits, weighing 2.1 to 
2.6 kg, were used in this study. Venous anastomoses in three animals were 
excluded because of vessel trauma. One arterial anastomosis was excluded 
because of arterial wall penetration with eversion forceps. Additional rab
bits were operated on to replace these animals. 
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RESULTS: INTRAOPERATIVE OBSERVATION 

On one occasion the applier misfired and failed to break the tang during 
microclip placement. 

POSTOPERATIVE OBSERVATIONS 

Fourteen of the 15 rabbits recovered uneventfully from surgery, but one 
animal developed a small skin dehiscence over an anastomotic site. The 
dehiscence healed spontaneously and all anastomosed vessels were patent 
at the end of the designated survival period with no evidence of hemor
rhage or aneurysm. 

TENSIOMETRIC EVALUATION 

Each rabbit was killed and Ligaclips applied to each vessel no less than 3.5 
cm on either side of the anastomosis. Comparable locations were used on 
the contralateral unoperated femoral artery and vein. Both anastomosed 
and normal vessel segments were excised, washed in lactated Ringer's solu
tion, and prepared for tensiometry. Ends of the vessel were bonded to a 
folded piece of emery paper with cyanoacrylate bonding adhesive and 
stored in damp gauze until testing. After calibration of the universal testing 
instrument (Instron), the enclosed vessel was gripped in the crosshead by 
planar rubbershod jaws. Distraction of the crosshead was initiated and 
maintained until the specimen separated. 

Force generated at the instant of failure is denoted as "breaking 
strength" of the specimen. Vessel elongation to break is determined 
graphically using a technique that permits resting length to be determined 
under the same tension for each specimen. The results are expressed as 
"force," "elongation at break," and "percent elongation." Means and stan
dard deviations for each group of anastomosed and unoperated vessels are 
given in Table 37.4. 

CONCLUSIONS FROM TENSIOMETRIC OBSERVATIONS 

Two problems were encountered in preparing vessel specimens for testing. 
One was assuring that bonding of the vessel end to emery paper had oc
curred, the other was measuring gauge length of the resting vessel if the 
specimen retracted and was too short. During tensile testing, observations 
were made to locate the point of tensile separation in each specimen. If a 
test abnormality was noted, e.g., slippage through the holder or jaw dam
age to the specimen, data for that trial were discarded. Data for one of 18 
anastomosed and one of 18 unoperated arteries, one of 18 anastomosed 
and two of 18 unoperated veins were discarded. The remainder of the tests 
were considered valid. 

Force-to-break tension and percent vessel elongation values are sum
marized in Table 37.4. Breaking strengths of anastomosed vessels were 
slightly less (arteries 7%, veins 20%) than those of paired unoperated 
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control vessels immediately after surgery. Postoperatively, anastomotic 
breaking strengths were found to increase over control values. The seven
day arterial anastomoses averaged 10% stronger and veins 15% stronger 
than unoperated control vessels. Since standard deviations for both anasto
mosed and unoperated groups were relatively large, the conclusion is that 
breaking strengths of vessels anastomosed with microclips is equivalent to 
those of normal vessels. 

Percent elongation-to-break values between paired anastomosed and 
unoperated vessels similarly were large. Anastomosed veins tended to be 
less elastic than their unoperated controls, a physical property that corre
lates with normal fibrous reaction expected in the healing process. The 
tensiometric studies demonstrated that the clipped venous and arterial 
anastomoses were mechanically sound and functionally patent. 

Study 4: Comparison of Microsutured and Microclipped 
End-to-Side Anastomoses Fistulas 
An important aspect of clinical venous reconstruction is creation of an 
arterial-to-vein, end-to-side anastomosis (A-V fistula formation). Fistula 
formation is the cornerstone of circulatory access surgery for hemodialysis, 
chemotherapy, and total parenteral nutrition. The experimental fistula 
model for comparing effectiveness of microsuture vs. microclip was the 
common carotid to jugular vein, end-to-side anastomosis in the rabbit. 
Patency of the fistulas was evaluated 14 and 28 days after surgery by digital 
subtraction angiography in vivo and explant histopathology. The time re
quired to construct a sutured vs. a clipped fistula was compared from the 
beginning point of anastomosis after mobilizatioQ of artery and vein. 

MATERIALS AND METHODS 

Twelve anesthetized adult male New Zealand white rabbits, 3.2 to 3.75 kg, 
had the ventral cervical area depilated. Under sterile conditions and with 
the operating microscope, the rabbit's cervical region was incised to expose 
the right common carotid artery and external jugular vein. Animals were 
then divided randomly into two groups. Six animals had microsutured fistu
las and six were microclipped. One group of six (three clipped, three su
tured) were studied 14 days after performance of the anastomosis and the 
second group 28 days later. The jugular vein was prepared first and then 
the common carotid artery identified, sectioned, and the distal portion tied 
off. The carotid artery was then mobilized with a temporary microvascular 
clip, and double approximator clips were applied to the isolated external 
jugular vein on the right side. A 45' angle oblique cut and small linear 
incision was made with microscissors (1.5 mm in length) at the site of anas
tomosis in the jugular vein. Microclips were applied to one wall and then 
the other, 10 to 15 microclips being utilized to complete the anastomosis. 
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Temporary occluding clips were released to establish patency and the 
wounds closed. The identical fistula was created with microsuture (10-0 
nylon) in 10 rabbits, and these animals were studied in an identical man
ner. Patency was determined by angiography. 

RESULTS 

Construction of a fistula by clipping averaged 10 minutes, by suture 50 
minutes. No correlation could be established between the angiographic 
appearance of the fistulas and the histologic appearance of the anasto
moses. Angiography gives a true picture of the in vivo fistula and explanta
tion may introduce histologic artifacts. Twenty-eight-day fistulas (three su
tured, one clipped) had small amounts of fresh fibrin at the anastomotic 
sites without evidence of endothelial disruption or thrombosis. This was 
considered to be artifactual in view of the patency visualized by angiogra
phy for both suture and clip. During explantation, arteries constrict due to 
trauma of removal from surrounding dense, fibrotic scars. The histologic 
dilatation observed at the anastomotic site in respect to the entering artery 
lumen could be explained by inability of the fixed anastomosis to constrict. 
The endothelium appeared complete at both sutured and clipped fistulas at 
14 and 28 days, but there was slow replacement of necrotic media and 
compressed connective tissue in the sutured groups. In both the clipped 
and sutured fistulae there was proliferation of subintimal and intimal 
smooth muscle cells, whereas smooth muscle cell proliferation in the media 
was limited. The temporarily clipped carotid arteries demonstrated foci of 
mineralization in the adventitia and media, probably related to temporary 
occluding clip pressure. 

CONCLUSIONS 

Microarteriovenous fistulas (end-to-side) can be readily constructed by 
clips as a less tedious and surgically demanding procedure. Clipping is 
equivalent to suture with respect to patency as determined by angiography 
(100%) at 14 and 28 days. The angiographic appearance of the fistulas did 
not correlate with the histological appearance. The latter is complicated by 
explantation of fistulas from dense postoperative cervical surgical scars 
with artifactual trauma to the carotid artery and jugular vein. 

Study 5: Comparison of Suture and Clip for Venous 
Anastomoses: Diameter Mismatch 

Since the majority of clinical microvascular anastomoses occur between 
vessels of unequal diameter, the purpose of this study was to compare the 
ability of the surgical microclip vs. conventional micro suture for unequal 
diameter anastomoses. Experimental models consisted of venous and arte-
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rial interpositional grafts in the rabbit (femoral vein to femoral artery, 
carotid artery to femoral artery). 

MATERIALS AND METHODS 

Twenty-four adult New Zealand white rabbits (3.0 to 3.5 kg) had mis
matched interpositional grafts placed. Two separate groups were prepared 
and studied. 

Group I: Arterial Interpositional Grafts (12 Animals) 

Two carotid artery grafts, each 2 cm long, were obtained from one carotid 
artery of each animal and used as interpositional grafts in the femoral 
arteries of the same animal. Interposition of one graft was performed with 
surgical microclips and the other with standard microsurgical suture tech
nique. Ratio of outer diameters of femoral arteries to outer diameter of 
interpositional carotid grafts averaged 1 : 1.2. 

Group II: Venous Interpositional Grafts (12 Animals) 

One femoral vein was taken for two 1-cm interpositional vein grafts to both 
femoral arteries. Again, one side was sutured, the other microclipped. 
Ratio of femoral artery outer diameter to interpositional graft averaged 
1: 1.5. 

Explantation of all interpositional grafts took place at 21 days after 
surgery. Animals were reanesthetized and surgical exposure of the opera
tive femoral sites made to determine patency and explant the specimen. 
Patencies were determined by the "strip patency test." Specimens were 
harvested utilizing the glutaraldehyde formaldehyde fixation perfusion 
method described above. Specimens were embedded in glycol-metha
crylate and sectioned with a glass knife with clips in place. Rabbits were 
killed after explantation by a lethal dose of IV pentobarbital. 

RESULTS 

All of the clipped, mismatched venous and arterial grafts were patent at 21 
days with no evidence of false aneurysm formation or bleeding, as were all 
of the sutured venous and arterial grafts. Histologic examination of inter
posed sutured arterial segments at 21 days revealed foreign body granulo
mas about sutures, various amounts of thrombus formation about the anas
tomotic line, but apparent endothelialization and patency. Medial necrosis 
was noted at the sutured anastomotic site with proliferation of the adventi
tia. Clipped arterial grafts had minimal thrombus but medial necrosis and 
thinning at the clip site. Medial necrosis was noted randomly in the arterial 
grafts and could not be correlated with surgical technique. 

Venous interpositional grafts were all patent histologically without nar
rowing of anastomotic lumens. At 21 days the micro sutured venous grafts 
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were marked by severe medial atrophy without evidence of repair through 
the graft. Microsutures were enveloped by an intense foreign body reaction 
with collections of macrophages and giant cells as well as intimal prolifera
tion. The inflammatory reaction and medial necrosis were much less prom
inent in the micro clipped anastomoses with smooth endothelialization at 
the anastomotic site. Histologic examination (longitudinal sectioning) re
vealed endothelialization of the interposed clipped grafts with connective 
tissue replacement at the anastomotic line. Sutured anastomoses had 
healed with moderate inflammatory reaction and organized thrombus 
about the suture line. 

CONCLUSION 

Both suture and clip were equally effective for interposition of mismatched 
venous and arterial interpositional grafts. Patency rates of 100% at three 
weeks were noted. These results are equivalent to patency rates obtained 
by micro suture or glue (97% patency) for rat interpositional veins in the 
jugular system. Venous anastomotic inflammatory response was less strik
ing in clipped grafts than in sutured specimens. 

Study 6 
The purpose of this study was to compare the in vitro mechanical charac
teristics of clipped human saphenous vein anastomosed end-to-side to dis
eased human coronary arteries with those of the standard 7-0 polypro
pylene sutured anastomoses. These studies were performed on coronary 
arteries harvested from cadavers (3-7 days postmortem), rinsed with 
saline, and frozen for later use. Only vessels with significant atherosclerotic 
disease were used for the study. All saphenous veins were harvested from 
the distal lower extremities. 

METHODS AND MATERIALS 

In order to optimize mechanical strength comparisons of the two different 
anastomotic techniques, pairs of anastomoses were performed on segments 
of the same coronary artery. If the artery branched, an anastomosis was 
performed on each of the branching segments. By this method, each pair of 
anastomoses was performed on an artery with equivalent disease. Anasto
moses were generally constructed distal to any occlusive vessel disease, 
although some disease was usually present at the anastomosis site. 

Though it could be argued that clip anastomosis should be compared to 
an interrupted, sutured anastomosis, most coronary anastomoses in adults 
are performed with a running technique. Properties of the clip were thus 
compared to conventional suturing methods for a typical coronary artery 
anastomosis. Anastomoses were analyzed for their abilities to withstand 
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both a tensile force and excessive intraluminal pressures ("burst 
strength"). 

Cadaver coronary arteries, with internal diameters of 2.0 to 3.5 mm, and 
distal saphenous veins, 3.0 to 4.0 mm, were used for the experiments. All 
anastomoses were performed by connecting the vein end to the coronary 
artery side. The angle between the vein and artery at the anastomosis site 
was analogous to that used in clinical coronary bypass surgery. A con
tinuous suturing technique using 7-0 polypropylene monofilament suture 
was used. Average number of stitches per anastomosis was approximately 
15. The mezzoclip was used for all anastomoses. Average number of clips 
per anastomosis was approximately 16, slightly exceeding the average 
number of stitches in the sutured anastomoses. The microclip technique 
required that the vein and artery be everted and approximated prior to 
placement of the clip. No internal stents were used. 

RESULTS 

Coronary artery anastomoses are generally subjected to some tensile force 
as the heart moves during its contraction cycle. Therefore, it was felt that 
resistance to failure under tension for both techniques be compared. 

UNPRESSURIZED TENSILE FORCE 

In the unpressurized state, vein-artery specimens were subjected to a 
linear force along the line of the vein graft, until the anastomosis or one of 
the vessels failed. Coronary vessels were secured to a mounting board with 
18 g needles, and an increasing linear force was applied to the vein graft at 
the natural angle formed by the vein-artery interface. Linear force was 
generated by a water balance mechanism. With a constant flow of water 
into a reservoir, the rate of increase of force could be accurately main
tained (240 grams/min). At the point of disruption of the anastomosis or 
vessel, the flow of water was halted. By measuring the amount of water in 
the reservoir, the force of failure under tension could be determined. Any 
disruption of a suture line or a clip was noted as a failure of the anasto
mosis; linear tears in a vessel extending from the anastomosis were also 
noted as a failure of the anastomosis. 

The force of failure under tension in the unpressurized state is given in 
Table 37.5 for each pair of specimens tested. Specific information about 
the vessels, the anastomoses, and the mode of failure are given. Average 
force of failure under tension for the sutured vessels was 710 ± 93 grams; 
for the clipped vessels, the average was 479 ± 46 grams. 

If one divides failure force by the cross-sectional area of the coronary 
artery, one can derive a quasi-tensile force for each anastomotic technique. 
This assumes that the strength of a coronary artery is proportional to its 
cross-sectional area, and the artery is the weak link in the anastomosis (no 
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failure of an anastomosis was caused by failure of the vein graft). Tensile 
force of the continuous polypropylene anastomosis was 167 ± 28 grams/ 
mm2 and 110 ± 12 grams/mm2 for the interrupted clipped anastomosis. 

PRESSURIZED TENSILE FORCE 

Coronary artery anastomoses are not only subjected to tensile forces but 
also to the forces of transmural pressures. Failure force under tension was 
therefore measured for each anastomotic technique with the vein-artery 
system under a nonpulsatile pressure of 200 mm Hg. The identical water 
balance was used to apply a linear force to the vein graft. 

A cannula was placed in the distal limb of the coronary artery so that a 
flow of normal saline could be used to pressurize the system. A second 
cannula: was placed in the proximal limb of the artery for the purpose of 
pressure monitoring. This second cannula was connected to a Gould DTX 
pressure transducer. Output from the pressure transducer was connected 
to a PC computer via an analog-to-digital converter. 

After stabilizing intraluminal pressure of the vein-artery specimen, an 
increasing tensile force was applied to the vein graft (240 grams/min). Indi
vidual failure forces and modes of failure are given for each pair of speci
mens tested in Table 37.6. Average force of failure under tension in the 
pressurized state was 631 + 70 grams for sutured anastomoses and micro
clip anastomoses, respectively. Tensile force (failure force/cross-sectional 
area of the artery) was 108 ± 21 grams/mm2 for sutured anastomoses and 
114 ± 16 grams/mm2 for clipped anastomoses. 

BURST PRESSURE 

Resistance to excessive intraluminal pressures was determined for each 
anastomosis technique. Pressure was applied to a cannula inserted into the 
lumen of the vein graft. A second cannula was placed in the distal limb of 
the artery and connected to a mechanical pressure gauge (USG 0-40 psi). 
The proximal limb of the artery was cannulated with a plugged cannula. 
The pressure gauge was calibrated using a 25-foot water manometer; 
accuracy was determined to be ±0.5 psi. A limitation to the amount of 
pressure that can be applied to the vein-artery system is the leak rate of the 
anastomosis. Although inlet pressure can be increased to compensate for 
leakage, eventually the inlet cannula's internal diameter becomes the limit
ing factor to the amount of pressure that can be delivered to the system. 

In burst pressure tests, very few actual disruptions of anastomoses oc
curred, even at very high intraluminal pressures (many times the maxi
mum pressures encountered clinically). Only a single pair of anastomoses 
failed before limits of applied intraluminal pressure were reached. In this 
pair of specimens, the sutured anastomosis failed at 10 psi, and the micro
clip anastomosis failed at 8 psi. Coronary arteries used for this particular 
test pair had extensive disease and required an endarterectomy before 
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preparing the anastomoses. Despite this fact, burst pressures of the anas
tomoses far exceeded clinical systolic blood pressures (200 mmHg = 3.86 
psi) (Table 37.7). 

If one assumes that the maximum pressure that could be delivered to a 
particular set of vein-artery specimens was the actual anastomosis burst 
pressure, average burst pressure for each technique was virtually equiva
lent (polypropylene continuous suture 15.5 ± 2.3 psi, interrupted mezzo
clips 15.5 ± 2.7 psi). 

Conclusions 
Tensile strength of the interrupted clipped anastomosis in an unpressurized 
vessel is significantly less than that of a running polypropylene sutured 
anastomosis. The sutured anastomosis has approximately 50% greater ten
sile force than the mezzoclipped anastomosis. 

When intraluminal pressure is applied to the vein-artery system, the 
microclip anastomosis gains strength as compared to the unpressurized 
state. There was no significant difference in tensile strength of the two 
anastomosing techniques in the pressurized state. Pressurizing the vein
artery system allows a more even distribution of tensile force around the 
entire circumference of vein artery anastomoses. More clips contribute to 
the anastomosis strength. No increase in tensile strength was noted in the 
polypropylene anastomosis. 

Resistance to failure due to excessive intraluminal pressures was iden
tical for both techniques. In most cases, the pressure needed to disrupt 
the anastomosis could not be achieved because of high resistance to flow 
within the vessels and high leak rates of anastomoses. Nevertheless, both 
anastomotic techniques have a high resistance to failure under pressure. 
Typical systolic arterial blood pressures are less than 4 psi. The only 
mezzoclipped anastomosis that failed did so twice at normal systolic blood 
pressure (>400 mmHg). These in vitro studies provide clear evidence that 
the interrupted mezzoclip application does not result in a significant re
duction of mechanical anastomotic strength in comparison to conventional 
suture. 

Clinical Application of the Clip 

Access Surgery 
The first systematic clinical application of the clip was for construction of 
autologous arteriovenous fistulas for hemodialysis. This venous reconstruc
tion was selected because of the relatively high early failure due to throm
bosis (16-20% during the first year),19 minimal threat to life or limb, and 
the potential for noninvasive monitoring of fistula dimensions and flow 
rate. In order to design a clip for human arteriovenous fistulas, multiple 
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TABLE 37.8. Types of macroclipped subcutaneous A-V fistulas n = 20 (August 
1988-December 1989). 

Brescia-Cimino (radial artery to cephalic vein) 
(end-to-side) 

Brachial 
Brachial artery to basilic vein 
Gore-Tex prosthesis 

5 

12 
3 

measurements of human brachial arteries and cephalic veins were made. 
These measurements were made at surgery with calipers, and the results 
compared to dimensions obtained from study of formalin-fixed, stained 
surgical specimens. Wall thickness measurement of the brachial artery at 
the elbow ranged between 1.4 to 0.8 mm, cephalic veins from 0.11 to 0.64 
mm. Accordingly, the "macroclip" was designed (Fig. 37.6) with a space 
between the clip tips of 2.0 mm. It should be noted that measurements with 
micrometer oculars on formalin-fixed materia averaged 9-22% greater 
than gross measurements. This observation is consistent with measure
ments of wall thickness of unfixed rabbit femoral arteries in which histolo
gic measurements after fixation average 16% greater. 

This clinical study was initiated on August 2, 1988, at the Nephro
ligisches Zentrum Niedersachsen, Werra-Fulda-Klinic, Hann-Munden, 
West Germany (Prof. Dr. E. Quellhorst, Director) and has continued 
for the past 17 months. Drs. Winfred Schott and Kurt Rohwer performed 
all the procedures after being trained in the use of the clip. All the pro
cedures were performed on patients whose A-V access procedures had 
failed on at least one occasion with conventional suturing methods and 
who had given informed consent. In most cases, there had been more than 
one thrombotic failure. Between August 1, 1988, and December 1989 a 
total of 77 arteriovenous fistulas were performed on 64 patients. Twenty 
patients with previous suture failures have had macroclipped arterio
venous fistulas (Table 37.8). 

All the clipped fistulas have thus far remained patent and in steady use 
for hemodialysis with the exception of one patient. This man died four 
months after the procedure of myocardial infarction. The fistula was patent 
up to death. In one case (basilic-vein to a brachial artery), a postoperative 
subcutaneous hematoma required draining 24 hours after surgery. The 
fistula was noted to be blood-tight at reexploration. The only complication 
of note was slow and progressive growth of two clipped fistula sites that 
increased the minute shunt volume to the point of creating a peripheral 
"steal" syndrome. In these two cases it was necessary to reexpose the fis
tula and narrow the anastomoses with suture. Spontaneous narrowing of a 
clipped anastomosis has not yet been observed. This phenomena of pro
gressive fistula growth observed with clips may be beneficial when utiliz
ing clips for anastomoses in the distal forearm or creating angioaccess in 
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FIGURE 37.13. Construction of a Gore-Tex subcutaneous prosthetic basilic vein to 
brachial artery arteriovenous access fistula with clips. An 8 mm thin wall PTFE 
bioprosthesis is being macroclipped end-to-side to the basilic vein. 

small diameter (1 mm) vessels of children. Operative photographs of the 
creation of a basilic artery to basilic vein Gore-Tex end-to-side prosthetic 
fistula with macroclips is given in Fig. 37.13. 

In the same period of time (August 1988-December 1989), 57 arteriove
nous fistulas were created by conventional suture, 42 at the wrist (Brescia
Cimino) and 15 at the brachial level. Early thrombosis (within six months) 
was noted in nine patients or 11 %. This study remains in progress and the 
results are under continuous review. Provisional conclusions are that 
clipped fistulas have a lower early thrombosis rate than those made with 
conventional sutures and can exhibit progressive enlargement rather than 
stenosis. 

Free Flap Reconstructions 
The transposition of large composite tissue blocks to fill extensive body 
defects is dependant on the successful reconstruction of micro arterial and 
microvenous anastomoses. The clip has been used with great success in 15 
cases and enables the rapid assembly of venous and arterial vascular con
nections, thus reducing the warm ischemia time of the transpoised tissue 
block. The first successful application of the "Kirsch clip" for a free-flap 
transfer was conducted by Dr. Martyn Webster at the Canniesburn Hos-
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FIGURE 37.14. End-to-end free flap venous anastomoses with mezzoclips (free flap 
Case 1 from text). Twelve mezzoclips were utilized and a "blood-tight" anastomosis 
accomplished in eight minutes. The veins were 3.0 mm in diameter (venae com
itantes) and 2.5 mm O.D. (posterior tibial vein). 

pital, Glasgow, Scotland. This procedure, a breast reconstruction, was 
performed on closed circuit television for the participants of the 
Microsurgical Society Meeting (January 1991). Dr. Webster's experiences 
with the clip have been uniformly positive with eight free-flap transfers. 
Dr. Webster feels that the clip offer significant advantages in terms of 
speed and precision of the anastomotic portion of the free flap transfer. 
The remainder of the other clip mediated free flap transfers have been 
accomplished at the University of California Irvine (Dr. David Furnas) 
and Lorna Linda University (Dr. Robert Hardesty). 

Details of Hardesty's (Cases 1, 2) cases are given below to illustrate 
other clinical experiences . 

Clinical Applications of the Non-penetrating 
"Kirsch" Clip 
CASE 1: FIGURE 37.14 

A 68-year-old diabetic woman with an 8 cm by 7 cm ulcerated osteomyeli
tic lesion of the left tibia and fibula had transfer of a rectus abdominous 
muscle flap to cover the defect. The anterior tibial artery and two vena 
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comitantes were isolated in the leg, and joined end-to-side to the epigas
tric artery and to the vena comitantes of the rectus abdominous muscle. 
Warm ischemia time for the flap was 98 minutes: suturing time: tibial to 
epigastric artery, 30 minutes; one posterior tibial vena comitante to one 
rectus vena comitante, 25 minutes; the third anastomoses of the post
tibial and rectus vena comitante was done with mezzoclips, eight minutes. 
The muscles were covered with split skin. The flap remains viable. 

CoMMENT 

This case illustrates the advantage offered by the clips in shortening the 
duration of the anastomotic procedure, particularly for the venous anas
tomoses. This reduction of warm ischemia time can contribute to flap sur
vival, but more importantly the troublesome venous anastomosis is sim
plified. 

CASE 2 

A 72-year-old male with metastatic squamous carcinoma of the right buc
cal cavity with dissemination into the mandible had been previously 
treated with a right radical neck dissection, mandibulectomy, and 5000 
rads of local irradiation. The extensive ulcerating lesion was debrided 
with a right radical neck dissection. Reconstruction of the oral cavity and 
neck was attempted with a transverse rectus ·abdominus myocutaneous 
flap. The right common, internal, and external carotid artery were pro
foundly atherosclerotic and diseased secondary to irradiation. The supe
rior thyroid artery was opened and found to be totally occluded. The flap 
was placed into position and a venous anastomoses between the rectus 
vena comitantes was promptly established by mezzoclips end-to-side to 
the right internal jugular vein. The end-to-side clip anastomoses of veins 
required 6 minutes. The markedly atheromatous, and almost totally 
occluded, external carotid stump was then clipped end-to-end to the rec
tus arterial supply. Flow through the flap was adequate for 15 minutes 
and then stopped. The arterial anastomotic site was occluded with fresh 
thrombus, particularly proximally. The arterial anastomoses was then re
structured with 8-0 nylon and blood flow was temporarily restored to 
the flap with excellent venous drainage. The arterial anastomoses throm
bosed again after a ten minute interval. A third attempt to estahlish an 
arterial supply to the free flap was made by attempting a microsutured 
anastomoses end-to-side to the right common carotid artery. The artery 
was severely atherosclerotic and a limited endarterectomy was performed 
before establishing a microsutured anastomoses. Perfusion was restored 
to the flap for about ten minutes with excellent venous drainage, but again 
the arterial anastomoses thrombosed. The free flap was then abandoned 
and coverage was accomplished by a pectoral flap. 
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COMMENT 

Case 2 is the only failure to restore circulation with either clips or sutures 
in a free flap transfer. The case demonstrates the futility of attempting to 
access an exceedingly diseased arterial supply to a free flap. In retrospect, 
the external carotid artery should have been endarterectomized at its 
origin or an interpositional venous graft should have been placed. The re
markable fact is that the clipped venous anastomoses did not occlude and 
reopen with arterial perfusion. This event would be unusual in a sutured 
venous anastomoses. 

Venous Hypertension and Valve Reconstruction 
Drs. Nicholas Wilson and Derek Rutt of the St. Thomas's and Guy's Hos
pital, London, England (laboratory of Dr. Norman Browse), have been 
introduced to the clip concept and trained in its use. This group of investi
gators have devised a new procedure for creation of valves in incompetent 
lower extremity veins based on use of the nonpenetrating mezzoclip. Their 
experience with this new procedure for venous hypertension of the lower 
extremities was presented in January 1990 at a meeting of the British Sur
gical Society and details are in press. I6 This procedure fails with sutures 
because of intimal damage. 

Conclusions 
In experimental models of venous reconstruction encompassed by this 
study (rat, rabbit), the nonpenetrating clipped anastomosis proved to be 
both technically and biologically s~perior to conventional needle and su
ture. The advantages of the clip for venous reconstructions can be summa
rized as follows: 

1. The anastomosed vein wall is rapidly restored morphologically to its 
preoperative state-with microsutures the wall is never fully restored. 

2. Endothelialization of the anastomotic site occurs within one week with
out evidence of intimal hyperplasia. This time course is consistent with 
previous reports of the time for vein anastomotic site endothelialization 
with the Nakayama ring. IS With suture, and particularly suture error, 
endothelialization of the anastomotic site may be delayed two to three 
weeks or may never occur when associated with myointimal overgrowth 
and platelet adherence. 

3. With microclips, endothelialization begins at the anastomotic cleft. This 
observation fits with the hypothesis that endothelium is regenerated 
from multipotential cells derived from the blood stream as well as from 
in-growth replacement. 20 

4. Mechanical properties of the clipped anastomosis, including patency, 
tensile strength, and burst strength, are equivalent to, or superior to, 
results with microsuture. 



462 Yong Hua Zhu and Wolff M. Kirsch 

5. The technique is adaptable to vessel caliber and wall thickness mis
match, end-to-side anastomoses, and bioprosthetic vessel insertion. The 
technique is more rapid and reproducible than suture. 

Biological advantages of the clip appear to reside in the fact that intima 
is not penetrated and there is no foreign body within the vessel lumen. The 
remarkable adhesive properties of coapted, flanged intima (arterial and 
venous) provide an immediate "blood-tight" anastomosis in contrast to 
suture. Sutures result in an immediate intraluminal fibrin-platelet 
coagulation at the point of intimal injury that can readily propagate into 
a thrombus. The clipped anastomosis is devoid of this response, a 
platelet-mediated simulation of smooth-muscle cells and so-called "myo
intimal" proliferation.21 ,22 There is now evidence that endothelial re
growth in injured rat and rabbit arteries is inhibited by the presence of 
luminal smooth-muscle cells,23 a mechanism conceivably responsible for 
progressive compensatory myointimal proliferation and subsequent vein 
occlusion. 

An important question raised by the nonpenetrating clip's effectiveness 
for venous repair is definition of the mechanism for the observed rapid 
healing and vein wall remodeling. What molecular factors govern the func
tional reorganization of endothelial lined surfaces when held in close con
tact but not traumatized by penetration? This wound healing takes place 
without cellular proliferation and with the apparent maintenance of cellu
lar function. Thus, the nonpenetrating clip provides an interesting model 
for study of in vivo wound healing-particularly the venous and arterial 
endothelium. Our findings confirm previous observations of Lidman and 
Ostrop, who noted rapid venous endothelialization after intima-to-intima 
coaption without penetration. IS 

The vascular endothelium is a large expanse of tissue, in the order of 
6 X 1013 cells or approximately 1000 grams in weight, about the number of 
cells in a small organ.24 The vascular endothelium, and particularly venous 
endothelium, must exert moment-to-moment control of two diametrically 
opposed functions: preventing thrombosis during sluggish, hypoxic blood 
flow conditions and initiating thrombosis of blood in the event of a leak. 
Only recently have macromolecular products of subendothelial collagens 
and endothelial cells themselves been identified and their physiologic func
tions defined.25 The nonpenetrating clip may provide new experimental 
avenues to define the role of these molecules in healing of venous and 
arterial wounds. 
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38 
Budd-Chiari Syndrome (How I Treat 
It) Personal Experience of 250 Cases 

ZHONGGAO WANG 

Introduction 

Budd-Chiari syndrome (BCS) is a disease of hepatic venous outflow dis
turbance caused by occlusion of the hepatic veins (HVs) and/or the re
trohepatic segment of the inferior vena cava (lVC) proximal to the hepatic 
venous ostiae. BCS is characterized by clinical manifestation of portal 
hypertension either with or without IVC hypertension. It was first de
scribed by Budd in 1845 and by Chiari in 1899, and it was thought to be a 
rare disease. Hepatophlebo-vena caval occlusive syndrome might be a 
better name for this disease entity. Due to a lack of knowledge of the etiol
ogy and epidemiology of this disorder, preventative measures are not 
available. Methods of treatment have been far from uniformly satisfactory. 
Prognosis is poor if no proper corrective means is instituted. Increasing 
awareness of this syndrome and rapid development of vascular imaging 
technology during the last decade have resulted in an increased rate of 
discovery of this disease in some countries. This paper presents our clinical 
experience in the management of 250 such patients along with our work on 
the experimental and epidemiological aspects of this disease and reviews of 
the related world literature. 

Material and Methods 

Epidemiological Study 

The distribution of 250 cases treated by the author was analyzed geographi
cally. A formal epidemiological study was carried out in 1988 in Dongping 
County, Shandong Province, China, which has some 680,000 inhabitants. 
The county was chosen as an example of typical Chinese demographic 
characteristics. Three towns (total population 100,680) were selected as 
geographically representative samples of the target county. Every inhabi
tant of these towns was screened by the author's team for symptoms and 
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signs relevant to BCS. The team was composed of 15 medical workers 
using a questionnaire and standardized examination format. Firm diagno
sis was made by means of a hierarchical series of investigations consisting 
of ultrasonography, venography, and laparotomy. At the county level, 
practitioners from 10 hospitals received specific diagnostic training from 
the author's team and were issued the standardized questionnaire and ex
amination format. These were employed as the method for discovering 
BCS patients within the catchment of each hospital. All discovered cases 
were treated by the author's team. 

Animal Experiment 
An animal model of BCS was created in 4 male mongrel dogs. Under in
traabdominal anesthesia of pentobarbital (20 mg/kg), a right thoracotomy 
through the 7th intercostal space was performed, and the supradia
phragmatic IVC was partially ligated to about 30% of the original diam
eter. All animals developed marked hepatomegaly, varicose veins on the 
abdominal wall, and ascites appeared on the third postoperative day. 
Pressure of the IVC increased 8.3 cm water column, from 7.90 ± 1.33 to 
16.2 ± 5.76 (p < 0.05), and that of the portal vein 12.4 cm water column, 
from 16.8 ± 5.56 to 30.0 ± 1.87 (p < 0.01). All the dogs were cured of the 
disease by either balloon dilatation or cavoatrial shunt. 

Another 21 dogs were used to investigate suitable IVC shunting grafts. 
Partial IVC was resected and replaced by Meadox Double Velour, knitted 
Dacron graft 5 cm in length and 10 mm in diameter. Among them, 12 grafts 
were seeded with Factor VIII antigen-positive, autogenous endothelial 
cells (ECs) derived enzymatically (collagenase) from the Qmentum (den
sity was 7.0 ± 2.1 x 105 ECs per square centimeter of graft surface) before 
implantation. These served as an experimental group in which 3 samples of 
graft were harvested at 7 days and 9 samples at 100 days following surgery. 
The other 9 grafts received only a serum pre clotting (sham seeding) and 
served as a control group. A distal arteriovenous fistula (A VF) was cre
ated, and it functioned for 1 week in all animals. 

Additionally, 42 male mongrel dogs were used for investigation of en
dothelial seeding effect on different materials and configurations of the 
grafts. 

Clinical Experience 
Two hundred and fifty cases of BCS were admitted to the Department of 
Vascular Surgery in the Peking Union Medical College Hospital, the Bei
jing Heart Lung Blood Vessel Medical Center Anzhen Hospital, and 
another 13 hospitals between December 1982 and March 1991, all treated 
by the author himself. There were 165 males and 85 females, with a male to 
female ratio of 1.94: 1. Ages ranged from 2.5 years to 65 years with an 
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average of 33.3 years. Symptoms had been present for periods ranging 
from 3 days to 26 years. All cases were confirmed by B-ultrasonography, 
venacavography, or hepatovenography through the femoral venous 
catheterization or the percutaneous transhepatic approach. Ten patients 
underwent splenopneumopexy, omentopneumopexy, azygoatrial shunt, 
cavoatrial shunt, meso atrial shunt, membranotomy, splenectomy, balloon 
dilatation, etc., in other hospitals prior to admission. 

Various operative methods, from symptomatic to radical treatment, 
were employed in this study. Graft materials used for the shunting proce
dures were woven Dacron (14 mm to 22 mm in diameter, made in China), 
Gore-Tex graft (external ring enforced, 16 mm in diameter, made in 
USA), Vascuteck external ring, supported knitted graft (made in Scot
land), polytetrafiuoroethylene (PTFE, made in Shanghai) graft with exter
nal ring (14 mm or 17 mm in diameter), composite spiral saphenous vein 
graft, and saphenous vein. Stainless steel spiral external support, combined 
with Chinese-made Dacron and Meadox Double Velour, knitted Dacron 
grafts, were also used. Among them, 8 Chinese woven Dacron grafts, 1 
Meadox graft, and 1 Vascuteck knitted product were pretreated with EC 
seeding technique prior to implantation. 

Conservative management was mainly composed of symptomatic treat
ment, urokinase, or Chinese herbal medicine and was reserved for those 
cases who refused surgery, presented at an acute stage, or who belonged to 
the endstage cases incapable of tolerating surgical intervention. 

Follow-up study was regular review of all patien.ts, including venography 
in 50 patients, superior mesenteric arteriography in 3, and ultrasonography 
in all shunting cases. 

Results 

Distribution of the 250 cases is shown in Fig. 38.1, in which each point 
represents a patient. It was clear that the most concentrated prevalence of 
BCS is along the lower reach of the Yellow River and is somewhat corre
lated to a high-incidence area of esophageal carcinoma. In addition to the 
author's series of 250 cases in this high-prevalence area, there were at least 
a dozen hospitals that discovered or treated from 20 to 100 such cases each 
in the recent 3-year period. In one village, with a population of less than 
900, 4 cases were screened out. In the author's series, 2 IVC web patients 
are brothers. 

The epidemiological survey in Dongping County found a total of 44 BCS 
patients, for a prevalence or 6.5 per 100,000 population, and in the 3 
towns, the prevalence was 12 per 100,000. There were 29 males and 15 
females. Their ages ranged from 21 years to 57 years with an average of 
38.5 years. Symptoms had been present between 3 months and 15 years, 
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with a mean of 3.1 years. Membranous obstructions were confirmed by 
surgery in 5 cases (11 %). 

All dogs in the animal experiments recovered following corrective man
agement. Elevated IVC and superior mesenteric vein (SMV) pressures 
were reduced to 7.15 ± 0.87 an~ 15.75 ± 5.12 cm water column, respective
ly, which are within the normal range, and clinical signs disappeared within 
a week. For the EC seeding study, 3 seeded grafts were harvested at 7 days 
and 9 grafts at 100 days following implantation; 9 control grafts were all 
procured at 100 days. A completely confluent endothelial lining had 
formed and was confirmed in all grafts tested at 7 days following implanta
tion. All seeded grafts (9/9) and only 2 control ones (2/9) were patent 
(p < 0.001), and the neointimal thickness was significantly thinner in the 
former (302.0 ± 106.1 microns) than in the latter (783.1 ± 84.2 microns) 
(p < 0.01). Thus an increasing patency and inhibition of neointimal hyper
plasia of vena caval, knitted Dacron prosthesis was achieved by high densi
ty seeding of the omentum-derived autogenous Factor VIII positive ECs. 
It was also found that an early endothelialization at 10 days after inser
tion of EC-seeded implants was established in the high porosity, knitted 
Dacron (12/12) and PTFE (4/4) grafts, but not in the silk (0/4) and 
woven Dacron (0/4) grafts. 

Clinical findings and underlying pathology are listed in Tables 38.1 and 
38.2. The superior vena cava (SVC) occlusive syndrome accompanied 10 
cases (4%) in this series. 

Eight pathological categories and the number of patients in each of them 
are shown in Fig. 38.2. These 8 are: 1) incomplete IVC web, 2) complete 

TABLE 38.1. Clinical fiinrlings (N = 250). 

Classification Cases Percentage (%) 

Thoraco-abdominal varicose veins 231 92.4 
Edema of lower extremities 197 78.8 
Labial/scrotal edema 19 7.6 
Hepatosplenomegaly 235 94.6 
Ascites 164 65.6 
Esophageal varices 125 50.0 
Hematemesis 64 25.6 
Exertion palpitation 102 40.8 
Hepatic coma 12 4.8 
Oliguria 124 49.6 
Abdominal wall hernias 23 9.2 
Gynecomastia 16 6.4 
Jugular enlargement 12 4.8 
Pleural effusion 34 13.6 
Cachectic appearance 72 28.8 
Albumin/globulin reversal 49 19.6 
Abnormal liver function tests 42 16.8 
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TABLE 38.2. Etiology (N = 250). 

Classification 

rvCweb 
"Thrombosis" 
"Vasculitis" 
Liver cirrhosis 
Malignancy 
External compression 
Behcet's syndrome 
Pregnancy 
Polycystic disease of liver 
Inflammatory constriction of IVC 
Chronic myeloid leukemia 
Polycythemia 
Malconnection of IVC 
Cause unknown 

Total 

Cases 

102 
73 

5 
4 
3 
3 
2 

1 
1 

52 

250 

Percentage (%) 

40.8 
29.2 

2.0 
1.6 
1.2 
1.2 
0.8 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 

20.2 

100.0 

Ive web, 3) localized Ive stenosis, 4) localized Ive occlusion, 5) long 
segment Ive constriction, 6) long segment Ive occlusion, 7) occlusion of 
HVs, and 8) occlusion of hepatic venules. 

12 81 17 

47 

FIGURE 38.2. Pathologic classifications showing Types I to VIII, from left to right, 
together with the numbers of cases. 



470 Zhonggao Wang 

TABLE 38.3. Gradation of severity of BCS. 

Stage II III IV 

Life quality Good Fair Poor Worse 
Ascites None or Moderate Severe Extreme and 

slight uncontrollable 
Esophageal None or Moderate, Severe or Acute 

varices slight no bleeding bleeding hematemesis 
episodes 

Serum albumin >3.5 3.4-3.0 2.9-2.5 <2.4 
(g%) 

Bilirubin <1.2 1.3-2.4 2.5-2.9 >3.0 
(mg%) 

Nutritional Good Fair Poor Malignant 
status appearance 

Operative risk Good Moderate Poor Very poor 

Gradation of Lesions 
In order to judge the severity level of patients and to approximately predict 
prognosis and surgical outcome, 4 stages were defined, as described in 
Table 38.3. There were 29 (11.6%) Stage I patients who had basically no 
symptoms or barely noticeable ones; 79 (31.6%) Stage II cases had mild to 
moderate ascites or esophageal varices; 72 (28.8%) Stage III cases had 
either distinct ascites, marked esophageal varices, or poor general condi
tion; 70 (28.0%) Stage IV cases were of very poor constitution, suffered 
attacks of hepatic coma or acute massive hematemesis, or had albumin 
levels below 2.4 g% or bilirubin above 3 mg%. 

Conservative Therapy 
In 40 nonoperative cases, conservative therapy was used. The only positive 
result was marked relief of ascites in one patient; 13 patients died of late 
complications, such as hepatorenal failure, hematemesis, or septicemia of 
Pseudomonas aeruginosa. All 13 cases who died within 6 months after final 
diagnosis were in the Stage IV lesion group. Mortality for Stage IV nonsur
gical patients was thus 87% (13/15) in this series. 

Surgical Treatment 
The remaining group of 210 cases had surgical treatment. Table 38.4 indi
cates the outcome of the various operative procedures. A good result was 
defined as complete resolution of ascites, edema of the lower extremities, 
and esophageal varices. A fair result indicates relief but incomplete resolu
tion of symptoms and signs. A poor result represents little change in pa
tient condition. 
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TABLE 38.4. Therapeutic approaches and results (N = 210). 

Died 

Classification Good Fair Poor Rec* Op** Late Total 

Mesoatrial shunt 35 4 5 6 1 51 
Splenoatrial shunt 1 1 
Membranotomy 25 6 3 7 1 2 44 
Cavoatrial shunt 29 2 1 4 2 1 39 
Balloon catheter 

dilatation 12 5 4 1 22 
Radical resection 14 3 1 1 1 20 
Mesocaval shunt 6 1 2 11 
Mesojugular shunt 4 1 5 
Mes~cavoatrial shunt 3 3 
Mesoatrial & 

innominate-atrial shunt 2 2 
Membranotomy & 

innominate-atrial shunt 1 1 
Splenorenal shunt 2 1 3 
Cavoazygous shunt 1 1 
Splenectomy & embolization 

of left gastric vein 
Thoracic duct-internal 

jugular vein reanastomosis 1 
Cephalofemoral shunt 1 
Releasing external com-

pression (+ dilatation) 2 1 3 
Mesoinnominate shunt 1 1 

Total 133 27 9 18 15 8 210 
Percent 63.3 12.9 4.3 8.6 7.1 3.8 100 

* Recurrent. 
* * Operative death. 

Postoperative Complications 
Fifteen patients died within 30 days following surgery, an operative mortal
ity of 7.1 %. Postoperative complications are listed in Table 38.5. Chylous 
hydrothorax was resolved by paracentesis of the thoracic cavity and infu
sion of tetracycline or "fever" therapy induced by intramuscular injection 
of sterilized fresh milk. For chylous ascites, parenteral nutrition of approx
imately 1 month was given. Other complications were resolved uneventful
ly with appropriate therapies. 

Continuing follow-up of operative survivals has been conducted by 
letter, ultrasonography (Fig. 38.27, 38.28), cavography (Fig. 38.19), 
portovenography (Fig. 38.24), or superior mesentery arteriography (Fig. 
38.21). To date, the mean follow-up period is 32 months, with the longest 
more than 8 years. Good results have been achieved in 63.3% of the pa-
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TABLE 38.5. Postoperative complications (N = 210). 

Classifications Number of cases % 

Cardiac insufficiency 46 22.0 
Encephalopathy 11 5.3 
Pleural effusion 10 4.8 
Chylous ascites 7 3.3 
Hemothorax 6 2.9 
Chylous thorax 3 1.5 
Hydromediasternum 2 1.0 
Atrial premature 2 1.0 
Stress ulcer 2 1.0 
Pulmonary abscess 1 0.5 
Hepatitis B 1 0.5 
Cardiac tamponade 1 0.5 

tients and fair results in 12.9%. Thus, the operative outcome was effective 
in 76.2%. In one female patient, graft patency was maintained through 
pregnancy and the child is now 6 years old. Among 8 late deaths, 4 were 
due to other causes. Of these 4, 2 shunting grafts and 1 membranotomized 
IVC were patent; the 4th graft was compressed by an expanding liver carci
noma. The other 4 late deaths were due to graft occlusion or hepatorenal 
failure. Seven shunting grafts were revised because of their occlusion, re
sulting in 6 successes and 1 death. Five-year patency of the mesoatrial 
shunt (37/39, 29/33, 19/25, 15/21, 10114), the cavoatrial shunt (26/30, 16/22, 
8/14,4/8,2/4), and membranotomy (25/34,22/31,16/25,8112,6/9) is shown 
in Fig. 38.3. Patency was confirmed by ultrasonography in most cases. 

Discussion 

Historical Review 
Since Budd described a case of hepatic venous thrombosis due to liver 
abscess in 1845 and Chiari described three cases of hepatic venular throm
bosis or obliterative thrombophlebitis of unknown cause in 1899,1,2 the 
initial concept of Budd-Chiari syndrome was established. It represented 
mainly the status of thrombotic obstruction of the intrahepatic veins and 
was claimed as a very rare disease for many decades. With increasing 
awareness of this disease and the development of medical imaging facili
ties, more and more cases have been discovered in many countries. The 
spectrum of this disorder has been expanding to include any clinical entity 
that may cause an outflow blockage of the liver sinusoidal bed, resulting in 
portal hypertension with or without IVC hypertension. Thus, in addition to 
pure obstruction of hepatic veins (HVs) or hepatic venules, obstructions of 
the hepatic portion of the IVC and the right atrial orifice of the IVC, as 
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FIGURE 38.3. Five-year patency curves of meso atrial shunt (M-A), cavoatrial shunt 
(C-A), and membranotomy (MEM). 

well as multiple-positioned obstructions of the vena cava, and HVs were 
added to this disease entity. Those derivative types involving IVC became 
predominant in Eastern countries and South Africa. The disease even in
volves the SVC in a small number of patients, such as the 10 (4%) in this 
series of patients. Thus a new name, hepatophlebo-vena caval occlusive 
syndrome, has been suggested or advocated.3 ,4 

In order to resolve this entity, Kimura first reported a membranotomy 
through the right atrium by finger fracture in 1963,5 and O'Hara the 
cavoatrial shunt, also in 1963.6 Hirooka and Kimura suggested 7 patholo
gical classifications in 1970.7 Victor introduced a retrohepatic cavoatrial 
bypass to treat BCS in 1974.8 Yamamoto used the azygocaval anastomosis 
as a means for relieving BCS in 1969.9 Putnam reported treating BCS with 
liver transplantation in 1976.10 Akita first employed splenopneumopexy in 
1980.11 Cameron first created a mesoatrial shunt in 1983. 12 Senning re
ported a transcaval posteriocranial resection of the liver as treatment of 
BCS in 1983.13 Eguchi and Yamada reported transluminal balloon dilata
tion to treat BCS in 1974 and 1983, respectively.14.15 Franco reported a 
porto atrial shunt for treating BCS in 1986.16 

In Japan, there were 192 reported cases before 1988. 17 In China, the first 
case was reported in 1957. Sun reported cavoatrial shunt in 1982.18 Liu 
performed splenopneumopexy in 1982. Wang carried out finger membra
notomy in 1982, mesoatrial shunt in 1983, transluminal balloon catheter 
membranotomy in 1984, splenoatrial shunt in 1985, radical resection in 
1986, and mesojugular shunt in 1990, all being the first in China. 19 
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Epidemiology 
BCS is relatively more common in East Asia than in the Western world. 
There were 239 cases reported in China before early 1988. The first Inter
national Symposium on Budd-Chiari Syndrome was held in September 
1988 in Jinan, China, and 25 Chinese hospitals presented a total of 566 
cases during the symposium. It is estimated that 500 new cases have been 
discovered since then. The highest prevalence has been in the area of the 
lower reach of the Yellow River. Reasons for the high incidence of BCS in 
this area of China and in East Asia in general are worthy of further inves
tigation. The study conducted in Dongping County, China, seems to be the 
only epidemiological study available to date. It might be a good idea to 
conduct an internal cooperative study on this aspect. Perhaps that will be 
one outcome of the Second International Symposium on Budd-Chiari Syn
drome in Kyoto, Japan, October 6-9, 1991. 

Etiology 
Etiology of BCS in Western countries is usually thrombosis or hyper
coagulable status. In South Africa, an alarming incidence of 47% (48 out of 
101 cases) of hepatic cellular carcinoma was reported in patients with 
Budd-Chiari syndrome.2o In Eastern countries, however, the predominant 
cause is webs or membranes of the IVC, especially noted in Japan, China, 
and India.6 ,8,21-23 This author's series reported 40.8% with membranous 

FIGURE 38.4. Cavography showing a malalignment of the lVe. 
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FiGURE 38.5. Bidirectional vena cavography showing a membranous obstruction of 
the IVe. 

obstruction of the IVe. The majority of these membranes were located at 
the level between the 8th and 9th thoracic vertebrae. Fig. 38.4 shows a 
malalignment and Fig. 38.5 and 38.6 show a thick membrane and a dome
like membrane with striking dilatation of the IVe in which filling defect 
(thrombus) is revealed. Fig. 38.7 shows an autopsy sample in which a dif
fuse thrombus occupies the entire lumen of the IVe and a membrane is 
located just on the top of it. Figure 38.8 indicates different appearances 
and corresponding numbers of cases of IVe webs found in the author's 
series. One or more holes were present in 12 cases. Two brothers in the 
same family suffered from IVe webs. Evidence from all these cases sup
port the congenital etiology of IVe webs. 

Pathogenesis of IVe membranes may originate from: 1) a previous 
sieve-like obstruction of the IVe, in which the holes gradually become 
sealed as the body grows and develops; 2) failure of amalgamation of the 
right subcardial vein with the common HVs during the embryonic 
stage;24,25 3) mal alignment of embryonic IVe blocks; 4) malformation of 
the Eustachian valve;21 ,24 5) the possible similarity in accordance with 
formation of the congenital atresia ani, biliary tract atresia, hymenal atre
sia, and other congenital lesions;26 or 6) a process of obliteration of the 
ductus venous may extend into the IVe, producing obstruction of the 
IVe,? Needless to say, in addition to IVe malformation, any other patho
logical entities that may cause hepatic outflow disturbance, whether in the 
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FIGURE 38.6. Cavography showing a dome-like IVC web with thrombus formation 
in the strikingly dilated distal IVC. 

FIGURE 38.7. Autopsy specimen (L) and artist's drawing (R) showing a diffuse 
thrombus formation in the IVe. A web is seated on the top of it. 

vessel lumen, the wall, or from external compression, may also cause 
BCS,26-33 such as neoplasms, hypertrophied caudate lobe of the liver, 
amoebic abscesses, sarcoid granulomas, nonspecific vasculitis , contra
ceptive-induced hypercoagulable state, pregnancy, myeloproliferative dis-



38. Budd-Chiari Syndrome Personal Experience of 250 Cases 477 

j --t ){- ~J-
1Ar ~r' 1r 

• 8 2 1 

FIGURE 38.8. Diagram showing 12 types of webs or malformations of the IVC. 

ease, polycythemia rubra vera, paroxysmal nocturnal hemoglobinuria 
(PNH) , antithrombin III deficiency, lupus anticoagulant , certain plant 
alkaloids,34 and even parasites such as filariasis,26 etc. 

Animal Study 
The successfully created animal model of BCS and its smooth relief either 
by cavoatrial shunt or balloon dilatation35 gave confidence in handling such 
a bizarre and awkward disorder. Achievement of rapid endothelializa
tion,36 improvement of patency, and inhibition of neointimal hyperplasia 
of the IVC shunting Dacron graft by high density seeding of omentum
derived, autogenous Factor VIII, antigen positive ECs in dogs37 may bring 
about a remarkable improvement in venous reconstruction, especially 
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FIGURE 38.9. Micrograph of a liver biopsy showing distinctly dilated and 
erythrocyte-congested central venules and sinusoids of the liver, characteristics of 
BCS (x60). 

when supplemented by the external ring device and anastomotic retainer. 
The venous prostheses most suitable for endothelial cell seeding are the 
high porosity Dacron (including gel impregnated ones) and the PTFE 
grafts. 38 

Pathophysiology 
The main pathophysiological factor causing BCS is an outflow blockage of 
the sinusoidal beds of the liver with characteristic dilatation and congestion 
of the central veins and sinusoidal areas of the liver (Fig. 38.9), resulting in 
a progressive portal hypertension and IVC hypertension if the latter is also 
involved. When the blood flow is still constantly entering the liver through 
the hepatic artery and portal vein but the main hepatic venous outflow 
blocks, highly hydrostatically pressured hepatic sinusoids are created, so 
that plasma pours into the Disse's Space and then into the lymphatics. 
Excessive formation of lymphatic fluid, usually beyond the capacity of 
accommodation, by increasing lymph flow via the hepatic lymphatics, 
causes leakage of fluid from the overburdened hepatic lymphatics into the 
peritoneal cavity through Glisson's capsule . Fig. 38.10 demonstrates the 
mechanism of a progressive liver congestion and transudation or oozing of 
lymphatic fluid from Glisson's capsule. This "weeping liver" can often be 



38. Budd-Chiari Syndrome Personal Experience of 250 Cases 479 

40 

30 

20 

\ /, 
\ \ . ..' I 

\ I 
I I 10 

0 

FIGURE 38.10. Diagram showing pathogenesis of BCS: occlusion of IVC-HVs junc
tion and "weeping liver." 

seen during laparotomy of patients with BCS; it is one of the main reasons 
for the usual intractability of ascites formation. Hepatomegaly, spleno
megaly, and varices of the esophagus and the cardiac fundus of the sto
mach are caused by portal hypertension. Simultaneously existing occlusive 
lesions of the IVC often cause renal dysfunction (reduced renal output) 
because of renal congestion, dysdigestion because of intestinal congestion, 
and marked varicose veins on the thoracoabdominal wall, especially on the 
loin and back, which differs from cirrhotic portal hypertension; also, ede
ma, ulcer( s), and pigmentation of the lower limbs are presented bilaterally. 
Caput medusae is occasionally seen. Since venous blood is congested in the 
lower body, returning volume is markedly reduced and heart size is dimi
nished. On X-ray, the patient usually has a small heart, the so-called "rat 
heart." For this reason, the patient with BCS always has a compromised 
heart function because of low cardiac output, causing palpitation and 
shortness of breath on even slight exertion. Tables 38.6 through 38.835 •39 

TABLE 38.6. Change of cardiac function (N = 32). 

Balloon dilatation SV ml/pulse CO Llminute 

Before 50 .3 ± 4.1 4.7 ± 1.9 
After 61.4 ± 3.2 5.9 ± 1.4 
P <0.05 <0.05 
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TABLE 38.7. Change of cardiothoracic ratio before and after mesoatrial shunt. 

Time (day) X±SD n 

Pre-Op. 0.41 ±0.06 8 
Post-Op.l 0.49±0.05 8 

2 0.54 ± 0.06 6 
3 0.56 ± 0.06 6 
5 0.57 ± 0.03 5 
7 0.58 ±0.05 5 
4 0.59 ± 0.06 3 

show changes of stroke volume, cardiac output, cardiothoracic ratio, and 
parameters of Swan-Ganz catheter before and after balloon dilatation of 
the Ive web or meso atrial shunt. Fig. 38.11 shows hemodynamic changes 
before and after mesoatrial shunt, cavoatrial shunt, and membranotomy. 

Tables 38.9 and 38.1039 demonstrate that blood in the stagnated Ive is 
rheologically of hypercoagulability and hyperviscosity. At the end stage, 
due to a dysfunctional digestive system and a constant albumin loss after 
repeated abdominal paracentesis, patients entered a state of severe nutri
tional depletion and debilitation (cachexic-like), the limbs as thin as sticks 
and the abdomen as huge as a big drum. We called it a sign of "spider man" 
(Fig. 38.12). So long as no measure for correction was undertaken, the 
patient usually died from massive hematemesis because of ruptured varices 
of the esophagus, cardiac fundus of the stomach, cachexia due to intract
able ascites and malnutrition, or hepatorenal failure. Investigation of 43 
liver biopsies of BeS established 4 pathological types: dilatation, conges
tion, necrosis, and mixed,4O which are basically correlated with clinical 
severity. 

The webs of Ive were confirmed to be composed of multiple layers of 
collagenous fibers with mucous degeneration and endothelial cells covering 
each side.4O 

TABLE 38.8. Changes of cardiac function examined by Swan-Ganz catheter. 

Membranotomy Before After 

IVCP 45 29 
RAP 12 18 
PAP 8 36 
SWIRL 2.27 13.70 
SWILV 28.40 59.40 
CO 5.50 12.81 
CI 3.18 7.42 
HR 120 139 
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FIGURE 38.11. Histogram showing pressure changes in the IVC, SVC, and SMV 
pre- and postshunt. 

TABLE 38.9. Rheological changes of blood in IVC (N = 32). 

Balloon dilatation Before After p 

Blood viscosity (mPas) 
307- 1 (low) 15.67 ±0.34 13.67± 0.2 <0.05 
9.6- 1 (high) 5.86 ±0.23 4.51 ±0.17 <0.05 

Diagnosis of BCS 
For those patients with clues of portal and Ive hypertension, portal hyper
tension with a relatively normal liver function, or varices on the thoraco
abdominal wall (especially on the back, bilateral loins, and lower limbs), 

TABLE 38.10. Changes of blood gas in the IVC (n = 32) . 

Balloon dilatation Before After p 

Hb (gldl) 14.2 ± 0.8 11.7 ± 2.5 <0.05 
PV02 21.2± 6 50.5 ± 17.8 <0.05 
PVC02 44.5 ± 5.5 40.1 ± 13.3 <0.01 
SAT(%) 47.4 ± 21.8 74.6 ± 11.5 <0.05 
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FIGURE 38.12. Artist's drawing showing a "spider man," a clinical sign presented at 
the late stage of BCS. 

diagnosis of BeS should be highly suspected. Screening them with B
mode ultrasonography, a simple, reliable, and convenient non-invasive 
method, a correct diagnosis rate of more than 90% can be expected.41 ,42 

However, diagnosis is usually made much later, after a fully clinical picture 
has emerged. 

In order to find patients still in the early stage, a B-ultrasonographic 
check-up of the IVe and HVs is suggested during any routine health ex
amination. The best means for diagnosis has been cavography, in which a 
catheter is introduced into the IVe through the femoral vein by a Seldinger 
technique and, if necessary, another catheter is placed in the supra
diaphragmatic IVe by catheterization via the brachial vein. While the con
trast is injected simultaneously, the occlusive lesion location and extent can 
be nicely visualized43 as demonstrated in Figs. 38.13 and 38.14. Patency of 
the HVs is always of paramount significance in selection of a suitable sur-
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FIGURE 38.13. Cavography showing long-segment constriction of the IVC (Type 
V). 

gical procedure for patients with different pathological configurations . Per
cutaneous transhepatic hepatophlebography is specially devised for this 
purpose,44 of which Fig. 38.15 is an example. CT and MRI have been 
claimed to be useful in diagnosis of this entity, but they are not as critical as 
angiographic studies. 

The importance of reaching a final diagnosis and a clear pathologic clas
sification is in facilitating selection of an operative procedure. Fig. 38.2 
shows this information and Table 38.4 shows a gradation of BCS that helps 
to predict surgical outcome and operative risk. 3 

Preoperative Support Means 
The patient's general condition may be very poor, such as under massive 
hematemesis, intractable ascites, and/or severe nutritional depletion 
(cachexic appearance), and/or hepatorenal failure . For the former, all 
necessary means for emergency surgery should be prepared in addition to 
employing sclerotherapy for esophageal varices. Our experience includes 
repeated transfusion of autogenous ascites. After 3 to 10 preoperative 
transfusions from 500 ml to 2500 ml of ascites (filtered twice under strict 
sterilized condition) in each of 40 cases, all patients had their intractable 
ascites relieved and in 3 of them, the ascites almost disappeared before 
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FIGURE 38.14. Cavography showing long-segment constriction of the IVC (Type 
VI). 

surgery. For cachexic patients, gastrointestinal nutrition was adopted and 
marked beneficial effect was obtained in 4 cases. Chinese herbal medicine 
was also used in order to improve liver function and general condition of 
the patients. Thus the preoperative treatment always took a month for 
severe cases and was effective in reducing operative mortality and promot
ing the postoperative course of recovery. 45 

Conservative Therapy 
In the author's series, a mortality of 87% was recorded in Stage IV 
patients.3 ,23 An additional 48 cases who received conservative therapy 
were collected before early 1988 in Chinese literature. Among them, 
39.6% died, 43.8% were unimproved, and 16.7%, who were treated 
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FIGURE 38.15. Hepatovenography showing marked dilated HVs with collateral 
formation. 

chiefly by Chinese herbal medicine, claimed to be improved.l9 In addition 
to using fibrinolytic therapy for acute onset of BCS due to thrombosis, any 
means of conservative therapy seemed only to provide patients with time 
for development of compensating collaterals; but the remaining occluded 
lesions were unrelieved, which is definitely a clear reason for the bad re
sults of conservative therapy. Nearly 80% of this author's effective results 
were achieved by surgery. Surgical treatment is definitely superior to con
servative treatment. So long as surgical conditions are available for both 
medical teams and patients, the surgical approach (including transluminal 
balloon technique) should be adopted as early as possible. 

Surgical Means 
Often, only major surgical procedures can eliminate or bypass lesions in 
HVs or retrohepatic IVC. The complicated vascular anatomy in this area, 
including a profusion of strikingly dilated and thin-walled, frail collateral 
vessels, which present a strong risk of bleeding, creates an especially in
tolerable circumstance for patients who are also high operative risks and 
have various pathological configurations and complications. 

Minor Surgery 

Thus, in the early period of our work, facing severe cases of BCS with a 
great quantity of ascites (including one whose abdominal girth was 159 cm 
and whose fingers were unable to touch his own umbilicus), we tried minor 
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operations that theoretically might be tolerated, such as the thoracic duct
jugular vein reanastomosis, so as to create a wider orifice for enhancing 
lymphatic clearance from the thoracic duct and possibly to relieve portal 
hypertension. However, among the 5 cases who underwent such surgery, 
only one obtained marked relief. Peritoneojugular shunt or LeVeen shunt 
was also used at the beginning of this study. However, portal hypertension 
was not relieved, the shunt could not function for long, and symptomatic 
relief did not last long. In one case, the subcutaneous tube was partially 
exposed to the exterior from the thoracic wall as an infected foreign body 
waiting for extraction. Cephalic vein-peritoneum or saphenous vein
peritoneum anastomosis served as another minor alternative. These anas
tomoses were very nicely and smoothly created, but the ascites reduction 
effect lasted only for a few days. The autogenous vein graft is thought to be 
much better than any kind of artificial shunting tubes, but an omental 
blockage might easily occlude the vein-peritoneal anastomosis and cause 
failure. The cephalofemoral venous shunt, in which the cephalic vein was 
isolated and brought to the groin under the thoracoabdominal wall sub
cutaneously, was employed in one patient with predominantly Ive hyper
tension, resulting in a slight relief of edema of the lower limb. It seemed 
that all the minor, or relatively "safe" procedures, were not able to cure or 
even markedly relieve severely ill BeS patients. 

Membranotomy 
Membranotomy (Fig. 38.16) is a relatively simple procedure. A right 
anterior thoracotomy through the 4th intercostal space or a median sterno
tomy is employed; the pericardium is incised anterior to the right phrenic 
nerve, and the right atrium can be better exposed by pericardial traction 
and proper shift of bed position. The intrapericardial Ive segment is first 
isolated and encircled with a tape for traction. Inasmuch as it may be a 
size-diminished heart with an incompletely filling right atrium, a properly 
sized, side-walled clamp should be selected and applied on the right atrium 
close to its bottom without compressing the sve inlet opening, the right 
coronary, and the sinoatrial node. A purse string suture of a size allowing 
finger insertion using 4-0 Prolene is prepared on the clamped part of the 
atrium. Two ends of the suture, after detachment of needles, are trapped 
into a vascular keeper. The atrial wall encircled by the suture is properly 
opened without damaging the suture, otherwise a bigger string purse su
ture is substituted. The left middle finger of the operator is inserted while 
the clamp is withdrawn and the vascular keeper is properly tightened. No 
bleeding was caused while doing this. By traction of the tape encircling the 
IVe, the finger is guided into the Ive rather than the tricuspid valve. The 
fingertip progresses further and the membranous obstruction or Ive web 
(be sure it is not the bottom wall of the atrium) can be touched at a depth 
of about 5 centimeters. The web felt by fingertip was like a layer of strong 
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FIGURE 38.16. Artist's drawing showing the transcardiac technique for membrano
tomy. 

cloth with fairly good elasticity which prevents it from being broken. The 
penetrating maneuver is repeated until the web is fractured. The full finger 
is then inserted into the Ive and a dilatation manipulation is also repeated 
if localized stenosis of the Ive is also present. The orifices of the HVs can 
be perceived in the majority of our patients, and membranous obstruction 
of the HVs were found in 7 cases during this procedure. All were broken 
and dilated by fingertip. This technique succeeded in most of our patients. 
However, in those with "dome-like" or thick web, or those with marked 
accompanying stenosis of the IVe, a dilatation maneuver is sometimes 
assisted by a large size (>2 cm ID) balloon catheter or a self-made balloon 
catheter inserted from the right atrium or the femoral vein by Seldinger's 
technique, which is always beneficial. Sometimes, after a successful mem
branotomy, an immediate failure will be perceived during the reclosing 
process of the involved part of the IVe, following immediately after with
drawal of the operator's finger. In these cases, other alternatives should be 
adopted. Membranotomy is not indicated in those with fresh thrombus in 
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the IVC distal to the lesion in order to prevent life-threatening pulmonary 
embolism following membranotomy. The disadvantage of this procedure is 
that after a successful membranotomy, the broken and irregular residual 
membrane is still there, the coexistent stenosis of the IVC may also re
main, and the external compression may not be changed. All of these fac
tors are likely to cause reocclusion of the IVC, a condition usually much 
more difficult to handle than before. There were 3 membranotomy failures 
and 7 membranotomy recurrence cases in this series. As demonstrated in 
Fig. 38.3, 1 year following membranotomy, the patency curve seems 
stable. 

Transluminal Balloon Membranotomy 
This is a nonsurgical means to treat localized lesion of the IVC. Because of 
the difficulty in obtaining high quality Grunzig or Inoue catheters, this pro
cedure has been conducted in only 21 cases in this series. This method has 
the same disadvantage as in the finger membranotomy. In addition, com
plications, such as cardiac tamponade, fracture of the catheter, and pul
monary embolism, might be incurred. We suggest this procedure for pa
tients with localized lesions, but it is not indicated for those with fresh 
thrombus distal to the lesion. The author was informed of 2 mortalities 
occurring during 10 such procedures conducted in another hospital. The 
method and its results are shown in Fig. 38.17.46 

Transluminal Laser-Assisted Angioplasty 
This procedure was reported to be used in 3 cases in whom conventional 
means were not successful. 47 This procedure was carried out in one case in 
Jinan, China. However, the fiberoptic laser tip was broken and retained 
adjacent to the IVC lesion, which required the author to perform a radical 
operation to extract it. 

Percutaneous Transhepatic Recanalization and Dilatation 
This procedure was reported recently in one case with BCS.48 The author 
considered it useful in treating some selected cases with occlusion near the 
orifices of the HVs and tried it once. 

Cavoatrial Shunt 
For the failed membranotomy cases, an immediate decision to shift to use 
of a cavoatrial shunt (Fig. 38.18) should be made during surgery. The high 
failure rate of venous prostheses due to thrombosis is an obviously sub
stantial obstacle. The reasons for the operation, in addition to patient re
quirements, are: 1) large caliber grafts are better at preventing thrombus 
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FIGURE 38.17. Diagram showing the balloon dilatation (PTA) technique (above) 
and its resolving of 7 cases (below). 

formation than small ones; 2) pressure gradient between the Ive and the 
right atrium is significant; 3) pressure in the abdominal cavity is positive 
while that in the thoracic cavity is negative; and 4) venous flow in the 
cavoatrial graft may be accelerated during regular inspiration, which en
hances intrathoracic negative pressure due to expansion of the thoracic 
cage. All these factors are accredited to initiation of a I-way blood flow in 
the shunting graft. In the first case, we used a locally made, rather stiff 
Dacron prosthesis 22 mm in diameter. The patient had a good recovery 
after overcoming a very severe heart failure, presumably due to the sudden 
return of a large quantity of venous blood congested in the lower body of 
the patient. Later on, the prosthesis diameter was reduced to 20 mm, 18 
mm, 16 mm, and even 14 mm. By personal communication, the Gore-Tex 
graft, in 10 mm and 12 mm internal diameter (ID), was used as cavo
atrial shunt material in another hospital but resulted in an early occlusion 
of the prosthesis. Thus, we advocate the use of 16 mm or 14 mm ID as 
the suitable prosthesis diameter for this purpose. 
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FIGURE 38.18. Diagram showing cavoatrial shunt and its hemodynamic changes 
(arrows). 

Two methods have been used for construction of the cavoatrial shunt: 
anterior and posterior approaches. For the anterior approach, a midline 
abdominal or right paramedian incision is made. The lVe is isolated 
through one of the following routes: 1) Kocher incision, making access 
from the right lateral peritoneum, and mobilization and traction of the 
duodenum and ascending colon to the left; 2) dissection of the retroperi
toneum from the right to the upper part of the mesentery (part of the lVe 
is isolated from beneath and below the transverse portion of the duodenum 
while the transverse colon is elevated and the intestine pushed to the left); 
or 3) isolation from the left to the mesentery and from the right to the 
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abdominal aorta while pushing the intestine to the right. As many vein 
collaterals and lymphatics are diffusely distributed in the retroperitoneum 
because of longstanding IVC occlusion, the dissection maneuver on the 
retroperitoneum should be carried out very carefully, suture-ligation 
should always be used, and some of the lumbar branches need to be ligated 
and severed. Preparation of a segment of the IVC greater than 4 cm in 
length is necessary for anastomosis. For those with a large quantity of 
ascites, a median sternotomy is advised; otherwise a right anterior thoraco
tomy at the 4th intercostal space with division of the 3rd anterior rib is 
used. The pericardium is incised and fully tracked for better exposure and 
manipulation. If a thoracotomy is selected, a hole in the diaphragm is made 
at a proper position for passage of the graft. The preclotting process, using 
autogenous blood conducted from outside the graft so as to reduce the 
intraluminal clot, is completed (if it is required). The graft is tailored into a 
cobra shape. A suitably sized Satinski Clamp is applied on the IVC, 1000 
units of heparin are injected into the IVC distal to the clamp. An end 
prosthesis-to-side IVC anastomosis is completed using 5-0 Prolene suture 
in an everted running fashion. If technical difficulty is expected, a "para
chute" anastomotic method is selected. A spiral stainless steel external 
support is used if the graft has no external support. The graft is usually 
brought to the thoracic cavity or mediasternum posterior to the transverse 
colon and anterior to the stomach and liver. The upper end of the graft is 
tailored and an end prosthesis-to-side atrium anastomosis is completed 
with 4-0 Prolene suture in an everted running fashion. When the anastomo
sis is performed, the self-made anastomotic retainer is applied in each 
anastomosis. Two needles are inserted into the graft, the distal one used 
for installing heparin normal saline solution and the proximal one for eva
cuating entrapped air in the graft. The clamps applied on the IVC and 
atrium are withdrawn respectively. The graft is thus functional. An im
mediate relief of the hepatosplenomegaly and reduction of portal pressure 
will result if the HVs are patent to the IVC. Thoracic drainage is instituted, 
bleeding stopped, and the incisions are closed in layers. Figure 38.19 shows 
the follow-up study by cavography. 

Posterior Approach for Cavoatrial Shunt 
A left-sided position is undertaken and a posteroanterior thoracotomy 
through the 7th costal bed is made. The pericardium is incised, the intra
cardial IVC segment exposed, and the right diaphragm with the underlying 
liver is pulled to the left by traction. The right phrenic nerve is protected. 
Along with the IVC, the diaphragm is carefully incised, beginning from the 
aperture of the IVC down to expose the dilated or relatively normal seg
ment of the IVC, usually over 6 cm in length. The bypass is constructed 
between the distal dilated segment of the IVC and the right atrium or sup
radiaphragmatic IVC. The shunting graft is definitely shorter than the 
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FIGURE 38.19. Cavography showing good patency of a cavoatrial shunt 3 years 
following surgery. 

anterior approach, but the posterior approach is technically more difficult, 
the chance for cumbersome bleeding is more common, and the incidence 
of postoperative chylous thorax is relatively higher. Once again, it is im
portant to confirm patency of HVs to the IVe (at least an obviously en
larged short hepatic vein, usually the one coming from the right lower part 
of the liver to the IVC) in order to obtain a good result. As demonstrated 
in Fig. 38.3, long-term patency of the cavoatrial shunt is not better than 
membranotomy. 

Mesoatrial Shunt 
When occlusion of the IVe involves most or all the IVe, or goes even 
beyond the common iliac veins, the meso atrial shunt (Fig. 38.20) is the 
most suitable indication and the cavoatrial or ilioatrial shunt is precluded. 
Thus our candidates for this operation usually have poorer general condi
tion, higher risk for surgery, and more predominant clinical manifestations 
of portal hypertension than those for cavoatrial shunt. Surgical manipula
tion is also more difficult than the cavoatrial shunt. The main problem is 
preparation of the superior mesenteric vein (SMV) located beneath the 
distinctly thickened, tender, and edematous retroperitoneum full of 
venous and lymphatic collaterals so that a proper anastomosis may be con
structed on it. The upper midline abdominal incision is made, viscerae ex-
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FIGURE 38.20. Diagram showing a mesoatrial shunt and its hemodynamic changes 
(arrows). 

plored, ascites aspirated, portal pressure measured, and SMV isolated at 
the base of the mesocolon through the retroperitoneum right to the Treitz's 
ligament while the transverse colon is in traction upward and the intestine 
pushed away from the operative field. Dissection of at least 4 cm of the 
SMV (usually with a large right branch included) below the pancreatic 
body is required. The graft needs to have an external right support and 
should be 14 mm or 16 mm in diameter. The right atrium is exposed 
through the right anterior thoracotomy at the 4th intercostal space if the 
patient had slight ascites or through the medial sternotomy if the patient 
had remarkable ascites. Graft end-to-side SMV and graft end-to-side right 
atrium anastomoses are completed as is done in the cavoatrial shunt. After 
establishing blood flow through the graft, rapid relief of hepatosple
nomegaly can be expected, i.e., reduction of liver size and shrinkages on 
the liver surface can immediately be noticed, a remarkable reduction in 
spleen size can also be felt easily, and usually a 40% to 50% reduction of 



494 Zhonggao Wang 

FIGURE 38.21. The venous period of superior mesenteric arteriography showing a 
patent mesoatrial shunt (arrow) 4 years following surgery. 

portal pressure can be measured. There is a 10% chance of controllable 
encephalopathy and a higher operative mortality compared to the cavoat
rial shunt, which is related to the different portal flow pattern (Figs. 38.18 
and 38.20) and to the selection of patients. However, this procedure is 
highly recommended since it directly and effectively relieves portal hyper
tension, a leading cause of deterioration or death of patients, and it usually 
brings very severe patients a surprisingly nice recovery.49 Attacks of en
cephalopathy can easily be avoided by dietary caution. As demonstrated in 
Fig. 38.3, this long-term patency is the best among the 3 procedures; 
however, the operative mortality is higher than the others because patients 
selected for this operation are in more severe condition. Figure 38.21 
shows graft patency at the venous stage of superior mesenteric arteri
ography. 

Splenoatrial Shunt 
This serves as an alternative when use of the SMV is unavailable. In one 
case in this series, a mesocaval side-to-side anastomosis had been per
formed 2 years prior to admission to our hospital with a chief complaint of 
repeated massive hematemesis. Venacavography demonstrated a long-
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FIGURE 38.22. Artist's drawing showing the splenoatrial shunt. 

segment, occlusive lesion of the IVe. During surgery in June 1985, it was 
found that the SMV could not be dissected because of extensive tense 
adhesions. A splenectomy and a splenoatrial shunt (Fig. 38.22) with a Dac
ron graft 16 mm ID were carried out, resulting in an excellent outcome that 
was followed up for more than 5 years. This operation was performed in 7 
more cases in other hospitals, resulting in 5 good results and 2 operative 
deaths.5o Splenoatrial shunt is definitely worth recommending and promot
ing. The portoatrial shunt, based on the same principle, has already been 
reported in the literature16 and can be reserved as another option for 
future use. 

Mesocavoatrial Shunt 
Everyone likes the lesions to be corrected thoroughly and completely. It is 
therefore not surprising to consider an idea which might simultaneously 
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solve both the portal hypertension and the lVC hypertension, both of 
which existed in most patients with BCS in this series. Chapman reported 
an iliac-mesenteric shunt procedure. 51 Three of our patients who were in 
the very-end stage underwent this combined procedure. All died shortly 
following surgery, probably due to an intolerably sudden return of an ex
tremely large quantity of venous blood that had been congested in the 
lower part of the body in addition to their very poor condition generally. 
We have found from the results of our cavoatrial shunt or our mesoatrial 
shunt that they basically fulfill the operative goal. During follow-up we 
found that less than 10% of patients had symptoms due to an insufficient 
decompression of the other system in which no shunting was constructed. 
We suggest that, when necessary, an additional shunting can be done at a 
later time, for what we call a staged operation, which is much safer and 
more feasible. 

Mesojugular Shunt 
The most severe patients, with distinct malnutrition, massive ascites, and 
aggressive pleural effusion requiring thoracoparacentesis once or twice a 
week, cannot tolerate any of the major procedures. We developed a meso
jugular shunt (Fig. 38.23) that does not require a thoracotomy or median 
sternotomy. Only a midline abdominal incision and a small, low, trans
verse neck collar incision are necessary. The SMV is isolated by the first 
maneuver and the right internal jugular vein is then isolated; the externally 
ring-enforced graft, 14 mm or 16 mm lD, is brought into the neck incision 
retrosternally (in 4 cases) or subcutaneously (1 case); the graft-SMV or 
graft-jugular end-to-side anastomoses are constructed, respectively. After 
establishment of blood flow, a portal decompressive effect is also im
mediately achieved. The ascites and pleural effusion disappeared in 2 to 3 
weeks postoperatively in all cases. This outcome, even though still a short
term one, has been surprisingly better than that of those who underwent 
the meso atrial or caval-atrial shunt, for whom the recovery period has 
usually been 3 to 8 weeks. It appears that there is a constant pumping 
mechanism, produced by a continuously rhythmic and strong cardiac ac
tion, which keeps the blood flowing only in an upward direction, i.e., 
through the mesojugular shunt, because of a significant pressure gradient 
between the portal and jugular veins. To install a pump in a mesojugular 
graft by putting it retrosternally seems a unique and effective way to im
prove performance of the graft. To our knowledge, this method has never 
been used before. The fifth case (in fact, she was our first case) died of 
hepatorenal failure 2 months after surgery, presumably because this meso
jugular graft was set subcutaneously without establishment of a pumping 
mechanism, as compared to the retrosternal approach, and without aspira
tion mechanism created by the thorax cavity during the constantly rhyth
mic inspiration as seen in cases with the meso atrial or cavoatrial shunt. 
Therefore, the subcutaneous mesojugular shunt should be abandoned. 
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FIGURE 38.23. Artist's drawing showing the retrosternal mesojugular shunt. 

Mesocaval and Splenorenal Shunts 
These shunts are indicated for patients with classical BCS, i.e . , those with 
intrahepatic venous occlusion and patency of the IYC. Actually, there is no 
substantial difference from the treatment of portal hypertension caused by 
liver cirrhosis. Graft patency was nicely demonstrated by cavography 
through graft catheterization via femoral vein (Fig. 38.24). 

Innominate-Atrial Shunt 
This can be supplemental for patients with BCS associated with SYC occlu
sive syndrome. There were 3 successful cases in the author's series includ
ing 2 combined with meso atrial shunt and 1 with transcardiac membrano
tomy. However, if the BCS is caused by IYC web, a pure transluminal 
balloon dilatation or finger membranotomy can first be instituted because, 
after resolution of the IYC webs, the SYC syndrome might be markedly 
relieved through collaterals, mainly the connection between the azygous 
system and the IYC. Two patients who received balloon dilatation and 
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FIGURE 38.24. Cavography showing a patent meso caval shunt 5 years after proce
dure. 

another 2 who underwent transcardiac membranotomy in this series ex
perienced a marked relief that was quite acceptable to them. If such relief 
fails to occur, a definitive operative procedure can then be scheduled when 
it is necessary. 

Radical Procedures 
None of the above mentioned methods thoroughly eliminate the original 
lesions, wherever they are located in the Ive or HVs, or both. In order to 
treat the disease in its original location radically, a radical approach is sug
gested. So far, we have treated 20 cases radically. A typical right standard 
posteroanterior thoracotomy via the 7th costal bed is employed. Then, one 
of 3 methods is used: 1) For patients with a high membranous lesion, the 
intracardiac Ive and a short segment of infradiaphragmatic Ive are iso
lated (Fig. 38.25). The web can be felt at that time and after proximal and 
distal controlling, the Ive is opened longitudinally. The web is clearly 
identified and completely resected, and the IVe incision carefully sutured. 
There were 3 cases in this series all resulting in good outcome. 2) The 
incision extends to the abdomen. A tape encircles the upper part of the 
Ive. The retrohepatic Ive is isolated and a large size balloon catheter 
prepared. As soon as the upper Ive and the hepatic triad are blocked, the 
retrohepatic Ive is quickly opened and the balloon catheter, with a dia
meter of more than 2 cm, inserted into the distal Ive and inflated with 
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FIGURE 38.25 . Diagram showing the radical resection of IVC lesion and patching 
graft. 

heparin saline. The escaping blood is rapidly aspirated for autotransfusion 
and the operative field becomes clear. The web is carefully and thoroughly 
resected. The Ive is repaired with Gore-Tex patching and the balloon 
catheter is withdrawn. It is suggested that the process of web resection and 
Ive repair be accomplished within 25 minutes so as to avoid hepatic ische
mia. We have had only 1 success. 3) For lesion resection under hypother
mia and circulatory arrest, extracorporeal circulation is installed in the fol
lowing way: intubation of the right atrium serves as venous outlet and 
catheterization of the right iliac artery as the arterial inlet. Until the re
trohepatic Ive is nicely exposed, the heart-lung machine functions with 
cooling. When the temperature is reduced (22°e to 18°q, circulatory 
arrest begins; the retrohepatic Ive is incised longitudinally, webs of occlu
sive tissue or thrombus are resected, and the orifices of HVs are explored. 
Membranous occlusion of the HVs were found in 3 cases in this series (Fig. 
38.26) and even a pin-fine foreign body, a broken fiberoptic laser tip 
located between the diaphragm and the liver, was extracted through radi
cal resection . Mter a thorough clearing of the IVe, the incision is sutured 
or patch-grafted with Gore-Tex or Dacron prosthesis, or pericardium if 
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FIGURE 38.26. Photograph showing a thrombus of 19 cm length well established in 
the IVe between T9 and L2, which was resected with a web under hypothermia and 
circulatory arrest. 

necessary. The heart-lung machine resumes with rewarming until 37°e is 
reached. The pump stops and intubations are weaned. After bleeding is 
well controlled, drainages are positioned and the incision is closed. We find 
now that the radical operation enables us to resect lesions completely. 
However, it is sometimes unable to prevent recurrence, especially in deal
ing with a relatively long or constricted IVe with chronic inflammation, in 
using the pericardial tissue as patching material, and in a situation of local 
tension usually caused by an external compression of the enlarged liver. In 
the latter case, use of an appropriate cutting from a ring-supported graft as 
patching material is helpful in preventing the graft from being compressed 
due to external lesions. B-mode ultrasonography demonstrates changes in 
IVe occlusion before and after surgery (Figs. 38.27 and 38.28). 
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FIGURE 38.27. B-mode ultrasonography showing a marked localized stenosis of the 
retrohepatic IVC (arrow). 

Cavoazygous Shunt 
This procedure might serve in some situations when the surgeon is unwill
ing to do an operation involving the heart. Only one case is available in this 
series. In the literature, only Yamamoto reported this procedure.9 

Graft Materials and Other Supplements 
Obviously, we are dealing with large-caliber venous prostheses. A rigid 
graft is required, as was used in early work of this study. The external 
ring-support graft, including Gore-Tex, Vascuteck, and locally made 
PTFE are suitable. Otherwise, the spiral stainless steel external supporting 
device we designed is required to cover the outside of the graft in order to 
prevent it from being compressed. The EC seeding technique is of 
benefit,37 and so far, the author has employed this technique in 10 shunting 
grafts for treating patients with BCS. The anastomotic retainer we de
signed is helpful in enlarging the anastomoses and in maintaining their 
patency; thus they are recommended for venous reconstruction. 
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FIGURE 38.28. The stenosis shown in Fig. 38.27 has disappeared after radical resec
tion of the lesion and the affected IVe is widely patent (arrow) . 

Summary 

This paper presents the author's epidemiological and etiological studies , 
the creation of a dog BCS model and methods of relief, high density EC 
seeding of prostheses, and clinical experience in 250 patients with BCS. 

BCS seems less rare than we previously thought. 52 A geographical pre
valence is found in some areas of China. An animal model, with dogs , can 
be reliably created and relieved by the proper means. IVC webs are con
genital and are the main cause of BCS in China. Eight pathologic classifica
tions and 4 gradations are suggested. 

Suggested therapeutic approaches: 1) Balloon dilatation is suggested as 
the first treatment for those with IVC webs , localized stenosis, or IVC 
occlusion, but without new thrombus distal to the lesion. 2) Transcardiac 
membranotomy is employed for those with the same indications, especially 
for failure cases. 3) Cavoatrial shunt is used for those with HVs patency to 
the IVC. 4) Mesoatrial shunt is indicated for those with diffuse stenosis or 
occlusion of IVC and occlusion of HVs . 5) Portosystemic shunts are used 
for those with intrahepatic venous occlusion. 6) Mesojugular shunt is suit
able for those with intractable ascites, pleural effusion, and high operative 
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risk. 7) Innominate-atrial shunt can be supplemental for those with accom
panying SVC syndrome. 8) Radical resection is best indicated for those 
whose lesion requires resection. 9) Liver transplantation is reserved only 
for end-stage patients. 

Suggested venous graft materials: The externally ring-enforced, internal
ly autogenous EC-seeded, anastomotic retainer-armed, knitted Dacron 
and PTFE grafts are the best shunting materials in venous reconstructive 
surgery. 
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39 
Budd-Chiari Syndrome
Pathogenesis and Treatment 

KUO-HUA ZHANG and ZHUO-YUN Gu 

Summary 

Occlusion of hepatic venous outflow due to obstruction of inferior vena 
cava (IVC) is the major problem to be solved for Budd-Chiari syndrome in 
China. Sixty patients with such an entity had been admitted in our hospital 
since 1964 to 1990, and 58 cases had changes of IVC. Research of autopsy 
in six cases showed that congestion of liver and sequential cirrhosis might 
be reversible (similar to the changes in congestive heart failure), and since 
medication is intractable, surgery is the treatment of choice. Our study 
included three categories of IVC obstruction, according to cavo
venography, i.e., stenosis of IVC (Type I), occlusion of IVC at hilum of 
diaphragm (Type II), and extended obliteration of IVC (Type III). Forty
three cases were treated surgically, with three kinds of operation for the 
three Types: 1) portosystemic shunt was performed in two patients with 
Type I; 2) cavoatrial, azygoatrial, and meso atrial bypass procedures were 
used for Type II in 14, 1, and 1, respectively; 3) splenopneumopexy was 
elected for 15 patients with Type III. Eight patients had thoracic duct and 
internal jugular vein anastomosis to manage ascites (including one patient 
who also had a shunt procedure in the second stage), and two had explora
tion only. Angioplasty (PTA) was done successfully in one case with web 
obstruction. There was no operative mortality and seldom any morbidity, 
other than a short term of hydropneumothorax after bypass procedure. 
Follow-up studies of two months to 19 years (most were over years) 
showed that a shorter graft for bypass procedure had a better treatment 
result with cavoatrial shunt through right thoracotomy. All but one of the 
patients lived well. 

Introduction 

Budd-Chiari syndrome is a rare condition, its etiology obscure, and elec
tive treatments are numerous. Five hundred such cases were collected from 
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the world literature by Orloff in 1978.1 Obstruction of inferior vena cava 
accounted for 238 (45.4%) of cases, however, this did not include cases 
from the Chinese literature. As a result of our studies of this condition and 
its special characteristics, we would like to introduce our experiences with 
this syndrome and to discuss its characteristics in China, especially 
pathogenesis and treatment. 

Materials and Method 

Since 1964 to 1990,60 cases of Budd-Chiari syndrome (not including condi
tions originating from tumors) were admitted in our hospital. There were 
46 males and 14 females, and age ranged from 8 to 56 with a mean of 31.6 
years. 

FIGURE 39.1. Type I stenosis of inferior vena cava is presented. 
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All diagnoses were confirmed by symptoms and signs of hepatomegaly, 
esophagus varicosis, venous varicosis of abdominal wall and trunk, ascites, 
splenomegaly, edema of the lower extremities with venous varicosis of 
legs, and sometimes pigmentation. Cavovenography and CT scan and/or 
ultrasound were performed in most patients, and additionally, six autop
sies showed that four of the six had stenosis, obstruction, or obliteration of 
hepatic inferior vena cava. Cavovenography and wedged hepatic venogra
phy were done in our surgical group for diagnosis as well as selection of 
procedure. Four categories were found: 

1. Hepatic veins obliterated without changes of inferior vena cava in two 
cases. 

2. Partial obstruction or stenosis of inferior vena cava appeared at the di
aphragm hilum or extended and regular narrowing of hepatic inferior 
vena cava in 20 cases (Fig. 39.1). 

FIGURE 39.2. Type II occlusion of inferior vena cava found at the second hepatic 
helium. 
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FIGURE 39.3. Type III. Besides collateral vein, inferior vena cava is totally obliter
ated. 

3. Occlusion or membranous obliteration of inferior vena cava found at 
the diaphragm in 16 cases (Fig. 39.2). 

4. Extended or total inferior vena cava obliterated in 6 cases (Fig. 39.3). 

Etiology of the disease could not be clearly described. Some factors might 
be responsible for pathogenesis-one patient had symptoms and signs im
mediately the day after intravenous pyelography, with high pressure on his 
abdomen. Chemotherapy might have been another factor that induced 
obliteration of inferior vena cava in a patient treated for lymphoma. Un
fortunately, no evidence could be found to support the diagnosis of tumor, 
and finally he had retroperitoneal fibrosis due to changes in the inferior 
vena cava. A couple of patients had a history of thrombophlebitis of the 
lower extremities, and the syndrome appeared following an insidious 
period. 
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Pathology 

Six cases were found to be Budd-Chiari syndrome due to benign diseases in 
autopsies performed in our hospital from 1973 to 1980. All of them had 
intimal thickening and fibrogenesis of hepatic veins and inferior vena cava, 
the lumen became stenosed or obliterated. Chronic congestion hepatic 
cirrhosis, with varicosis of the esophogus and stomach, and congestive 
splenomegaly where revealed in all six cases. 

Thrombus was found in the inferior vena cava of two patients. One of 
these cases was described as having the nutmeg liver seen with congestive 
heart failure; the liver was enlarged, congested, and fatty and its cut sur
face bulged and was greasy to the touch. The other five cases had enlarged 
or atrophied cirrhotic livers, with marked congestion and with or without 
necrosis. 

Hepatic sinuses were dilated microscopically. A fibrous replacement was 
seen in the destroyed central zones of the lobules, and necrosis was seen in 
most areas, or the central vein was narrowed because of the thickened 
wall. Congestion associated with hemorrhage also could be seen around 
the central vein. 

Changes to the hepatic vein and inferior vena cava were seen as veno
occlusive diseases, which underwent progressive intimal fibrosis and 
thrombosis. 

In 9 biopsied cases involving degenerative inferior vena cava and liver 
disease, the changes noted were similar to those seen in the au
topsied cases. 

Treatment 

Seventeen of the 60 Budd-Chiari syndrome cases were treated medically, 
with on favorable response, and six of these died in a few months or years 
of hepatic failure or massive GI bleeding. Forty-three cases were operated 
on using the following procedures: portosystemic shunt in 2 patients; 
cavoatrial, azygoatrial, and meso atrial bypass procedures in 14, 1, and 1, 
respectively; splenopneumopexy in 15 cases; 8 thoracic duct and internal 
jugular vein anastomoses including one who also had a shunt procedure; 
and angioplasty was done in 1 patient. Additionally, there were 2 explora
tory operations. 

Results 

There was no operative mortality and seldom any morbidity, other than a 
short term of hydropneumothorax after bypass procedure. Follow-up study 
from 2 months to 19 years (the majority over a year) showed that the best 
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procedure was the cavoatrial shunt with a short graft bypass procedure 
through a right thoracotomy. The longest follow-up included 14 patients 
who underwent this procedure and who are alive and well 9 years later. 
The other 11 are also in good condition over 1, 2 and 3 years, although 1 
patient has recurring symptoms due to a kink in the graft. This was an 
operational technique defect seen in the early 1980s. A long graft through a 
tunnel behind the liver between the inferior vena cava and below the renal 
vein and right atrium was done in 2 patients in the 1960s. One lived 19 
years postoperatively with a recurrence of symptoms 6 years after the 
operation. Another died 8 years postoperatively when the graft was col
lapsed by a huge liver; there was no patency at all. 

One patient who had azygoatrial bypass, who was followed up for 2 
years, is still in good condition. The meso atrial bypass of 1 patient did not 
correct the symptoms and failed a year and a half later due to graft throm
bosis. The results of portosystemic shunt (portacaval in 1 and splenorenal 
shunt in 1) and splenopneumopexy were observed in several patients, all of 
whom feel better than before, with the huge acites disappearing in 2 cases. 
Thoracic duct and internal jugular vein anastomoses for this disease were 
not satisfactory in 8 cases, it seems this can be alleviated only in patients 
suffering ascites for shorter periods. PTA to treat web obstruction in 1 case 
had encouraging results. 

Discussion 

Budd-Chiari syndrome is uncommon clinically, but it seems to occur more 
frequently in oriental populations. Most reports on this syndrome come 
from eastern China in the Chinese literature, especially in Shandong, 
Henan and Hebei provinces. In the English literature, it is usually pre
sented as case reports in western countries. Although etiology of this dis
ease is not clear, it is commonly associated with obstruction of the inferior 
vena cava. In Chinese literature, there were 139 cases collected until 
November 1987.2- 8 with the exception of 4 cases, all had obstruction of the 
inferior vena cava. Many factors might contribute to the disease, such as 
thrombophlebitis, contraceptive pills and polycythemia, listed in the litera
ture. We found that trauma and chemotherapy might also contribute to the 
disease. Congenital factors may play an important role in formation of the 
disease, since the inferior vena cava is formed as building blocks in the 
embryo, and most patients are younger than 30 years old. 

Autopsy results showed that major changes to be obstructed outflow of 
the hepatic vein and hepatic congestion similar to the changes of congestive 
heart failure. Since these changes are reversible, early management could 
lead to better results. 

Mechanical obstruction of the blood stream from the inferior vena cava 
to the atrium and sequential portal hypertension are the major problems to 
be solved. The clinical aspects are: abdominal distension, venous varicosis 
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at trunk, ascites, edema with or without pigmentation of the lower extrem
ity, hepatomegaly, splenomegaly, etc. Laboratory findings were not signif
icant, other than hepatic dysfunction and hypersplenism. The most useful 
imaging procedure is cavovenography. According to the level, degree and 
extent of the obstruction, many surgical procedures have been designed 
and performed as reported in the literature. Basically, procedures are 
aimed at decreasing either the elevated pressure of the inferior vena cava 
or portal hypertension, such as membranotomy, cavo-, meso- or spleno
atrial shunt, portocaval shunt, etc. However, in the case of extended or 
total inferior vena cava obliteration, splenopneumopexy could be used. 

Two pathways of cavoatrial shunt may be chosen, pre- or posthepatic 
bypass. A graft between the inferior vena cava and the right atrium 
through a tunnel behind the liver (it is easily compressed by a huge liver) or 
a prehepatic one needs to be quite long. It would be better to use a short 
graft between the hepatic and the inferior vena cava below the obstructive 
site and right atrium. Mesoatrial, splenoatrial and porto atrial shunt could 
be selected for those patients without leg edema. Membranotomy is the 
treatment of choice for those with inferior vena cava web only. 

On the basis of data in this study, we conclude that: 

1. Obstruction of the inferior vena cava leading to occlusion of hepatic 
venous outflow is the major problem evolving from Budd-Chiari syn
drome in China, with surgery the treatment of choice. 

2. Cavovenography is the most us~ful imaging procedure for diagnosis, 
especially for showing the site, extent and degree of obstruction of the 
disease for selection of surgery. 

3. This entity may be divided into 4 groups according to the situation of 
obstruction: obstruction of hepatic veins only, partial obstruction or ste
nosis of inferior vena cava around the diaphragm, occlusion of inferior 
vena cava at the hilum of diaphragm, and extended or total obliteration 
of inferior vena cava. 

4. Many procedures might be selected, but no one procedure is suitable 
for all circumstances. Generally speaking, a rational choice of surgical 
procedure for this disease is a bypass shunt. 

5. A shorter graft for bypass procedure leads to better treatment results 
and a cavoatrial shunt through a right thoracotomy is recommended. 

6. Membranotomy or PTA may be used for those with inferior vena cava 
web only. 

7. In those cases not suitable for shunt procedure, the alternative is sple
nopneumopexy. 
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40 
How Well Does the Informed 
Consent Inform? 

STEVEN P. SCHMIDT and FREDERICK I. FIELD 

Abstract 

Obtaining the informed consent can be especially difficult in vascular 
surgery patients where the operative procedure is complex and the patients 
are often elderly. We interviewed 90 vascular surgery patients regarding 
their ability to recall key information about the surgical procedure and 
possible complications. The consent material had been presented to the 
patient and family members in detail by the attending and/or resident 
surgeons in the form of an oral discussion. When asked if they were well 
informed and understood the surgery, 97% answered in the affirmative, yet 
only 56% of patients had an adequate knowledge of basic, simple questions 
regarding their surgery. Eighty-seven percent of patients felt they were 
well informed of the risks and possible complications, yet only 9% had an 
adequate knowledge about possible major risks and complications of their 
surgery. Furthermore, only 26% wished that they understood their surgery 
better, and only 25% desired more knowledge of the possible risks and 
complications. This raises questions whether the average vascular surgery 
patient understands the information given during consent, and whether 
they consciously or unconsciously suppress the information about opera
tive risks and complications. 

Introduction 

The educational value of the informed consent has been a subject of con
siderable debate in recent years. It can be questioned whether the average 
patient has the background knowledge necessary to understand these 
aspects of a surgery: why the operation is necessary, what basic operative 
procedures will be performed, and what the potential risks and complica
tions are. The informed consent can be especially difficult in vascular 
surgery patients where the operative procedure is complex, prosthetic 
materials are often used, and the majority of patients elderly. To study this 
issue we surveyed our vascular surgery patients in the following manner. 

515 
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Materials and Methods 

We interviewed those patients undergoing major vascular surgery during a 
IS-month period at the Jerry L. Pettis Memorial Veterans Administration 
Hospital. Excluded from the study were those patients who: 1) could not 
be located, 2) had expired, 3) were too deaf or senile to be interviewed, or 
4) refused to be interviewed. Major vascular surgery was defined as those 
patients having one of the following operations: 1 ) carotid endar
terectomy, 2) aortic surgery, 3) lower extremity vascular reconstruction, 
and 4) miscellaneous major vascular reconstructions. Prior to each opera
tion the procedure and its major complications were explained in detail 
with an oral discussion by the attending surgeon and/or chief resident. 

Ninety patients were contacted and interviewed. The following ques
tions were asked in this order: 

1. Name. 
2. Social security number. 
3. Type of surgery. 
4. Date of surgery. 
5. a. "Who explained the procedure to you? chief resident? attending?" 

b. "Did you feel you were well informed about the surgery?" 
c. "Did you feel you were well informed of the possible risks and possi

ble complications?" 

Questions regarding the surgery: 

6. a. "Did they operate on an artery, vein, or both?" 
b. "Did they bypass, repair, or replace the vessel?" 
c. "What material was used?" 
d. "Does an artery take blood away from or toward the heart?" 

Questions regarding complications: 

7. "What are the potential complications of this operation?" 

Questions regarding patient satisfaction with the information received in 
the consent process: 

8. a. "Do you wish you understood the operation better?" 
b. "Do you wish you knew more about the risks and potential com-

plications?" 
9. "Did you experience a complication?" 

Acceptable answers for question 7 (regarding risks and possible surgical 
complications are listed in Table 40.1. 

Adequate knowledge regarding the operation was defined as correctly 
answering three or more parts on question 6. Adequate knowledge of com
plications was defined as accurately identifying 60% of the possible re
sponses as defined in Table 40.1. 
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TABLE 40.1. Complications. 

Type of surgery Possible complications 

Carotid 
Aorta 

stroke, M.I., bleeding, infection, restenosis 
M.I., bleeding, infection, renal failure, leg ische

mia, impotence, lung problems 
Lower extremity M.I., occlusion, infection, bleeding, amputation 

Results 

All patients were male and 50% (45/90) were over age 65 (Table 40.2). 
There were 21 carotid endarterectomies, 26 aortic operations, 31 lower 
extremity revascularizations and 12 miscellaneous major vascular proce
dures (Table 40.3). Ninety-six percent (86/90) of the patients answered that 
they felt "well informed about the operation," but only 56% of the patients 
had an adequate knowledge of the surgical procedure. Similarly, 88% (79/ 
90) of the patients considered themselves "well informed about the surgical 
risks and complications," but only 10% (9/90) had an adequate knowledge 
of the risks and possible complications (Table 40.4). 

TABLE 40.2. Demographic data. 

% men 
age range 
<45 
45-65 
>65 

TABLE 40.3. Types of surgery performed. 

Carotid endarterectomy 
Aortic surgery 
Lower extremity 
Miscellaneous 

100% (90/90) 
40-82 
1 % (1/90) 
49% (44/90) 
50% (45/90) 

23% (21/90) 
29% (26/90) 
35% (31/90) 
15%(12/90) 

TABLE 40.4. Comparison of patients' perception of being informed and their 
performance of the basic test. 

Patients who felt "well informed about the operation" 
Patients with an adequate knowledge of the operative procedure 
Patient "well informed of potential risks/complications" 
Patients with an adequate knowledge of the risks/complications 

96% (86/90) 
56% (50/90) 
88% (79/90) 
10% (9/90) 
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TABLE 40.5. Time interval after surgery vs. score. 

% of correct answers % of correct answers 
Months N regarding surgery regarding complications 

>9 16 53 12 
7-9 6 79 32 
4-6 14 71 22 
0-3 54 69 28 
Mean score 67 24 

After being asked these questions about the surgical procedure, 27 pa
tients stated that they wished they understood their surgery better. The 
average score of these patients was 63% as compared to 67% for those 
patients who felt they understood their operation adequately. In a similar 
comparison, 26 patients stated that they wished they had understood the 
risks and complications better. These patients correctly answered an aver
age of 14% of the complication questions as opposed to a score of 24% for 
those patients who felt they understood the risks and complications. Table 
40.5 shows the time interval between surgery and the interview vs. score. 

Discussion 

The informed consent of patients to surgical treatment has been a subject 
of concern within the medical and legal community as early as the 1900s.1 
At first the issue was whether any consent should be obtained. Then later, 
the importance of the quality of the informed consent was emphasized. 
The legal community originally required physicians to provide their 
patients with similar information to that which other physicians were 
providing-the "community of physicians' peers" standard.2 This later 
evolved into the consent, including those facts that "a reasonable man 
would want to know." 

From our data only 56% of the patients had an adequate understanding 
of the operative procedure, but 96% felt they were well informed! This 
obvious discrepancy may be due to our technique of interviewing the pa
tients, but is more likely due to the patients consciously or subconsciously 
ignoring the facts. Especially if the operation and recovery were uncompli
cated, the patient has no stimulus to recall what was done. That patients 
selectively listen is further demonstrated by the large discrepancy between 
88% of the patients who thought they were well informed about the com
plications and the 10% who had an adequate knowledge of the complica
tions. Learning about the possible risks and complications of an operation 
is not a pleasant task and this information was undoubtedly suppressed or 
just ignored. 
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Several studies have examined the informed consent process. AlfidP 
studied the effects of disclosure on angiography patients. He found an 
overwhelming majority of patients consented to the procedure following 
comprehensive written and oral explanation, however, a third of patients 
admitted to being disturbed by this information. Cassileth and associates4 

of the University of Pennsylvania Cancer Center examined reasons why 
200 cancer patients could not recall major portions of their consent form or 
discussion. They found three factors associated with poor recall: education 
level, medical status, and the care with which the consent was read. 

Conclusion 

Should the consent process be changed? Mazur! has defined the negative 
aspects of informed consent to be: "overloading patients with detailed in
formation they may not want, presenting patients with numerical informa
tion they may not understand, and patients' lack of an overall framework 
to compare the risks of the procedures they are facing now with other risks 
in their own life (relative risk). The goal of increasing a patient's under
standing of the procedure, the alternatives, and complications should be 
maintained. Possible methods of improving patients' understanding and 
recall include drawing diagrams, writing key points, and including other 
family members in the discussion. Since the informed consent is now an 
integral part of patient care in the United States, the limitations of both the 
patient and the physician in achieving this goal need to be recognized. 
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