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 1 The anesthesiologist may have greater influence in reducing 
the morbidity and costs of vascular surgery than in any other 
surgical procedure.

 2 Atherosclerosis is a generalized inflammatory disorder of the 
arterial tree with associated endothelial dysfunction.

 3 The absence of severe coronary stenoses can be predicted 
with a positive predictive value of 96% for patients without 
diabetes, prior angina, previous myocardial infarction (MI), or 
congestive heart failure (CHF).

 4 The latest guidelines suggest continuing aspirin therapy in all 
patients with a coronary stent and discontinuing clopidogrel 
for as short a time interval as possible for patients with bare-
metal stents <30 days or drug-eluting stents <1 year.

 5 Despite the initial enthusiasm for perioperative β-blockade, 
newer studies have demonstrated that β-blockers may not be 
effective in lower-risk patients or if heart rate is not well controlled.

 6 Unfortunately, despite promising bench and animal research, 
there is currently no clinical evidence to support the beneit of 
any pharmacologic intervention or protection strategy.

 7 Vascular surgery patients are at high risk for postoperative 
nervous system disease, including delirium, stroke, and spinal 
cord ischemia.

 8 There is some clinical evidence that elevation of blood pressure 
to “normal” levels during awake CEA can reverse developing 
neurologic deicits. Nonetheless, hypotension and hypo-
perfusion are not the most common cause of stroke after CEA; 
embolic events may be even more important, and often occur 
postoperatively.

 9 EVAR is increasingly being considered for patients with smaller 
AAAs. The decision on which treatment modality is best for a 
large AAA usually depends on three variables: AAA size, AAA 
morphology, and patient perioperative risk. In general, EVAR 
has lower perioperative risk than OAR, but similar 2-year 
mortality.

 10 The most common cause of emergency aortic repair is a 
leaking or ruptured aortic aneurysm. Ruptured aneurysms 
carry an associated mortality roughly 10 times greater than 
elective repair.

C H a P T e R 
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VASCULAR DISEASE:  

EpIDEMIOLOgIC, MEDICAL,  

AND SURgICAL ASpECTS

The anesthesiologist may have greater influence in reducing the 
morbidity and costs of vascular surgery than in any other surgi-
cal procedure. Since the mid-1960s, the morbidity from major 
vascular surgery has decreased from a 6-day mortality of >25% 
for major aortic repair to a 30-day mortality of <2% for endovas-
cular abdominal aneurysm repair (EVAR). Anesthetic specializa-
tion has recently been shown to reduce early- and medium-term 
mortality rates for patients undergoing major vascular surgery.1

This chapter begins with a discussion of the pathophysiology 
of atherosclerotic vascular disease (AVD) and the general medi-
cal problems common in patients with peripheral vascular disease, 
particularly coronary artery disease (CAD). Organ protection 
strategies are then presented, with an emphasis on the heart and 
kidneys, among other organs. The speciic surgical goals, anatomy, 
and complications for carotid, thoracic aortic, visceral, abdomi-
nal aortic, and lower extremity revascularization are placed in the 
context of optimal anesthetic management, including recognition 
of the ever-increasing use of endovascular techniques.

Pathophysiology of atherosclerosis

Atherosclerosis is a generalized inlammatory disorder of the 
arterial tree with associated endothelial dysfunction. The com-
monly accepted causes of atherosclerosis are endothelial damage 
caused by hemodynamic shear stress, inlammation from chronic 
infections, hypercoagulability resulting in thrombosis, and the 
destructive effects of oxidized low-density lipoproteins (LDLs). 
Disruption of the ibrous cap over a lipid deposit can lead to 
plaque rupture and ulceration. Vasoactive inluences can result in 
spasm and acute thrombosis. Platelets play a pivotal role in ath-
erothrombosis after plaque rupture. Platelets internalize oxidized 
phospholipids and promote foam cell formation. In fact, platelet 
polymorphisms are independent risk predictors for myocardial 
ischemia following vascular surgery.2

Atherosclerosis develops as a response to injury. The primary 
injurious agents include lipoproteins containing apolipoprotein B, 
the most important of which is LDL. These lipoproteins ilter into 
arterial intima through the endothelium. The entrapped lipoproteins 
then become modiied into proinlammatory substances. In the sub-
endothelial space enriched with atherogenic lipoproteins, most mac-
rophages transform into foam cells. Foam cells aggregate to form the 
atheromatous core and as this process progresses, the atheromatous 
centers of plaques become necrotic, consisting of lipids, cholesterol 
crystals, and cell debris. Monocyte-derived macrophages act as scav-
enging and antigen-presenting cells and also produce several types of 
chemical mediators (e.g., cytokines, chemokines, growth regulating 
molecules) that are involved in inlammation. Adhesion molecules 
expressed by inlamed endothelium recruit leukocytes, including 
monocytes, which then penetrate into the intima, predisposing the 
vessel wall to lipid accretion and vasculitis.

The National Veterans Affairs Surgical Risk Study found that 
low serum albumin values and high American Society of Anesthe-
siologists physical classiication were among the best predictors of 
morbidity and mortality after vascular surgery (Table 39-1).3 Risk 
factors for atherosclerosis include abdominal obesity, atherogenic 
dyslipidemia, hypertension, insulin resistance, proinlammatory 
state, and prothrombotic state. Major risk factors also include 
cigarette smoking, elevated LDL cholesterol (LDL-C), low high-

Odds ratio

Diabetes

Age (per 10 years)

Male gender

Smoking

Hypertension

Dyslipidemia

Hyperhomocysteinemia

Race (Asian/Hispanic/
Black vs. White)

Renal insufficiency

C-reactive protein

1 2 3 4

FIgURE 39-1. Approximate range of odds ratios for risk factors 
for symptomatic peripheral arterial disease. Some of the factors are 
amenable for treatment and can help in secondary prevention of com-
plications of vascular disease. (Reprinted from: Norgren L, Hiatt WR, 
Dormandy JA, et al. Inter-society consensus for the management of 
peripheral arterial disease (TASC II). J Vasc Surg. 2007;45(suppl S):S5, 
with permission.)

TAbLE 39-1.  the ten most imPortant 

PreoPerative PrediCtors 

of PostoPerative 30-day 

mortality after vasCular 

surgery in veteran’s affairs 

mediCal Centersa

Predictor Odds Ratio

Esophageal varices 4.30
DNR status 2.96
Ventilator dependent 2.71
Emergency operation 2.40
ASA class 1.89
Creatinine >1.2 mg/dL 1.48
BUN >40 mg/dL 1.47
Operative complexity score 1.32
Age 1.03
Albumin 0.61

aAll variables are statistically signiicant (p < 0.05) and were selected after step-
wise multivariable analysis.
BUN, blood urea nitrogen; DNR, do not resuscitate.
Modiied from: Khuri SF, Daley J, Henderson W, et al. Risk adjustment of the postop-
erative mortality rate for the comparative assessment of the quality of surgical care: 
Results of the National Veterans Affairs surgical risk study. J Am Coll Surg. 1997;185:315.

density lipoprotein, family history of premature coronary heart 
disease, and aging; emerging risk factors include elevated triglyc-
erides and small LDL particles. The relative contribution of these 
risk factors varies (Fig. 39-1).5

1
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natural History of Patients with  
Peripheral vascular Disease

Atherosclerosis is one of the most important and common causes 
of death and disability in the United States and throughout the 
world. More than 25 million persons in the United States have 
at least one clinical manifestation of atherosclerosis. Through-
out the past 50 years, coronary artery atherosclerosis has been a 
major focus for basic and clinical investigation. However, ath-
erosclerosis must be recognized as a systemic disease with impor-
tant sequelae in many other regional circulations5 (Fig. 39-2).

Stroke is the third leading cause of death and the principal 
cause of long-term disability in the United States. Six hundred 
thousand new or recurrent strokes occur annually. The risk of 
stroke is relatively uncommon (0.4% to 0.6% of patients) after 
noncarotid peripheral vascular surgery, but when it occurs it 
is associated with longer length of stay and higher mortality.6 
The principal clinical syndromes associated with aortic athero-
sclerosis are abdominal aortic aneurysms (AAAs), aortic dissec-
tion, peripheral atheroembolism, penetrating aortic ulcer, and 
intramural hematoma. Patients with peripheral arterial disease 
(PAD), which is atherosclerosis affecting the limb, can develop 
disabling symptoms of claudication or critical limb ischemia. 
The prevalence of claudication is 2% among older adults, but 
10 times as many elderly patients have asymptomatic lower 
extremity atherosclerosis. PAD affecting the lower extremities 
can be detected by the ankle–brachial index: The ratio of the 
highest systolic ankle blood pressure to the highest systolic arm 
blood pressure. The ankle–brachial index is the single best ini-
tial screening test to perform in a patient suspected of having 
PAD. The index is obtained with a blood pressure cuff and a 
hand-held continuous-wave Doppler. A ratio <0.9 is considered 
abnormal and <0.4 is often associated with limb-threatening 
ischemia.

Catheter-based angiography is the standard method for diag-
nosing the PAD, against which all other imaging modalities are 
compared for accuracy. However, recent advances in noninvasive 
angiography (magnetic resonance angiography and computed 
tomographic angiography) enable excellent noninvasive deini-
tion of the vascular anatomy. Carotid intima-media thickness 
is increasingly used as a surrogate marker for atherosclerosis. 
A meta-analysis found carotid intima-media thickness to be a 

strong predictor of future vascular events,7 though it does not 
signiicantly improve the Framingham and SCORE models for 
prediction of cardiovascular endpoints.8

AAAs occur in up to 5% of men older than 65 years; most of 
these aneurysms are small and require only infrequent follow-
up. The risk of rupture is very low for AAAs ≤4 cm in diameter 
but rises exponentially for AAAs >5 cm. AAAs between 4 and 
5 cm in diameter should be followed every 6 to 12 months to 
determine whether they are increasing in size. It is interesting 
to note that baseline hemoglobin concentration is independently 
associated with AAA size and reduced long-term survival follow-
ing intervention for treatment. Thus the presence or absence of 
anemia offers a potential reinement of existing risk stratiication 
methods.9

medical Therapy for atherosclerosis

Continuation of chronic medical therapy, including use of anti-
hypertensives such as β-blockers and angiotensin-converting 
enzyme (ACE) inhibitors, statin drugs, aspirin, and control of 
hyperglycemia with hypoglycemics and/or insulin, may reduce 
perioperative morbidity and mortality in vascular surgery. Pre-
vention of infection, including meticulous foot care in diabetic 
patients, is important to avoid tissue loss. Lifestyle changes such 
as weight loss and exercise can forestall claudication. The use 
of statin drugs may reduce progression or even cause regres-
sion of atherosclerotic plaques, improve endothelial function, 
and reduce cardiovascular events in high-risk patients. Patients 
with high cardiac risk undergoing vascular surgery who received 
preoperative statin therapy were less likely to die.10 Statin use is 
also associated with improved graft patency, limb salvage, and 
decreased amputation rate in patients undergoing infrainguinal 
bypass for AVD. Similar to β-blocker therapy, discontinuation 
of statin therapy for 4 days surrounding major vascular surgery 
is associated with an increased postoperative cardiac risk.11 ACE 
inhibitors have numerous beneicial effects in patients with AVD, 
including plaque stabilization. Cessation of smoking may be the 
most effective “medical” therapy.

Chronic therapy with aspirin or other anti-inlammatory 
drugs may retard the progression of atherosclerosis and prevent 
morbid cardiovascular events. A recent meta-analysis found the 
time interval between discontinuation of aspirin and occurrence 
of vascular events to be 14.3 ± 11.3 days for acute cerebral events, 
8.5 ± 3.6 days for acute coronary events, and 25.8 ± 18.1 days 
for acute peripheral arterial syndromes.12 The recently reported 
RECO study suggested that discontinuation of aspirin for more 
than 5 days in patients with coronary stents is a major predic-
tor of adverse cardiac events.13 In patients undergoing peripheral 
vascular surgery, continuation of clopidogrel within 48 hours was 
not associated with an increased incidence of major bleeding.14 
The STRATAGEM trial randomized patients using antiplatelet 
agents for secondary prevention of CAD to either continuation 
of aspirin or placebo from 10 days before until the morning of 
surgery.15 Patients with coronary stents were excluded. There 
was no signiicant difference in the composite outcome of major 
thrombotic and bleeding adverse events occurring within 30 
days of surgery. The use in cyclooxygenase 2 (COX-2) inhibi-
tors of patients with AVD is unclear at present, with studies sug-
gesting increased cardiovascular events with long-term use.16 In 
general, patients should continue to take aspirin until the day of 
surgery for carotid and lower extremity surgery, and individual-
ize the choice for larger operations. In urgent situations when 
patients develop acute ischemia, systemic anticoagulation may 
be instituted.

Coronary artery disease
44.6%

Cerebral arter y
disease
16.6%

8.4%

1.6%
1.2%

4.7%

PAD
4.7%

FIgURE 39-2. Typical overlap in vascular disease affecting different 
territories. Based on REACH data. PAD, peripheral arterial disease. (Re-
printed from: Norgren L, Hiatt WR, Dormandy JA, et al. Inter-society 
consensus for the management of peripheral arterial disease (TASC II). 
J Vasc Surg. 2007;45(suppl S):S5, with permission.)
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Chronic medical Problems and  
management in vascular surgery Patients

Coronary artery Disease in Patients with  
Peripheral vascular Disease

Almost two decades ago, Hertzer et al.17 performed coronary angi-
ography in 1,000 consecutive patients presenting for vascular sur-
gery and identiied severe correctable CAD in 25% of the entire 
series. The incidence of signiicant CAD (stenosis >70%) detected 
by angiography was 78% in those with clinical indications of CAD 
and 37% in patients without any clinical indications. However, 
subsequent analysis demonstrated that clinical risk factors still 
predicted the severity of CAD (Fig. 39-3). The absence of severe 
coronary stenoses can be predicted with a positive predictive 
value of 96% for patients without diabetes, prior angina, previous 
 myocardial infarction (MI), or congestive heart failure (CHF).

Short-term postoperative cardiac morbidity and mortal-
ity after vascular surgery is higher than after other types of 
noncardiac surgery. Complications after carotid endarterectomy 
(CEA) are generally less frequent than after other types of vascular 
surgery, but still produce 50% to 100% of the mortality encoun-
tered in vascular surgery patients. The presence of uncorrected 
CAD appears to double 5-year mortality after vascular surgery. 
Percutaneous coronary interventions (PCI) directed at reducing 
perioperative cardiac events do not appear to reduce periopera-
tive myocardial infarction (PMI); however, PCI performed in the 
distant past may be protective after vascular surgery. However, in 
the irst 6 weeks after coronary stent placement, noncardiac sur-
gery carries considerable risks. There are two basic types of stents: 
Bare-metal stents and drug-eluting stents. While drug-eluting 
stents have a reduced incidence of restenosis, they are slow to 
endothelialize, and the exposed stent material remains thrombo-
genic far longer than bare-metal stents (Fig. 39-4).18 Therefore, 
the duration of dual antiplatelet therapy (aspirin 325 mg/day and 
clopidogrel 75 mg/day) differs: 1 month for bare-metal stents, 
12 months or more for drug-eluting stents depending upon the 

3

coronary anatomy. Aspirin is recommended for an indeinite 
period. Under the circumstances that prevent the use of clopido-
grel for 1 year, the recommendations for duration of therapy are 
as follows: 3 months for sirolimus-eluting stents and 6 months 
for paclitaxel-eluting stents.19 Several reports suggest that drug-
eluting stents may represent an additional risk over a prolonged 
period (up to 12 months), particularly if antiplatelet agents are 
discontinued.20 However, a case series suggests that an elevated 
risk continues beyond 1 year.21 The latest guidelines suggest con-
tinuing aspirin therapy in all patients with a coronary stent and 
discontinuing clopidogrel for as short a time interval as possible 
for patients with bare-metal stents <30 days or drug-eluting stents 
<1 year.22 On the basis of the nonperioperative literature, there is 
a suggestion that holding clopidogrel for the traditional 8 days 
may not be necessary suggesting a shorter period of time may be 
optimal.23 As noted above, there is increasing evidence to suggest 
that surgery can be performed with a low risk of bleeding if anti-
platelet agents are continued until the day of surgery.

Recently, two distinct types of PMI: “Early” and “delayed” 
occurring after vascular surgery have been identiied. Early PMI 
resembles that of acute nonsurgical MI and is probably due to 
acute coronary occlusion resulting from plaque rupture and 
thrombosis. The “delayed PMI” is associated with sustained ele-
vation of heart rate, absence of chest pain, and prolonged pre-
monitory episodes of ST segment depression before overt MI. 
The delayed PMI resembles that resulting from increase in oxygen 
demand in the setting of ixed coronary stenosis.24 Myocardial 
oxygen supply may be diminished by anemia or hypotension, 
whereas oxygen demand may be increased by tachycardia and 
hypertension resulting from postoperative pain, withdrawal of 
anesthesia, or shifts in intravascular volume. Even small changes 
in cardiac troponin-I (cTnI) or cardiac troponin-T (cTnT) after 
surgery are associated with a worse perioperative and 6-month 
outcome, with a dose-response relationship.25 As a result, the new 
deinition of MI requires the rise and fall of biochemical marker 
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FIgURE 39-3. Clinical risk factors predict severe (left main or triple 
vessel) coronary artery disease. A preoperative clinical index (diabetes 
 mellitus, prior myocardial infarction, angina, age older than 70 years, 
congestive heart failure) was used to stratify patients. ANG (+), angio-
gram positive for coronary artery disease; ANG (−), angiogram negative 
for coronary artery disease; INT, intermediate. (Based on data from: Paul 
SD, Eagle KA, Kuntz KM, et al. Concordance of preoperative clinical risk 
with angiographic severity of coronary artery disease in patients under-
going vascular surgery. Circulation. 1996;94:1561; secondary analysis of 
data from: Hertzer NR, Beven EG, Young JR, et al. Coronary artery disease 
in peripheral vascular patients: A classification of 1000 coronary angio-
grams and results of surgical management. Ann Surg. 1984;199:223.)

FIgURE 39-4. Scanning electron micrographs from overlapping bare 
metal stents (Bx) and drug-eluting stent DES implanted in the rabbit iliac 
artery model for 28 and 90 days. Note significantly less endothelializa-
tion in Cypher and Taxus DES as compared with Bx Velocity and Express, 
especially at overlapping sites at 28 days. At 90 days, the luminal surface 
in overlapping DES is still not fully endothelialized. Arrows indicate the 
overlapping regions. (Reprinted from: Finn AV, Nakazawa G, Joner M, 
et al. Vascular responses to drug eluting stents: Importance of delayed 
healing. Arterioscler Thromb Vasc Biol. 2007;27:1500, with permission.)
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of myocardial necrosis together with one of the following clini-
cal or electrocardiogram (ECG) criteria: Ischemic symptoms, 
development of pathologic Q waves, ischemic ECG changes, or 
a coronary intervention.26 Troponin screening is now recognized 
as an effective means of surveillance for perioperative myocardial 
ischemic damage.27 In practical terms, the type of troponin that 
is used for surveillance, cTnI or cTnT is of little concern as both 
have similar diagnostic and risk stratiication capabilities.

Controversy persists as to whether preoperative cardiac risk 
identiication beneits patients. However, in 2007, the American 
Heart Association and American College of Cardiology (AHA/
ACC) revised their guidelines and classiied the clinical predic-
tors of increased perioperative cardiovascular risk (MI, CHF, and 
death) as “major,” “intermediate,” and “minor.”28 The major 
predictors also deined in the guidelines as “active cardiac condi-
tions” are acute MI (<7 days), recent MI (7 to 30 days), unstable 
angina, decompensated CHF, severe valvular disease, and signiicant 
dysrhythmias. Active cardiac conditions, when present, mandate 

intensive management, which may result in delay or cancellation of 
surgery unless it is emergent. “Intermediate predictors” also deined 
in the guidelines as “clinical risk factors” are history of ischemic 
heart disease (e.g., current or prior angina pectoris or prior MI), 
past or compensated CHF, diabetes mellitus, renal insuficiency, 
or cerebrovascular disease. Minor predictors (recognized markers 
for cardiovascular disease that have not proven to increase peri-
operative risk independently) are age >70 years, abnormal ECG, 
rhythm other than sinus, and uncontrolled systemic hypertension. 
The guidelines place aortic and peripheral vascular surgery in the 
“high-risk” surgery category with an estimated cardiac risk (MI or 
cardiac-related death) exceeding 5%. CEA and most endovascular 
procedures are regarded as the “intermediate-risk” category, with 
an estimated cardiac risk ranging from 1% to 5%. With these dei-
nitions, the guidelines apply a stepwise approach to the evaluation 
of the patient incorporating clinical risk factors, exercise capacity 
(deined in terms of metabolic equivalents), and urgency of surgery 
(Fig. 39-5).

Step 1

Step 2

Step 3

Step 4

Step 5

Need for emergency
noncardiac surgery?

Active cardiac
conditions*

Low risk surgery

Good functional capacity
(MET level greater than or

equal to 4) without symptoms

3 or more clinical
risk factors‡

1 or 2 clinical risk factors‡
No clinical

risk factors‡

Yes

(Class I, LOE C)

No

Yes

(Class I, LOE B)

Yes

(Class I, LOE B)

Yes

(Class I, LOE B)

Operating room

Evaluate and
treat per ACC/AHA

guidelines

Proceed with
planned surgery

Proceed with
planned surgery

Proceed with
planned surgery

Consider testing if it will
change management

Proceed with planned surgery with HR control
(Class IIa, LOE B) or consider noninvasive testing

(Class IIb, LOE B) if it will change management

Consider
operating room

Perioperative surveillance and
postoperative risk stratification
and risk factor management

No

No

Intermediate
risk surgery

Vascular
surgery

Intermediate
risk surgery

Vascular
surgery

No or unknown

FIgURE 39-5. Cardiac evaluation and care algorithm for noncardiac surgery based on active clinical conditions, known car-
diovascular disease, or cardiac risk factors for patients 50 years of age or greater. *See text for active clinical conditions. Clinical 
risk factors include ischemic heart disease, compensated or prior heart failure, diabetes mellitus, renal insufficiency, and cerebro-
vascular disease. Consider perioperative β-blockade for populations in which this has been shown to reduce cardiac morbidity/
mortality: LOE, level of evidence, see following reference for details. ACC/AHA, American College of Cardiology/American Heart 
Association; HR, heart rate; MET, metabolic equivalent. ACC/AHA 2007 Guidelines on Perioperative Cardiovascular Evaluation 
and Care for Noncardiac Surgery. Circulation 2007;116:e418–e500.
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These guidelines have shifted the paradigm toward periopera-
tive drug therapy aimed at reducing the cardiac risk either with 
no noninvasive cardiac testing or only very highly selective non-
invasive testing when the outcome will result in a change in the 
anesthetic plan. Studies in which the AHA/ACC guidelines were 
used to guide preoperative testing have conflicted as to whether 
using the guidelines can improve outcome.

Preoperative Coronary Revascularization

Myocardial revascularization may have long-term beneits in 
patients with triple-vessel coronary disease or poor left ventricular 
function. However, mortality rates associated with these techniques 
are consistently higher in patients with peripheral vascular disease 
compared with those without. Whether preoperative coronary 
revascularization actually protects against perioperative cardiac 
events is controversial. The multicenter coronary artery revascular-
ization prophylaxis (CARP) trial randomized patients with coro-
nary disease (except left main disease or ejection fraction <20%) 
before elective vascular surgery to either coronary revascularization 
or medical therapy. With state-of-the-art aggressive medical ther-
apy (>80% of patients on β-blockers, >70% on aspirin, and >50% 
on statins in both groups), they could ind no beneit to coronary 
revascularization.29 A subsequent subgroup analysis of CARP trial 
examined the value of coronary artery bypass graft (CABG) versus 
percutaneous transluminal coronary angioplasty (PTCA) in those 
requiring coronary revascularization. Patients having a CABG had 
fewer MIs and tended to spend less time in the hospital after vascu-
lar surgery than patients having PTCA.30 In patients who underwent 
coronary angiography in both the randomized and nonrandomized 
portion of the CARP trial, only the subset of patients with unpro-
tected left main disease showed a beneit with preoperative coronary 
artery revascularization.31 Thus, preoperative coronary revascular-
ization (surgical or interventional) may be of no value in preventing 
cardiac events except in those patients in whom revascularization 
is independently indicated for acute coronary syndrome. High-risk 
patients should have surveillance for myocardial ischemia (typi-
cally troponin I or T) and risk-reducing strategies (including heart 
rate control). Should coronary revascularization be required before 
vascular surgery, then surgical revascularization is a suitable option 
compared with PCI. The safe time interval between surgical revas-
cularization and vascular surgery is 4 to 6 weeks for surgical coro-
nary revascularization and 2 weeks for coronary angioplasty. The 
safe interval for stents is much longer (see previous discussion).

The DECREASE trials evaluated the value of preoperative test-
ing before major vascular surgery. At the time of the writing of this 
chapter, there is some concern regarding the validity of these trials, 
but no trial has been retracted. In DECREASE II, 770 patients hav-
ing major vascular surgery and considered as having intermediate 
cardiac risk, deined as the presence of 1 or 2 cardiac risk factors, 
were randomized to either further risk stratiication with stress 
imaging or proceed directly to surgery.32 All patients received 
preoperative bisoprolol with a targeted heart rate (HR) of 60 to 
65 initiated before, and continued after surgery. The 30-day inci-
dence of cardiac death and nonfatal MI was similar in both groups 
(1.8% in the no testing group vs. 2.3% in the tested group). The 
conclusion of the authors was that further risk stratiication in this 
group of patients considered at intermediate risk based on clinical 
history alone was unnecessary as long as perioperative β-blockers 
were used, and testing only delayed necessary vascular surgery. In 
a pilot study (DECREASE V), 101 patients with three or more risk 
factors and a markedly positive stress test were randomized to cor-
onary revascularization versus medical therapy. In those patients 
in whom there was successful revascularization, there was signii-
cant improvement in long-term outcome.33

other medical Problems in  
vascular surgery Patients

Correcting hypertension gradually over days to weeks before sur-
gery allows for normalization of intravascular volume and cerebral 
autoregulation and results in a more stable perioperative course. 
However, a meta-analysis of 30 observational trials of cardiovas-
cular outcomes after surgery in hypertensive patients suggests 
there is a statistically but “not clinically signiicant” increase in 
cardiovascular events for hypertensive patients.34

Undiagnosed diabetes and abnormal glucose tolerance are com-
mon in vascular patients, and predicts perioperative myocardial 
ischemia.35 Diabetic patients generally have a higher risk of MI and 
wound infection compared with nondiabetics undergoing AAA. 
Glucose management during carotid and thoracic aortic procedures 
may be especially important, in situations in which hyperglycemia 
may exacerbate neurologic injury. Intraoperative management of 
blood glucose concentration is an area of signiicant controversy, 
with some studies demonstrating beneit, particularly in cardiac 
surgery patients. However, two landmark trials of aggressive ICU 
glucose control have yielded opposite results, with the largest and 
most recent demonstrating increased mortality in patients whose 
capillary blood glucose concentration was kept below 110.36

Hypercoagulable states are more common in younger patients 
presenting for vascular surgery and in patients with vascular 
thrombi in unusual sites. Hypercoagulable responses to surgery may 
also predispose patients to vascular graft occlusion after surgery. 
Postoperative abnormalities include elevated ibrinogen levels, anti-
thrombin III deiciency, impaired ibrinolysis, protein C deiciency, 
and protein S deiciency. Heparin-induced thrombocytopenia and 
thrombosis can occur (immunoglobulin G-mediated) after several 
days of exposure to heparin. Treatment includes cessation of all 
heparin, full anticoagulation with a direct thrombin inhibitor, and 
3 weeks of warfarin therapy to prevent arterial thrombosis. Warfa-
rin therapy alone is not recommended as it diminishes protein C 
and S activities and may initially promote thrombosis.

ORgAN pROTECTION IN VASCULAR 

SURgERY pATIENTS

ischemia-reperfusion injury in the vascular 
surgery Patient: fundamental Concepts

Ischemia-reperfusion injury (IRI) is the sine qua non of organ 
failure in vascular surgery patients, and the techniques inherent 
to vascular surgery create a highly speciic milieu that promotes 
multiorgan ischemia-reperfusion. It is important to recognize 
that IRI is an active, biphasic process (ischemia and reperfusion) 
in which both processes contribute to injury. Ischemia/hypoxia 
directly activates antiapoptotic, cell survival, and cell prolifera-
tion pathways in many cell types, including vascular endothelial 
cells and organ cell populations.37 These pathways are rapid, non-
transcriptional, and transcriptional—thus they change the cell 
and organ functions within minutes, and the altered response 
continues for hours to days. In addition, hypoxia, particularly 
if prolonged, results in mitochondrial failure and cell necro-
sis which present neighboring cells with cytotoxic challenges. 
The placement of a vascular clamp directly injures perivascular 
 endothelium and intima, including endothelial cells. Injury and 
activation of endothelial cells triggers both endothelial and non-
endothelial responses, including immune/coagulation activation 
and other potent processes. Finally, reperfusion creates shear 



1118 seCTion vii Anesthesia for Surgical Subspecialties

TAbLE 39-2.  PharmaCologiC ProPhylaxis against aCute vasCular events in Patients 

undergoing vasCular surgery

Intervention Regimen and Remarks Recommendationa

Perioperative 
β-blockade

β-blockers should be continued in patients undergoing surgery who are receiving β-
blockers for treatment of conditions with ACCF/AHA Class I guideline indications for 
the drugs. This represents a signiicant revision to 2009 guidelines based on harm from 
administration of extended-release metoprolol in the POISE trial (see text)

Class I

• Titrated to heart rate and blood pressure (“probably recommended”) in vascular surgery 
patients who have high cardiac risk based on known coronary artery disease preoperative 
testing revealing cardiac ischemia.

• Titrated to heart rate and blood pressure (“reasonable”) in vascular surgery patients who 
have high cardiac risk based on risk factors alone.

Class IIa

α2-agonists Pretreatment with oral clonidine 300 µg at least 90 min before surgery and therapy 
continued for 72 h (oral or transdermal, 0.2 mg/d). IV clonidine 300 µg daily can also 
be administered for 72 h.

Class IIb

Statin therapy Statins should be continued in patients already taking statins. Class I
Typical dose of atorvastatin is 20 mg once daily initiated at least 45 d prior to surgery. 

Withdrawal of statin therapy for >4 d after vascular surgery is associated with 
increased risk of cardiac complications. Administration of extended-release luvastatin 
preoperatively appears ideal when prolonged postoperative ileus is expected. Statin use 
is also associated with improved graft patency, limb salvage, and decreased amputation 
rate in patients undergoing infrainguinal bypass for atherosclerotic vascular disease.

Class IIa

Calcium channel 
blockers

Reduced perioperative adverse cardiac events; including supraventricular tachycardia 
in patients undergoing various types of noncardiac surgery (primarily diltiazem). 
Evidence limited in patients undergoing vascular surgery.

Class IIb

Nitroglycerin Not indicated for myocardial ischemia prophylaxis or initial treatment. May be used to 
treat arterial hypertension or elevated cardiac illing pressures or suspected coronary 
vasospasm.

Class III

aClass I recommendation refers to conditions for which there is evidence or general agreement that a given procedure or treatment is useful or effective; class III refers 
to conditions for which there is evidence and/or general agreement that the procedure/treatment is not useful/effective or in some cases may be harmful. Class II rec-
ommendations fall in between and indicate conditions for which there is conlicting evidence or a divergence of opinion about the usefulness/eficacy of a procedure/
treatment. Class IIa indicates that the weight of evidence/opinion is in favor of usefulness/eficacy. Class IIb indicates that the usefulness/eficacy is less well established 
by evidence/opinion. In simple terms, class I recommendations are the “dos,” class III recommendations are “don’ts,” and class II recommendations are the “maybes.” 
Calcium channel blockers, although not recommended as independent agents for the purpose, should be continued if a patient is receiving them.
IV, intravenous; ACE, angiotensin-converting enzyme; MI, myocardial infarction.

stress as well as other changes that further activate endothelium 
and may induce other injurious or dysregulated processes. Over-
all, IRI leads to immune activation and translocation of immune/
inlammatory cells such as macrophages, vascular paracrine 
dysregulation via secretion of vasoconstricting and vasodilating 
agents (endothelin-1, NOS, epoxyeicosatrienoic acids), and mas-
sive, dysregulated release of inlammatory cytokines.

Thus, IRI, particularly in vascular surgery patients, is a highly 
complex micro- and macrophysiologic process. This helps explain 
why single interventions aimed at single components of this 
process (e.g., increasing blood pressure to maximize low) have 
proven ineffective in clinical studies. More importantly; however, 
this complexity is the reason why it is important to understand 
the rationales behind the many potential interventions.

Prevention of myocardial injury

Pharmacologic approaches

Administration of β-blocking agents for primary prevention of peri-
operative cardiac events has been the focus of intense scrutiny. Many 
small trials suggest beneit, and meta-analyses of such data suggest 
that such strategies reduce the risk of perioperative myocardial isch-
emia (Table 39-2).38 Despite the initial enthusiasm for periopera-5

tive β-blockade, newer studies have demonstrated that β-blockers 
may not be effective in lower-risk patients or if heart rate is not 
well controlled. The POISE trial enrolled 8,351 high-risk β-blocker 
naive patients and randomly assigned them to high-dose, extended-
release metoprolol or placebo.39 There was a signiicant reduction 
of the primary outcome of cardiovascular events, associated with a 
27% reduction in MI rate, but with a signiicantly increased rate of 
30-day all-cause mortality and stroke. Although the increased risk of 
stroke may have been due to hypotension associated with the large 
dose of metoprolol in β-blocker naive patients, the magnitude of the 
risk was far in excess of the magnitude of the beneit. Overall, these 
data suggest that administration of β-blocking agents for primary 
prevention of perioperative MI is both potentially beneicial and 
dangerous. The current ACCF/AHA guidelines on perioperative 
β-blockade advocate that perioperative β-blockade is a Class I indi-
cation in patients previously receiving β-blockers,22 and β-blockers 
titrated to heart rate and blood pressure for patients undergoing 
vascular surgery who are at high cardiac risk owing to CAD or 
the inding of cardiac ischemia on preoperative testing (Class IIa). The  
recommendations discourage the routine use of higher-dose, 
 nontitrated regimens started on the day of surgery. Flu et al.40 
 demonstrated that β-blocker treatment initiated >1 week before 
surgery is associated with less troponin-T release and fewer strokes 
compared with treatment initiated <1 week before surgery.
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Commonly employed strategies for β-blocker administra-
tion in vascular surgery patients initiate oral therapy 7 to 30 days 
before with either atenolol 50 to 100 mg daily or metoprolol 25 to 
50 mg (either extended-release once daily, or immediate-release 
twice daily). The intraoperative and postoperative periods are 
managed by intravenous administration of metoprolol titrated  
to heart rate and blood pressure. Alternatively, esmolol 50 to 
500 µg/kg may be given intravenously over 1 minute followed by 
infusion of 50 to 300 µg/kg/min to achieve the target heart rate. It 
is important to recognize that some preparations of intravenous 
esmolol are dilute enough that administration of high dose infu-
sions over 10 or more hours can result in hypervolemia and CHF, 
a complication that has been observed by the authors. In patients 
already taking β-blockers, they are continued to the day of sur-
gery and followed by intravenous therapy to achieve the target 
heart rate as described previously.

α2-adrenergic agonists (clonidine or mivazerol) have been 
investigated as cardioprotective agents in the perioperative envi-
ronment. The data supporting these medications are intriguing 
but not yet supported by large randomized trials. A meta-analysis 
suggests beneicial effects of perioperative α2-agonists with regard 
to cardiac morbidity and death in patients undergoing vascular 
surgery.41 This analysis included dexmedetomidine (DEX), which 
was not beneicial in its own meta-analysis,42 perhaps suggesting 
the effects of other α2-agonists might be beneicial if assessed 
alone. The authors have evaluated transdermal clonidine (0.2 mg/
day) initiated the night before surgery, and 0.3 mg oral clonidine 
administered 60 to 90 minutes before surgery. Clonidine reduced 
intraoperative myocardial ischemia and catecholamine levels as 
measured on the irst postoperative day.43

ACCF/AHA guidelines and an increasing volume of data sup-
port consideration of HMG-CoA reductase inhibitors (statins) 
for primary prevention of perioperative MI in vascular surgery 
patients. Two randomized trials have demonstrated reductions in 
adverse cardiac outcomes with statin use (atorvastatin 20 mg daily 
started 30 days before surgery or luvastatin 80 mg daily started 
37 days before surgery, both continued for 2 to 4 weeks after sur-
gery).44,45 In addition, a meta-analysis of multiple observational 
trials found that preoperative statin therapy was associated with 
59% reduction in relative risk of mortality after vascular surgery 
while no deinitive conclusions could be drawn on cardiovascu-
lar morbidity.10 Preoperative extended-release luvastatin may be 
of speciic beneit to patients undergoing intra-abdominal vascu-
lar surgery who often have postoperative ileus. It is unclear why 
statins appear to be beneicial, but pleiotropic (nonlipid lower-
ing) effects are thought to be involved. Finally, discontinuation of 
statin therapy (>4 days) after major vascular surgery is associated 
with an increased postoperative cardiac risk, suggesting that statin 
therapy should be resumed early after major vascular surgery.11 
The recent ACCF/AHA guidelines advocate continuing statin 
therapy in patients currently taking statins as a Class I indication.22

ACE inhibitors also have beneicial actions with regard to 
acute vascular events independent of their antihypertensive action 
in patients with AVD. A single retrospective analysis of 3,020 
patients undergoing vascular surgery at Veteran’s Administra-
tion hospitals suggests that ACE inhibitor therapy, in combina-
tion with other cardiovascular agents, may reduce perioperative 
mortality after vascular surgery.46 However, their use in vascular 
surgery is complicated by their potent perioperative hypotensive 
effects, and one trial of in excess of 800 patients found worsened 
outcomes in AAA surgical patients who received preoperative 
ACE inhibitors or angiotensin II receptor blockers (ARBs).47

A meta-analysis suggested beneicial effects of calcium chan-
nel blockers in reducing perioperative adverse cardiac events 
(cardiac-related death, MI, ischemia, or supraventricular tachy-

cardia) in patients undergoing noncardiac surgery, with limited 
numbers of vascular surgery patients.48 The majority of these 
effects were attributable to diltiazem (one of two nondihydro-
pyridine agents). Conversely, the dihydropyridine–calcium chan-
nel blockers have been associated with increased perioperative 
mortality.49 It seems clear that further evaluation of diltiazem as 
a cardioprotective agent is warranted, but to date no randomized 
trial has been conducted. On the basis of the evidence, the authors 
recommend that calcium channel blockers not be employed for 
perioperative cardioprotection.

Because it is a coronary artery dilator, nitroglycerin may seem 
attractive for perioperative prevention of coronary events. How-
ever, use of nitroglycerin may provoke or exacerbate hypotension 
with relex tachycardia, or simply hypotension in the β-blocked 
patient. Several small controlled studies have shown minimal or 
no effect.50–52 Therefore prophylactic nitroglycerin should not be 
contemplated as a cardioprotective strategy.

Choice of anesthetic technique is widely believed to inlu-
ence cardiac outcomes, although data speciic to vascular surgery 
patients is scant. High-dose narcotic anesthetics reduce the stress 
response after major surgery, but mandate overnight ventilation, 
and increase costs and the risk of ventilator-associated adverse 
outcomes. Volatile anesthetics promote preconditioning, reduce 
troponin release, hasten extubation and hospital discharge in car-
diac surgery, as well as reducing death and MI compared with 
intravenous anesthetics.53,54 Whether these indings are transfer-
able to vascular surgery is unclear; however, and the best available 
data, a single randomized controlled trial of 88 patients, demon-
strated no effect on troponin or mortality.55

nonpharmacologic approaches

Epidural analgesia may reduce perioperative myocardial isch-
emia because preload and afterload are reduced, the postoperative 
adrenergic and coagulation responses are reduced, and with tho-
racic administration, the coronary arteries are dilated. Although 
effects on cardiac outcomes in small trials have been mixed, a meta-
analysis of these trials suggests that thoracic epidurals may reduce 
postoperative MI in high-risk patients undergoing major abdomi-
nal and vascular surgery.56 In addition, a Cochrane review of epi-
dural analgesia for abdominal aortic repair found a statistically 
signiicant reduction (with relative risk 0.5) in postoperative MI in 
the treatment group, an effect which was more pronounced in the 
thoracic epidural (vs. lumbar) group.57 No randomized trial data 
exists to support the choice of epidural analgesia for open abdomi-
nal surgery; however, available data suggest it may be beneicial.

Anemia is an independent predictor of adverse short- and 
long-term cardiac outcomes in vascular surgery patients.58,59 
However, it is important to recognize that red blood cell transfu-
sion represents far more than simple treatment of anemia—rather 
it is administration of a highly active biologic agent with pleiotro-
pic effects. In general, vascular surgery patients are at high risk for 
myocardial ischemia and this has resulted in a more liberal trans-
fusion strategy in this population at most centers. However, as in 
other surgical populations, and even after adjusting for propensity 
and severity of illness, transfusion worsens important outcomes 
including survival after vascular surgery.60 In addition, emerging 
data also undermines the notion that transfusion improves out-
comes in patients with myocardial ischemia and MI61 and may 
support the idea that restrictive transfusion practices are safe for 
critically ill patients with known CAD. In contrast, Beattie et al.62 
used a propensity matched design of patients undergoing surgery 
from his center and found that β-blocked patients do not toler-
ate surgical anemia when compared with patients who are naive 
to β-blockers. Therefore, it may be critical to maintain adequate 
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hemoglobin levels in β-blocked patients. It is important to recog-
nize that all packed red cell units are not the same, and that stor-
age time may be directly related to adverse outcomes.63

Postoperative management, beginning in postanesthesia care 
unit (PACU), may affect cardiac outcomes. Maintenance of nor-
mothermia is cardioprotective,64 and should be pursued unless 
whole-body hypothermia is being employed as an organ-protective  
strategy (e.g., after cardiac arrest). Whether hypothermia is intended 
or not, its adrenergic consequences (shivering, tachycardia, hyper-
tension) should be treated. In addition, aggressive postoperative 
surveillance may reduce cardiac risk as suggested by Monte Carlo 
simulation studies.65

Finally, the emergence of EVAR has prompted the hope that 
this procedure might reduce cardiac risk relative to open repair. 
Unfortunately, trials of open versus endovascular repair (OVER) 
have generally found no signiicant difference in the rate of 
cardiac complications. However, one randomized trial of 881 
patients found a trend toward more events in the open repair 
group,66 and a more recent study in patients of low to moderate 
risk found that EVAR was associated with a lower risk of minor, 
but not major cardiac complications.67 Given the size of these 
studies, it is unlikely that EVAR will prove a very signiicant car-
diac risk reduction when compared with open repair.

Prevention of Kidney injury

etiology and epidemiology of Kidney injury

Perioperative acute kidney injury (AKI) is a common complica-
tion of vascular surgery and is associated with high morbidity 
and mortality. The incidence of AKI is between 16% and 22% 
of patients undergoing aortic surgery.68 Postoperative mortality 
is four- to ivefold higher in those who develop AKI when com-
pared to those who do not and minor elevations in serum creati-
nine are related to increased morbidity and mortality.69

The pathophysiology of perioperative AKI is multifactorial, with 
renal IRI playing a major role. In addition to IRI, the use of nephro-
toxic drugs such as ACE inhibitors, nonsteroidal anti-inlammatory 
drugs (NSAIDs), aminoglycosides, and diuretics in the periopera-
tive period can contribute to AKI. Other processes contributing to 
perioperative AKI during vascular surgery include atheroemboli-
zation to renal arteries during surgical manipulation of the aorta 
and surgical injury to the renal arteries themselves. In addition, 
rhabdomyolysis secondary to injury or immobilization is com-
mon in vascular surgery patients.

Preoperative renal dysfunction is the most powerful predictor 
of postoperative renal dysfunction. Patients with pre-existing renal 
insuficiency have an increased risk of postoperative renal failure, as 
well as cardiac complications and death. If patients receive chronic 
dialysis treatments, they should receive dialysis on the day before 
or the same day as surgery. Some patients will actually be hypovo-
lemic as a result, which can contribute to hypotension with induc-
tion of general or regional anesthesia. Interestingly, women have 
an increased incidence of perioperative AKI than men following 
cardiac and vascular surgeries. This is in contrast to the general sur-
gical population including all age groups, in which women seem to 
be protected from AKI when compared to men.70 Of note, women 
undergoing cardiac and vascular surgeries are older and more likely 
to be postmenopausal when compared to other women having 
surgeries, suggesting that estrogen plays a role in this protection.71

Several intraoperative factors including hemodynamic insta-
bility, the need for inotropic support, and the transfusion of 
greater than ive units of packed cells or autologous blood can 
predict postoperative kidney injury.72 In aortic surgery, the level 
of aortic clamping is correlated with postoperative kidney dys-

function, with suprarenal cross-clamping of the aorta placing 
the kidneys at the highest risk. With suprarenal occlusion, renal 
blood low decreases by 80%. Even with infrarenal aortic clamp-
ing, renal blood low is still reduced by 45%. These renal hemody-
namic changes do not immediately revert after clamp release, and 
persist for at least 30 minutes beyond the systemic cardiovascular 
return to baseline. In addition, prolonged aortic cross-clamp time 
(ischemia time) is associated with elevated postoperative creati-
nine values.73 Interestingly, intraoperative urine output is not 
predictive of postoperative renal function.74

In thoracic aortic repair, there are studies that suggest that an 
endovascular rather than open surgery may decrease the risk of peri-
operative AKI, especially in those patients identiied as high risk.

Pharmacologic approaches

Unfortunately, despite promising bench and animal research, there 
is currently no clinical evidence to support the beneit of any phar-
macologic intervention or protection strategy. Regardless, the use 
of mannitol, loop diuretics, and dopamine are pervasive in clini-
cal practice as many believe that these measures will be beneicial 
for renal protection. Despite the fact that the use of mannitol and 
other diuretics can lead to hypovolemia and thus decreased tis-
sue perfusion. Readers are cautioned that trials of renoprotective 
agents as a group suffer from heterogeneity of outcome measures, 
deinitions of renal failure, methodology, and study populations.

Mannitol is widely used in vascular surgery because it induces 
osmotic diuresis, decreases epithelial and endothelial cell swelling, 
acts as a hydroxyl free radical scavenger, and increases synthesis of 
prostaglandin resulting in renal vasodilation. However, there is no 
evidence of a renoprotective effect of mannitol in vascular surgery 
patients. Similarly, loop diuretics are used intraoperatively to main-
tain urine output, but have not been shown to improve renal out-
come or patient survival. Dopamine infusion of 0.5 to 2 ug/kg body 
weight per minute increases renal plasma low, sodium excretion, 
and glomerular iltration rate (GFR). Unfortunately, multiple ran-
domized trials and meta-analyses have failed to show beneit with 
regard to the outcomes of death or prolonged dialysis.75 Fenoldo-
pam remains an active target of investigation and small studies have 
suggested beneit at the cost of increased complications (largely 
hypotension). Only one study has evaluated the renal effects of 
fenoldopam in vascular surgery, it found no renal beneit.76

Because of their anti-inlammatory and antioxidant effects, 
statins are being examined for their protective effects against peri-
operative AKI. A retrospective, population-based cohort study sug-
gests that in patients older than 64 years undergoing major elective 
surgery, statin use decreased the rate of AKI and reduced perioper-
ative mortality.77 Another retrospective cohort study observed that 
statin use decreased the incidence of kidney dysfunction following 
EVAR with suprarenal endograft ixation.78 Atrial natriuretic pep-
tide (ANP) is also a candidate renoprotective agent which causes 
natriuresis, diuresis, and vasorelaxation. In a recent prospective, 
randomized, placebo-controlled trial, the intraoperative and post-
operative infusions of ANP resulted in lower blood urea nitrogen 
(BUN), creatinine, and plasma B-type natriuretic peptide (BNP).79 
However, trials of ANP for renal protection have suggested a trend 
toward increased mortality with ANP treatment.80

nonpharmacologic approaches

Multiple nonpharmacologic strategies have been employed to 
prevent renal injury during aortic surgery. Selective blood per-
fusion of the renal arteries has been attempted to minimize the 
time of renal ischemia during cross-clamping. Another strategy 
uses cold renal artery perfusion to produce local hypothermia to 
decrease renal oxygen demands. A randomized trial showed that 
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direct intra-arterial infusion of 4° C crystalloid or blood into the 
kidneys decreased the incidence of postoperative renal impair-
ment.81 Remote ischemic preconditioning is thought to prevent 
IRI in multiple organ systems by inducing ischemic-protection 
pathways. Ali et al.82 found that intermittent cross-clamping of 
the internal iliacs reduced the incidence of renal insuficiency 
by 23%. However, repeated clamping of nonoperative arteries 
in patients with severe atherosclerosis likely increases the risk of 
surgical adverse events, and signiicant beneit would need to be 
demonstrated before adoption of such a practice.

It has been widely hoped that morbidity and mortality from 
EVAR would be reduced compared to open aortic aneurysm 
repair. The UK EVAR trials found no long-term difference in renal 
function between open repair and EVAR.83 EVAR decreases kidney 
IRI because of the elimination of aortic cross-clamping; however, 
contrast-induced nephropathy is a signiicant cause of kidney dys-
function. As in open aortic repair (OAR), preoperative kidney func-
tion is the major predictor of postoperative renal complications. 
Because the renal dysfunction in EVAR is believed to stem from the 
use of intravenous contrast pre- and intraoperatively, prevention 
strategies are aimed at minimizing contrast exposure. Magnetic 
resonance angiography or gadolinium-based contrast studies have 
been proposed for patients at risk for contrast-mediated nephropa-
thy. The use of CO2 as contrast media and endovascular ultrasound 
should be used when possible to limit the use of radio-opaque dye. 
Allowing adequate time for renal recovery between preoperative 
studies and EVAR may be of beneit. Other strategies for renal pro-
tection from contrast include the use of N-acetylcysteine, sodium 
bicarbonate, and ensuring adequate hydration.84

Prevention of Pulmonary Complications

Pulmonary complications are common after major vascular surgery 
(10% to 30% of AAA patients) and are associated with increased 
mortality and length of stay.85 Perioperative interventions clearly 
inluence postoperative pulmonary function and likely reduce the 
risk of postoperative respiratory failure, prolonged mechanical 
ventilation, and pneumonia in surgical patients overall. Although 
data speciic to vascular surgery are lacking, many large studies of 
perioperative pulmonary complications include vascular surgery 
patients, in particular patients undergoing aortic repair.

The American College of Physicians guidelines for reduction 
of perioperative pulmonary complications identify abdominal 
surgery, surgery lasting more than 3 hours, emergency surgery, 
preoperative CHF, and preoperative chronic lung disease as 
signiicant risk factors for pulmonary complications. The most 
effective preventive measure is postoperative lung expansion, 
either continuous positive airway pressure (CPAP) or incentive 
spirometry. Anesthetic technique is as an independent risk factor 
for pulmonary complications, with general anesthesia conferring 
an odds ratio of 1.8.86 Although there is some heterogeneity in the 
overall data, the Cochrane Database analysis conirms that post-
operative thoracic epidural analgesia reduces postoperative respi-
ratory failure and duration of mechanical ventilation in patients 
undergoing abdominal aortic surgery.57

Since the initial 2,000 ARDSNET trial reported a mortality 
beneit of low tidal volumes (6 to 8 mL/kg)87 in patients with 
acute respiratory distress syndrome, there has been interest in 
extension of this beneit to the perioperative population. No 
studies address the clinical beneit of lung-protective ventilatory 
strategies in vascular surgery patients. However, indirect data are 
intriguing. Two small clinical studies of surgical patients (in one 
case prolonged procedures, and in the other esophagectomy with 
one-lung ventilation) found reductions in systemic or bronchoal-
veolar lavage inlammatory markers,88,89 and a study of cardiac 

surgery patients found that patients ventilated with low tidal vol-
umes were more likely to be extubated by postoperative hour 6 
and less likely to be reintubated.90 No signiicant data exists to 
suggest that such tidal volumes are harmful.

Choice of procedure and surgical technique may inluence pul-
monary outcome. Aortic clamp site inluences the risk of postop-
erative pulmonary complications (suprarenal vs. infrarenal 25% vs. 
12%).91 In randomized trials, EVAR has not demonstrated reduced 
risk of pulmonary complications when compared with OAR.

In short, postoperative lung expansion with CPAP or incen-
tive spirometry and postoperative thoracic epidural analgesia 
reduce perioperative respiratory complications. There is some 
suggestion that lung protective ventilator strategies used intraop-
eratively may also be protective.

Protection of the Central nervous  
system and spinal Cord

Vascular surgery patients are at high risk for postoperative ner-
vous system disease, including delirium, stroke, and spinal cord 
ischemia. All three of these complications worsen outcomes 
overall and can have devastating permanent consequences to 
the patient and their family. Importantly, anesthesiologists have 
access to effective preventive tools for each of these problems, 
and careful anesthetic management may reasonably be expected 
to improve surgical outcomes.

Prevention of Perioperative Delirium

Delirium (sometimes called “central nervous system failure”) is 
a common central nervous system complication of vascular sur-
gery. Aortic aneurysm surgery is an independent risk factor for 
delirium,92 which in the past has been under-appreciated as a seri-
ous complication leading to severe adverse outcomes. Delirium 
is an independent risk factor for short- and long-term mortality, 
increased ICU and hospital stay, and skilled nursing facility dis-
charge.93 Unfortunately, there are no known effective periopera-
tive interventions to reduce the incidence of delirium as a whole 
and few studies speciically address vascular surgery patients. 
However, the limited available data indicate that age, preop-
erative cognitive dysfunction, depression, previous amputation, 
alcohol abuse, and intraoperative blood transfusion are risk fac-
tors. Alcohol withdrawal remains a common cause of periopera-
tive delirium. In patients who remain sedated postoperatively, 
the anesthesiologist’s detailed social history may provide the only 
available information about preoperative substance use.

Prevention of Perioperative stroke

Stroke is nearly twice as common in patients who have under-
gone AAA repairs than in the general population as long as  
20 years postoperatively.94 Open thoracoabdominal aortic aneu-
rysm repair carries a higher risk of stroke than AAA repair, 
between 1.5% and 3.5%, whereas the overall risk of stroke from 
thoracic endovascular aortic repair (TEVAR) is 2.9%.95 Unfortu-
nately, there is little supporting any preventive measure for stroke 
in vascular surgery patients (other than those undergoing CEA), 
and scant data for surgical patients overall. Patients with symp-
tomatic carotid stenosis beneit from carotid revascularization 
before major vascular surgery. Other potentially modiiable risk 
factors include atrial ibrillation and discontinuation of antiplate-
let therapy, which both increase the risk of perioperative stroke.96 
However, the risks of active management of atrial ibrillation or 
continuation of antiplatelet therapy through surgery have not 
been speciically evaluated in vascular surgery patients.

7
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Prevention of Perioperative  
spinal Cord ischemia

Spinal cord ischemia occurs in 1% to 11% of operations involv-
ing a distal aortic repair. The spinal cord is supplied by two pos-
terior arteries; together, they supply 25% of spinal cord blood 
flow. The anterior spinal artery (Fig. 39-6) supplies 75% of spi-
nal cord blood flow and is the primary supply to the anterolat-
eral cord. The anterior spinal artery is fed by a series of radicular 
arteries arising from the aorta, and collateralization is poor. 
The blood supply to the thoracolumbar cord is derived from the 
radicular artery of Adamkiewicz. In 75% of cases, it joins  
the anterior spinal artery between T8 and T12, and in 10% it 
joins between L1 and L2. Much of the blood flow in the anterior 
spinal artery depends on the artery of Adamkiewicz. Because the 
flow in the spinal arteries depends on collateralization and is 
often bidirectional, the blood supply to the spinal cord can be 
shunted to the rest of the body when perfusion pressures are 
low. Such a situation may arise when a single high aortic occlu-
sion clamp is applied.

Standard measures to prevent spinal cord ischemia include 
short cross-clamping time, maintenance of normal cardiac func-
tion, and high perfusion pressures. In high aortic clamping, other 
methods should be considered (Table 39-3). Some surgeons place 
a Gott shunt, a heparinized tube that can decompress the heart 
and also provide distal perfusion. The Gott shunt can be placed 

proximally into the ascending aorta (the most common site), 
aortic arch, descending aorta, or left ventricle, and inserted dis-
tally into the descending aorta (most commonly), femoral artery, 
or abdominal aorta. Even with a Gott shunt or partial bypass, 
there is an obligatory time of visceral ischemia when the vis-
ceral blood supply arises from a point between the proximal and 
distal clamps. Placement of a shunt may result in atheroembo-
lism, which can produce rather than prevent ischemic injury and 
death. Other surgeons may place a temporary ex vivo right axil-
lofemoral bypass graft before positioning for thoracotomy. After 
the thoracic aortic surgery is completed, the axillofemoral graft 
is removed. The placement of a shunt attenuates the hemody-
namic response to aortic unclamping, reduces acidosis, and could 
conceivably ameliorate the hormonal and metabolic changes that 
accompany aortic occlusion.

Other groups have chosen to use partial bypass, either from the 
left atrium or ascending aorta to the iliac or femoral artery to pro-
vide distal perfusion and decompress the heart. A heat exchanger 
may be used to induce hypothermia, which may be neuropro-
tective. Segmental sequential surgical repair may minimize the 
duration of ischemia to any given vascular bed. Intercostal artery 
reattachment in hopes of preserving blood flow to the anterior spi-
nal cord may be beneicial. After reperfusion, the heat exchanger 
can be used to warm the patient. Other potential advantages of left 
atrial–left femoral artery shunt with centrifugal pump support are 

TAbLE 39-3.  methods of sPinal Cord 

ProteCtion during 

desCending thoraCiC  

aortiC surgery

Limitation of cross-clamp duration
Distal circulatory support
Reattachment of critical intercostal arteries
CSF drainage
Hypothermia

Moderate systemic (32–34°C)
Epidural cooling
Circulatory arrest

Maintenance of proximal blood pressure
Pharmacotherapy

Systemic
Corticosteroids, barbiturates, naloxone, calcium 

channel antagonists, O2 free radical scavengers, 
NMDA antagonists, mannitol, magnesium, 
vasodilators (adenosine, papaverine, prostacyclin), 
perluorocarbons, colchicine

Intrathecal
Papaverine, magnesium, tetracaine, 

perluorocarbons
Avoidance of postoperative hypotension
Sequential aortic clamping
Enhanced monitoring for spinal cord ischemia

Somatosensory evoked potentials
Motor evoked potentials
Hydrogen-saturated saline
Avoidance of hyperglycemia

CSF, cerebrospinal luid; NMDA, N-methyl-d-aspartate.
From: Mas J-L, Chatellier G, Beyssen B, et al. Endarterectomy versus stenting in 
patients with symptomatic severe carotid stenosis. N Engl J Med. 2006;355:1660.

Collateral

Subclavian A

Vertebral A

Basilar A

A of Adamkiewicz

FIgURE 39-6. The artery of Adamkiewicz usually arises at the T11–
T12 level and provides the blood supply to the lower spinal cord. Its 
variable location and the uncertainty of additional collateral blood 
supply explain, in part, the unpredictability of paraplegia following de-
scending aortic surgery. (Reprinted from: Piccone W, DeLaria GA, Najafi 
H. Descending thoracic aneurysms. In: Bergan JJ, Yao JST, eds. Aortic 
Surgery. Philadelphia, PA: WB Saunders; 1989:249, with permission.)
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better operative ield exposure, afterload reduction, maintenance 
of stable distal aortic perfusion, and reduced (but not eliminated) 
head and neck edema.

A markedly reduced incidence of neurologic deicits has been 
reported when distal aortic perfusion is combined with drainage 
of cerebrospinal luid (CSF).97 CSF drainage is used in the hope 
of improving the pressure gradient, allowing spinal cord blood 
flow as aortic occlusion lowers distal arterial pressures and 
increases the central venous pressure. The new endovascular 
techniques represent an alternative therapy when anatomy 
permits; lower paraplegia rates have been reported compared 
with open surgery.98 However, neurologic complications still 
occur, and CSF drainage is commonly employed in both open 
and endovascular procedures for primary prevention and 
management.

CAROTID ENDARTERECTOMY

Carotid disease is usually a problem of embolization and less 
often occlusion or insuficiency. The disease may manifest itself 
as amaurosis fugax (transient attacks of monocular blindness) 
when the ophthalmic artery is embolized. Other patients may 
experience episodes of paresthesias, clumsiness of the extremities, 
or speech problems, which resolve spontaneously after a short 
period. These are the classic transient ischemic attacks (TIAs). 
However, approximately 30% of ischemic strokes are caused by 
obstructive carotid atherosclerosis. An isolated, cervical bruit in 
asymptomatic patients also seems to be associated with a higher 
risk of stroke, but the correlation between the location of the 
bruits and the type of subsequent stroke is poor.

The most common noninvasive test is carotid duplex ultraso-
nography, which combines B-mode anatomic imaging and pulse 
Doppler spectral analysis of blood low velocity. The estimated 
sensitivity and speciicity of the duplex scan to detect a carotid 
artery stenosis greater than 60% are approximately 94% and 92%, 
respectively, when using digital subtraction angiography as the 
reference standard.99 Positive tests are usually followed by conir-
matory angiography.

management of asymptomatic  
Carotid stenosis

The optimal treatment of asymptomatic carotid stenosis is con-
troversial.100 For asymptomatic patients with a stenosis of >60%, 
the asymptomatic carotid atherosclerosis study (ACAS) detected 
an outcome beneit for CEA over medical therapy: Ipsilateral 
stroke and any perioperative stroke or death was estimated to be 
11% for patients treated medically and 5.1% for surgical patients 
after 5 years.101 This results in an absolute risk reduction of about 
1% per year for freedom from stroke. Optimal medical therapy 
included recommendations to stop smoking, aspirin, blood pres-
sure control, and statin therapy. The European asymptomatic 
carotid surgery trial (ACST-1) randomized 3,120 patients to CEA 
plus medical therapy, or medical therapy alone, and found similar 
results, with a stroke risk reduction of 5.9% and 6.1% at 5 years 
and 10 years, respectively.102 The authors concluded that there is 
a beneit to CEA over medical therapy for asymptomatic steno-
sis only when both the perioperative risk is low, and the patient  
is expected to live more than 10 years.

The recent carotid revascularization endarterectomy versus 
stenting trial (CREST) comparing carotid angioplasty and stenting 
(CAS) to CEA included 1,181 asymptomatic patients, and showed 

no difference in the 4-year composite end point rate of any stroke, 
MI, or death between the two groups (CAS 3.5% vs. CEA 3.6%, 
hazard ratio = 1.02%, p = 0.96).103 ACST-2 is now underway to 
compare CEA and CAS in this population.104 However, using 
ACAS data, even with an operative risk for CEA/CAS of 0%, the 
NNT would still be above 10, with 92% of interventions being 
unnecessary.105 This has led many physicians to question the role 
of CEA in the asymptomatic patient.

management of symptomatic  
Carotid stenosis

The case for intervention in symptomatic patients with carotid 
stenosis is more clear-cut. CEA, in conjunction with aspi-
rin therapy, has proven superior to medical therapy alone in 
a large trial of symptomatic patients with a stenosis >70% in 
the North American symptomatic carotid endarterectomy trial 
(NASCET).106 The trial was stopped at 2 years due to a signii-
cant difference, with a 28% risk of stroke in the medical group 
compared to 13% in the CEA group. These results were con-
irmed by the European carotid surgery trial (ECST) of greater 
than 3,000 patients.107

There have been many trials in recent years comparing CEA 
with CAS for symptomatic patients. These initially reported 
varying results for stenting compared with CEA. The recent 
CREST trial randomized >2,500 patients to CAS and CEA and 
showed no difference of the composite endpoint of stroke, 
MI, or death between the two groups (7.2% vs. 6.8% for CAS 
and CEA respectively, hazard ratio 1.11, p = 0.51).108 CAS was 
associated with a twofold increase in procedural death/stroke, 
whereas CEA is associated with a twofold increase in procedural 
MI. Of note, the study excluded high-risk patients, as well as 
those with contradictions to CAS for anatomic reasons. The 
recent AHA guidelines recommend CEA for high-risk patients 
with recent TIA and moderate (50% to 69%) or severe (79% to 
99%) ipsilateral carotid artery stenosis if the perioperative mor-
bidity and mortality risk is estimated to be <6%.109 However, it 
is likely that a greater proportion of “average-risk” patients will 
be treated by CAS.

Preoperative evaluation  
and Preparation for Cea

Most patients presenting for CEA will be taking aspirin which 
should be continued throughout the perioperative period. Many 
patients will also be taking another antiplatelet therapy. The ben-
eit of continuing other agents at the time of CEA must be bal-
anced against the risk of bleeding. Perioperative clopidogrel has 
been identiied as a risk factor for post-CEA bleeding, particu-
larly if it is continued to the day before surgery. At the authors’ 
institution, surgeons as a rule prefer to stop clopidogrel 5 days 
preoperatively.

It is not advisable to delay urgent surgery that might prevent a 
stroke for extensive cardiac evaluation even in patients with known 
cardiac disease. However, the long-term risks of adverse cardiac 
events after CEA are related to progression of CAD. The approach 
to patients with both severe CAD and carotid occlusive disease is 
controversial. Because combined or staged operations are relatively 
rare (especially for symptomatic carotid disease), many case series 
suffer from the limitation of having been performed over many 
years, making generalizability to current practice dificult.
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monitoring and Preserving  
neurologic integrity

The intraoperative goals of protecting the brain and the heart 
often conflict. For example, increasing arterial blood pressure to 
augment cerebral blood flow increases the oxygen demand of the 
heart. The rationale behind maintaining a stable, high–normal 
blood pressure throughout the procedure is based on the assump-
tion that blood vessels in ischemic or hypoperfused areas of brain 
have lost normal autoregulation. There is some clinical evidence 
that elevation of blood pressure to “normal” levels during awake 
CEA can reverse developing neurologic deicits. Nonetheless, 
hypotension and hypoperfusion are not the most common cause 
of stroke after CEA; embolic events may be even more impor-
tant, and often occur postoperatively (Fig. 39-7).106 On balance, 
it is probably beneicial in the absence of neurologic monitoring 
to avoid hypotension during the period of cross-clamping, par-
ticularly if no shunt is used. Intravenous luid, and vasopressors 
such as phenylephrine can be used to maintain blood pressure 
between normal and 20% above baseline. However, augmenta-
tion of blood pressure is not without risk and has been associ-
ated with an increased incidence of MI.110 If information from the 
awake patient or reliable monitoring shows good cerebral blood 
low, the anesthesiologist may choose to use less vasopressor and 
to maintain a lower blood pressure during the period of tempo-
rary carotid occlusion than would be otherwise feasible.

Hypercapnia during CEA may be detrimental if it dilates ves-
sels in normal areas of the brain while vessels in ischemic brain 
areas that are already maximally dilated cannot respond. The net 
effect, then, is a “steal” phenomenon (i.e., a diversion of blood 
low from hypoperfused brain regions to normally perfused brain 
regions). Conversely, hypocarbia may cause vasoconstriction and 
extend any area of cerebral ischemia. Most authorities therefore 
recommend the maintenance of normocarbia. Moderate hyper-
glycemia may worsen ischemic brain injury, and hyperglycemia 
has a documented association with worse outcome after CEA.111

Almost all commonly used anesthetic agents reduce cerebral 
metabolism, thereby decreasing the brain’s requirements for 
oxygen. However, the notion that reduced cerebral metabolism is 
associated with cerebral protection has been challenged. Isolurane, 
deslurane, and sevolurane reduce cerebral oxygen requirements 

8

comparably, but the later two agents allow for faster emergence and 
recovery. In addition, volatile anesthetics may provide precondi-
tioning and neuronal protection by inducing nitric oxide synthase.

Barbiturates may offer a degree of brain protection dur-
ing periods of regional ischemia. Thiopental decreases cerebral 
metabolic oxygen requirements to about 50% of baseline. These 
maximally achievable reductions in oxygen requirements corre-
spond to a silent (i.e., isoelectric) EEG. Beyond this point, addi-
tional doses of barbiturates are neither necessary nor helpful. In 
cases of massive global ischemia in which basal cellular metab-
olism has already deteriorated, even high doses of barbiturates 
will not improve neurologic outcome. Therefore, some clinicians 
use thiopental not only for induction of anesthesia, but also for 
continuous infusion and/or as a 4- to 6-mg/kg bolus just before 
carotid occlusion. The cardiac depressant effects of the barbitu-
rates may require inotropic support. Unfortunately, no rigorous 
proof is available that the use of barbiturates in the described 
manner can improve neurologic outcome after CEA. Excellent 
results have been obtained for CEA using high doses of barbitu-
rates during carotid occlusion, without neurophysiologic moni-
toring or shunt placement; on average, tracheal extubation was 
delayed until 2 hours after surgery was completed.

Both etomidate and propofol decrease brain electrical activity 
and thus decrease cellular oxygen requirements. Etomidate pre-
serves cardiovascular stability and may be beneicial in a patient 
population whose cardiac reserves are often limited. Propofol also 
allows rapid awakening of the patient and neurologic assessment 
at the end of surgery. Cerebral autoregulation is impaired by sevo-
lurane but preserved under propofol–remifentanil anesthesia.112 
Stump pressures have also been shown to be lower during sevo-
lurane anesthesia than with propofol: This was attributed to sevo-
lurane-induced vasodilation.113 Propofol and remifentanil may 
be associated with a lower incidence of myocardial ischemia than 
a volatile-based anesthetic, but does not appear to affect overall 
clinical outcome.114 Although the available evidence for the pro-
tective effects of etomidate or propofol during CEA is inconclu-
sive, a small series in patients undergoing temporary ischemia for 
intracranial aneurysm clipping suggests that etomidate, propofol, 
or barbiturate use prolongs tolerable ischemia and reduces brain 
infarction.115 Animal studies have suggested a degree of neuropro-
tection with both the volatile agents116 and propofol.117

Hypothermia can depress neuronal activity suficiently to 
decrease cellular oxygen requirements below the minimum levels 
normally required for continued cell viability. In theory, hypother-
mia represents the most effective method of cerebral protection. 
Even a mild decrease in temperature of about 2° to 3°C at the time 
of arterial hypoxemia may reduce ischemic damage to the brain. 
The irst reported CEA was performed with the patient’s head 
covered by ice packs. Unfortunately, this method is cumbersome, 
unpredictable, and rarely used. The literature provides no deini-
tive evidence to support the hypothesis that hypothermia protects 
the brain suficiently to justify the myocardial risks imposed by 
hypothermia and shivering. In the setting of cerebral aneurysm 
surgery, intraoperative hypothermia did not improve the neuro-
logic outcome after craniotomy among good-grade patients with 
aneurysmal subarachnoid hemorrhage.118

Temporary occlusion (“cross-clamping”) of the carotid artery 
acutely disrupts blood low, even if low to the ipsilateral hemi-
sphere of the brain was already markedly diminished by severe 
stenosis. Continued blood supply to the brain will depend on ade-
quate collateral blood low through the circle of Willis if no shunt 
is used. If carotid stenosis has worsened gradually before CEA is 
performed, collaterals from the circle of Willis may have had time 
to develop, and the cerebral circulation may not be compromised 
by carotid occlusion during surgery. However, if collateral low 
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FIgURE 39-7. Data from the North American Symptomatic Carotid 
Trial (NASCET). Of the perioperative strokes, 35% (30/85) occurred in-
traoperatively, whereas 65% (55/85) occurred after the patient left the 
operating room (delayed events). The figure illustrates the time of onset 
of the 92 surgical outcome events.
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is compromised because of occlusive disease of the contralateral 
carotid artery and/or the vertebral arteries, the chances are greater 
that marked hypoperfusion of the brain will occur during carotid 
clamping. Indeed, patients with bilateral carotid disease have a 
higher risk of perioperative stroke after CEA than patients with 
unilateral disease only.

There are practice variations among surgeons in the use of 
shunts in carotid surgery. Surgeons who never use shunts usu-
ally rely on expedient surgery to avoid neurologic problems and 
do not report worse overall outcome statistics than those who 
do. Placement of a shunt is associated with an embolism-related 
stroke rate of at least 0.7% from the dislodgment and emboliza-
tion of atheroma. The technical problems of shunting include air 
embolism, kinking of the shunt, shunt occlusion against the side 
of the vessel wall, and injury or disruption of the distal internal 
carotid artery. Patients with shunts may still develop EEG abnor-
malities; in these situations, shunt adjustments may be neces-
sary. The shunt may impair surgical access to the artery, thereby 
increasing cross-clamp time. Most important, the use of a shunt 
is beneicial only if the cause of neurologic dysfunction is inad-
equate blood low. However, the majority of studies suggest that 
as many as 65% to 95% of all neurologic deicits during CEA may 
be caused by thromboembolic events (Fig. 39-7). In the NASCET 
trial, shunting (used in 41% of patients) was not associated with a 
change in risk of stroke.106

Surgeons who use shunts selectively often use a monitoring 
device of cerebral perfusion to help them decide when to place 
the shunt. However, despite a huge body of investigative work, 
there is still questionable evidence that monitoring actually 
makes a difference.119 Monitoring approaches include assessment 
of the awake patient, transcranial Doppler (TCD), somatosen-
sory evoked potential (SSEP), EEG, cerebral oximetry, and direct 
xenon cerebral blood low measurement. In each case, the goal is 
to avoid unnecessary shunting.

EEG monitoring is often used. EEG deterioration begins usu-
ally below a cerebral blood low rate of about 15 mL/min/100 g 
brain tissue, but cellular metabolic failure does not seem to occur 
until blood low falls below 10 to 12 mL/min/100 g brain tissue.120 
The most common manifestations of EEG ischemia during CEA 
are ipsilateral attenuation, ipsilateral slowing with attenuation, 
and ipsilateral slowing without attenuation. Figure 39-8 shows a 
processed EEG relecting acute cerebral ischemia following left 
carotid artery occlusion; the placement of a shunt in this case promptly 
reversed the ischemic changes. However, as in all the cerebral monitor-

ing techniques, the sensitivity in detecting perioperative stroke is 
limited by the fact that most strokes occur following surgery and 
are likely related to thromboembolic phenomena. Rapid changes 
in anesthetic depth may also complicate interpretation. This is 
particularly relevant in centers in which barbiturates or propofol 
infusions are used to induce EEG suppression. In the NASCET 
trial, 93% of patients underwent CEA with general anesthesia; 
51% of patients had intraoperative cerebral monitoring (31% 
EEG, 14% stump pressure, 7% evoked potentials, and 3% TCD). 
However, the use of monitoring was not associated with reduced 
risk of stroke.121 The real value of cerebral monitoring, if any, may 
lie in the avoidance of the placement of shunts (which can cause 
stroke) and blood pressure augmentation (with its detrimental 
effects on the heart).

EEG monitoring has other limitations. One limitation is that 
deep brain structures are not monitored by EEG. Also, in patients 
with pre-existing or luctuating neurologic deicits the EEG may 
be false-negative; that is, these patients can develop perioperative 
strokes despite the absence of major intraoperative EEG changes. 
In these patients, there may be cell populations that are electri-
cally silent or immediately adjacent to regions of infarction, and 
therefore not monitored by the EEG. The still-viable regions may 
progress to irreversible deterioration in the course of the operative 
procedure. Furthermore, the EEG may not be an ischemia-speciic 
monitor because decreases in temperature and blood pressure, as 
well as increases in the depth of anesthesia, produce EEG changes 
that mimic ischemic changes. However, EEG changes secondary to 
anesthetics or hypothermia are more likely to be bilateral, whereas 
hemispheric ischemia is more likely to affect the electrical activity 
of only one side of the brain. Thus, the encephalographer must be 
made aware of adjustments to the anesthetic regimen. Bispectral 
index (BIS) monitoring has been shown to be a reliable indicator 
of ischemia is some studies, but not others. Although it primarily 
detects only frontal lobe activity, and is not able to detect ischemia 
elsewhere in the brain, a recent study found a decrease ≥14% from 
the basal BIS value had a high negative predictive value, with isch-
emia unlikely without a decrease.122

A retrospective series of >400 patients suggests that an “old” 
monitor, stump pressures (40 mm Hg cutoff) is as reliable as 
EEG monitoring in predicting cerebral ischemia on cross-clamp 
application in CEA performed under nerve block, with signiicant 
cost savings; whether these results are transferrable to general 
anesthesia is unclear.123 In another study, when stump pressure 
and EEG were measured during CEA under regional anesthesia, 
both modalities had poor sensitivity as a guide to shunt place-
ment (neurologic changes being the gold standard). Only 1.4% 
of patients with stump pressure >50 mm Hg required a shunt, 
while EEG identiied cerebral ischemia in only 59.4% of patients 
needing shunt placement, with a false-positive rate of 1% and 
a false-negative rate of 40.6%. Again, whether these results are 
transferable to patients under general anesthesia is unclear.124

TCD measures middle cerebral artery blood low velocities. 
TCD can also detect and quantify embolic signals, which almost 
always arise during dissection and/or angioplasty. A large series 
of 1,058 patients found the following TCD predictors of stroke 
after CEA: Emboli during wound closure, >90% decrease of mid-
dle cerebral artery peak systolic velocity at cross-clamping, and 
>100% increase of the pulsatility index of the Doppler signal at 
clamp release.125 In a small case series, TCD predicted neurologic 
events despite a normal EEG.126 Carotid artery clamping leads to 
similar changes in cerebral blood low velocity measured by TCD 
in patients under regional or sevolurane/fentanyl anesthesia. 
However, compared with the awake patient as a gold standard, 
TCD may have a low positive predictive value for neurologic 
deicit accompanying carotid occlusion.127 TCD is also operator 
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FIgURE 39-8. Acute cerebral ischemia following left carotid artery 
occlusion detected with processed electroencephalogram. The place-
ment of a shunt in this case promptly reversed the ischemic changes. 
(Courtesy of Dr. Bruce L. Gewertz.)
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dependent, and 10% to 15% of patients do not have an adequate 
temporal window to make monitoring possible.

Other work has suggested that TCD is particularly useful in 
postoperative surveillance because most strokes occur after and 
not during CEA. TCD-directed dextran therapy after CEA has 
been shown to reduce the risk of postoperative complications. 
More recently, TCD-directed intravenous antiplatelet therapy 
has been used to reduce cerebral microembolization in patients 
undergoing carotid surgery.128 TCD may also predict patients at 
risk of cerebral hyperperfusion syndrome following CEA or CAS.

SSEP monitoring may be particularly useful in patients with 
cerebral ischemia in whom EEG interpretation is more dificult.129 
SSEP monitoring is based on the detection of cortical potentials 
after electrical stimuli are presented to a peripheral nerve. In con-
trast to the EEG, which interrogates only cortical function, SSEP 
monitoring also evaluates deep brain structures. Any damage to 
these neural structures results in characteristic changes in the 
SSEP, usually in a decrease in amplitude and/or an increase in 
latency. If neural damage is severe, the cortical evoked potential 
is completely abolished. Severe damage occurs at about one-third 
of normal cerebral blood low (i.e., at 15 mL/min/100 g brain tis-
sue). Whereas some studies have been optimistic about the value 
of SSEP monitoring in the detection of cerebral ischemia, other 
investigators have concluded that SSEP is neither sensitive nor 
speciic for the detection of ischemic injury during CEA. Virtually 
all commonly used anesthetics lead to SSEP changes that mimic 
changes produced by cerebral hypoxia. Therefore, a constant light 
plane of anesthesia needs to be maintained if increased latencies 
and decreased amplitudes of evoked potentials are to be ascribed 
to inadequate cerebral perfusion. False-negative results may also 
occur. On the basis of the available data, the authors conclude that 
this monitoring system cannot yet be considered essential in CEA.

Similarly, near infrared spectroscopy (NIRS), the most recent 
technology developed, has had mixed results. NIRS, or cerebral 
oximetry, allows continuous monitoring of cerebral oxygen satu-
ration (rSO2) in the frontal lobe as a marker of cerebral perfusion. 
Advantages are that it is easy to apply, noninvasive and can be 
used in all patients. Clinical reliability compared to established 
monitors has been inconclusive. Some studies have found a worse 
sensitivity and speciicity compared to EEG, SSEPs, and stump 
pressures, whereas other authors have observed the opposite. 
Recently, during awake surgery cerebral oximetry using a cut off 
≥19% drop in rSO2 from baseline has been shown to have a high 
sensitivity and speciicity when compared to the gold standard of 
awake testing.130 One hundred patients were analyzed and seven 
developed a deterioration in conscious state following carotid 
cross-clamping; all had an immediate drop in rSO2 ≥20%. There 
were no permanent neurologic deicits postoperatively. This sug-
gests cerebral oximetry could be a reliable method of monitoring 
cerebral perfusion during CEA.

anesthetic and monitoring  
Choices for elective surgery

In addition to routine monitors, the authors recommend an 
intra-arterial catheter for blood pressure monitoring. ECG moni-
toring should include continuous leads II and V5 for ST-T seg-
ment assessment. In very high-risk patients, transesophageal 
echocardiography (TEE) may be used as an additional monitor, 
especially in those with acute stroke in whom source of embolus 
may be an issue, or in those with left bundle branch block mak-
ing ST-T segment evaluation impossible. Rarely is it necessary to 
use a central venous or pulmonary artery catheter (PAC), even if 
TEE is not available. The authors recommend restricting the use 

of central venous access to the rare patient with uncompensated 
CHF undergoing urgent CEA, and then insertion should be from 
the contralateral brachial or subclavian vein. The authors gener-
ally insert two peripheral intravenous catheters—one for remi-
fentanil and vasoactive drugs and one for volume replacement. 
This only needs to be a medium-caliber intravenous catheter as 
major blood loss or signiicant luid shifts during CEA are rare.

If sedatives are deemed indispensable, the smallest effective 
dose of midazolam is chosen for premedication to facilitate early 
perioperative neurologic assessment. Blood pressure and heart 
rate determinations from the preoperative clinic, other hospital or 
clinic visits, and at the time of admission are assessed to deter-
mine the range of a patient’s acceptable values. The authors seek 
to maintain hemodynamics within this range intraoperatively. 
Chronic antianginal, antihypertensive, and antiplatelet medica-
tions are generally continued on the day of surgery with the excep-
tion of clopidogrel, which is stopped 1 to 5 days before surgery 
depending on the presence, type, and timing of coronary stenting.

Often on the day of surgery, patients present hypertensive 
despite having taken their morning antihypertensive and anti-
anginal medications. These patients appear to be the most prone 
to hypotension after the induction of general anesthesia. Propofol 
or etomidate may be used for induction. Regardless of the induc-
tion agent, the clinician should be prepared to use pharmacologic 
blood pressure augmentation if blood pressure decreases exces-
sively. Total luid administration is limited in most patients to 
no more than 10 mL/kg of in a typical 2-hour operation because 
luid overload may contribute to postoperative hypertension.

Because the respiratory depression and sedation caused by 
most opioids may confound the results of early neurologic assess-
ment, long-lasting opioids are restricted whenever possible (e.g., 
fentanyl ≤3 µg/kg). Remifentanil provides an alternative therapy 
that will not produce lasting postoperative effects. The com-
bined use of a cervical plexus block and/or surgeon-administered 
local anesthetic helps considerably in almost eliminating opiate 
requirements.

General anesthesia is maintained at a “light” level that permits 
EEG monitoring and results in blood pressures in the high range 
of normal. The trachea may be sprayed with 100 mg lidocaine to 
minimize stimulation by the endotracheal tube during surgery. 
Others have described the use of the laryngeal mask airway during 
CEA, which may reduce hypertensive and tachycardic episodes. 
The authors use remifentanil (continuous infusion 0.05 to 0.2 µg/
kg/min) and light levels of deslurane or sevolurane because of 
their salutary effects on the incidence of cerebral ischemia and 
rapid-awakening characteristics. Vasopressors are used as needed 
to treat hypotension or EEG changes. Because sudden onset of 
bradycardia and hypotension may be caused by baroreceptor 
relexes with surgical irritation of the carotid sinus, some surgeons 
may iniltrate the carotid bifurcation with 1% lidocaine to attenu-
ate this response. However, this practice may result in more post-
operative hypertension. Relaxation is provided on the basis of the 
clinical need and anesthesiologist’s preference. There is no proof 
that any one general anesthetic technique provides a superior out-
come. Patients are almost always extubated at the end of the surgi-
cal procedure before or after neurologic integrity is conirmed. In 
patients who were easy to intubate, a deep extubation may limit 
the explosive hypertension that can accompany extubation. Neu-
rologic integrity is always veriied before the patient leaves the 
operating room. New neurologic deicits may lead to noninvasive 
imaging, contrast angiography, and/or surgical re-exploration.

Regional anesthesia is used by many centers for CEA. The 
necessary sensory blockade of the C2 to C4 dermatomes can be 
achieved by supericial cervical plexus block, or by subcutaneous 
iniltration of the surgical ield. Supericial cervical plexus block 
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may be combined with general anesthesia, and reduces postoper-
ative opioid requirements, reduces Paco2, and increases patient’s 
satisfaction with analgesia.131 Deep cervical plexus block does not 
increase the patient’s comfort during the procedure compared 
with a simple supericial block, but increases the occurrence of 
complications from block placement (0.25% vs. 0%), and con-
version to general anesthesia (2% vs. 0.5%).132

Proponents of regional anesthetic techniques claim the follow-
ing advantages: Greater stability of blood pressure during surgery, 
inexpensive and easy cerebral monitoring, avoidance of tracheal 
intubation in patients with chronic obstructive lung disease, and 
avoidance of negative inotropic anesthetic agents in patients with 
limited cardiac reserves. The use of regional techniques appears 
to be associated with fewer episodes of EEG ischemia compared 
with general anesthesia.133 In addition, overall hospital costs asso-
ciated with the use of regional anesthesia may be lower. The gen-
eral anesthesia versus local anesthesia for carotid surgery (GALA) 
trial was a multicenter trial of 3,526 patients in 95 centers for 
more than 8 years, and showed no deinitive difference in out-
comes between the two techniques.134 There was no signiicant 
differences in the rate of stroke, MI, or mortality at 30 days.

α2-agonists may be used for sedation during CEA. A series of 
>100 patients showed a low rate of need for shunting (4.3%) and 
no strokes when DEX was used for sedation during CEA under 
nerve block.135 DEX appears to reduce hypertension/tachycardia, 
but increases hypotension, such that the number of hemodynamic 
interventions is no different from placebo; analgesia requirements 
in the PACU; however, are reduced with DEX.136 Clonidine 1 µg/
kg/hr suppresses the hyperadrenergic response to CEA without 
adverse effects on intraoperative hemodynamics or clinical neuro-
logic monitoring.137 The combination of supericial cervical plexus 
block and clonidine used to supplement general anesthesia results 
in an increase in hemodynamic stability after CEA and signiicant 
reductions in need for rescue antihypertensive medication postop-
eratively. However, preoperative clonidine (1 µg/kg) does increase 
the incidence of hypotension postoperatively.138

Disadvantages of regional anesthesia are that potential phar-
macologic brain protection with anesthetics cannot be provided 
and that in the case of panic, sudden loss of consciousness, or 
onset of seizures, control of the airway may be dificult. Although 
emergent intubation is uncommon, it may be dificult under these 
circumstances and complicate surgical management. Regional 
anesthesia requires that the patient remains highly cooperative 
throughout the operation, and sedation can be provided only to 
a limited extent during carotid occlusion. Thus, the choice of the 
anesthetic technique should be determined after consultation with 
the patient and surgeon and must take into account the experience 
and expertise of the anesthesiologist.

Carotid angioplasty and stenting

CAS is usually performed in the vascular interventional suite by a 
team involving either vascular surgeons, cardiologists, or radiolo-
gists. Frequently no anesthesiologist is involved; however, anes-
thesiologists may be asked to provide sedation and monitoring in 
complex cases. The subject needs to be arousable and responsive so 
that serial neurologic examinations can be conducted. Adequate 
heparinization is crucial, with most protocols seeking to maintain 
activated clotting time >300 seconds. Both CEA and CAS may 
cause blood pressure to fall immediately after reperfusion and 
into the postoperative period, because of alterations in barore-
ceptor function. Throughout the development of CAS, concern 
had always been about risk and ramiications of cerebral emboli 
as a result of the angioplasty itself. Consequently, two main areas 

have been pursued to decrease the risk of embolic stroke: Proxi-
mal low blockage and distal ilters. Endovascular technology is 
rapidly evolving with rapid improvements in embolic protection 
and stent design. In addition, periprocedural antiplatelet therapy 
is now considered standard of care. All patients in the CAS arm of 
the CREST trial received aspirin 325 mg and clopidogril or ticlo-
dipine for at least 30 days, with aspirin in all patients thereafter.107 
Results with CAS have been improving over time, and with newer 
embolic protection strategies, the role of CAS in both asymptom-
atic and symptomatic carotid disease is certain to increase.

Postoperative management

Common problems arising after CEA or CAS include the onset of 
new neurologic dysfunction and hemodynamic instability; CEA 
may also be complicated by respiratory insuficiency. Other peri-
operative complications include temporary cranial nerve injuries 
(vagus, hypoglossal), temporary marginal mandibular nerve dei-
cits, temporary and permanent posterior auricular nerve deicits, 
and mild cervical numbness, indicating injury to small sensory 
cervical nerves. Hematomas requiring return to surgery occur 
in approximately 1% of patients. Headache, wound infections, 
and hyperperfusion syndrome manifesting as hypertension and 
headache may also occur. Hyperperfusion syndrome is believed 
to result from blood low to the brain that is greatly in excess of 
its metabolic need. It may not occur until several days after sur-
gery, when patients present with severe ipsilateral headache and 
can progress to develop signs of increased cerebral excitability or 
frank seizures. TCD may have a role in predicting which patients 
will develop this syndrome. Steroids may be used in the treatment 
of hyperperfusion syndrome.

Blood pressure abnormalities are common after CEA; hyper-
tension is more common than hypotension. Severe hypertension 
seems to occur more often in patients with poorly controlled 
preoperative hypertension. Both acute tachycardia and hyperten-
sion may precipitate acute myocardial ischemia and failure, and 
hypertension may lead to cerebral edema and/or hemorrhage. 
Post-CEA hypertension is signiicantly associated with adverse 
events (stroke or death), whereas postoperative hypotension and 
bradycardia do not appear to correlate with primary or second-
ary outcomes. Therefore, the authors recommend treatment 
of hypertension to reduce the work of the heart and in hope of 
decreasing neck hematoma. After excluding and/or treating other 
causes of hypertension such as bladder distention, pain, hypox-
emia, and hypercarbia, systolic pressures of >140 mm Hg and 
diastolic pressures of >90 mm Hg are lowered to within the range 
of the patient’s perioperative values, most often with labetalol in 
5-mg increments. Hydralazine is a useful alternative in the setting 
of bradycardia or reactive airways disease. Perioperative myo-
cardial ischemia may occur in 15% of CEA patients; angina and 
hypertension may be important risk factors. Usually, the hyper-
tensive episode has its peak 2 to 3 hours after surgery, but in some 
individual cases it may persist for 24 hours.

Postoperative hypotension is less common, but may be caused 
by residual effects of anesthesia drugs, over-zealous treatment of 
hypertension, or baroreceptor “resetting” after the increase in low. 
If the patient is asymptomatic it is usually well tolerated. Because 
signiicant hypertension and hypotension can be caused by myo-
cardial ischemia or infarction, a 12-lead ECG should be obtained 
in the recovery room in hemodynamically unstable patients.

Postoperative respiratory insuficiency may be caused by recur-
rent laryngeal nerve or hypoglossal nerve injury, a neck hematoma, 
or deicient carotid body function. Wound hematomas develop in 
up to 2% of patients after CEA. Whereas small hematomas caused 
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by venous oozing usually can be treated by reversing residual 
heparin with protamine or by applying gentle digital compression 
for a few minutes, an expanding hematoma must be immediately 
evaluated because tracheal compression and loss of the airway may 
ensue rapidly. In some cases, evacuation of the hematoma may not 
relieve the airway obstruction if lymphatic obstruction has pro-
duced massive pharyngolaryngeal edema. Indeed, four patients 
(0.3%) in the NASCET trial died directly because of neck hemato-
mas.106 Risk factors for neck hematoma may also include failure to 
reverse heparin and the presence of an endotracheal tube beyond 
the end of surgery. Hematomas are more common and delayed if a 
patch angioplasty has been performed. Therefore, some clinicians 
routinely reverse heparin with protamine in patients who have 
had a patch angioplasty. Some studies have suggested protamine 
may contribute to postoperative stroke. However, in the NASCET 
trial, heparin reversal using protamine (used in 40% of patients) 
was not associated with a change in risk of stroke.

Surgical manipulation may also damage the nerve supply to 
the carotid body. Although unilateral loss of carotid body func-
tion is unlikely to be signiicant, a bilateral loss may prevent the 
patient from increasing ventilation in response to a decrease in 
Pao2. Therefore, supplemental oxygen should be routinely used 
in the recovery area. Similarly, drugs that depress respiratory 
drive should be avoided as much as possible in postoperative pain 
management. Acetaminophen constitutes effective pain relief in 
most patients when skin iniltration or plexus block with local 
anesthetic was performed in the operating room.

Routine postoperative intensive care is unusual and has been 
questioned. In one study, postoperative intensive care surveillance 
was necessary only for patients with four or more of the following 
risk factors: Stroke, CHF, chronic kidney failure, hypertension, 
dysrhythmia, and MI. Equally important, all patients requiring 
interventions or with adverse outcomes could be identiied by the 
eighth postoperative hour.139 Therefore, intensive care surveil-
lance can be limited to high-risk patients.

management of emergent Carotid surgery

The patient who awakens with a major new neurologic deicit or 
who develops a suspected stroke in the immediate postoperative 
period represents a surgical emergency. Although postoperative 
neurologic deicits may be due to inadequate collateral low, 
carotid thrombosis may cause postoperative stroke; prompt sur-
gical re-exploration can produce signiicant neurologic improve-
ment. If a new neurologic deicit occurs in the postanesthesia 
recovery unit, most surgeons believe immediate re-exploration is 
indicated, and logic would dictate using pharmacologic methods 
of “cerebral protection”; however, this “logic” is controversial. 
Alternatively, if the deicit is deemed only focal and minor, it is 
most commonly because of microembolization. Consequently, 
noninvasive assessment of internal carotid low and anticoagula-
tion after exclusion of a hemorrhagic brain lesion usually consti-
tute indicated treatment.

A patient undergoing emergency CEA may have a full stom-
ach and thus may require protection against aspiration of gastric 
contents. Otherwise, an anesthetic technique similar to one for 
elective situations is used. For patients undergoing neck explora-
tion for a wound hematoma following CEA, a tracheostomy or 
cricothyroidotomy tray should be immediately available, as well 
as other devices for management of the dificult airway. Esmolol 
is particularly useful to control hyperdynamic cardiovascular 
responses during awake intubation. If any dificulty is expected, 
the wound is opened and drained externally, and tracheal intuba-
tion is performed before general anesthesia is induced.

AORTIC RECONSTRUCTION

Aortic reconstruction may be undertaken to correct aneurysmal or 
occlusive disease, sometimes both coexisting. Aneurysms pose an 
ever-present threat to life because of their unpredictable tendency to 
rupture or embolize. Mortality from rupture may be as high as 85%, 
and even patients who receive emergent surgery have mortality rates 
one-half of that. Therefore, early recognition and aggressive surgical 
management are warranted, even in the absence of symptoms. Most 
centers are able to offer an endovascular approach to 60% to 70% of 
their patients needing repair of an infrarenal aortic aneurysm. Jux-
tarenal, suprarenal, and thoracoabdominal aortic aneurysms are 
still routinely repaired via an open approach, though some centers 
are trialing endovascular techniques for these aneurysms.

epidemiology and Pathophysiology  
of abdominal aortic aneurysm

There are approximately 200,000 new AAAs diagnosed annually, 
with approximately 45,000 undergoing surgical repair per year in 
the United States. A population-based study in Norway in 1994 to 
1995 used ultrasound to measure renal and infrarenal aortic 
diameters; an aneurysm was present in 8.9% of men and 2.2% of 
women (p < 0.001). Risk factors for aneurysm included advanced 
age, smoking >40 years, hypertension, low serum high-density 
lipoprotein cholesterol, high level of plasma ibrinogen, and low 
blood platelet count. In 2005, the U.S. Preventive Services Task 
Force recommended that AAA screening be done in men 65 to  
75 years of age who have ever smoked, citing an increased inci-
dence in this population. They also stated that no recommenda-
tions for women can be made because there is no evidence in the 
literature to support a recommendation. Thoracoabdominal aor-
tic aneurysms also occur in patients with hypertension or other 
risk factors for atherosclerotic disease.

AAA represents a dilatation of the abdominal aorta generally 
below the level of the renal arteries. The risk of rupture of the AAA 
is directly related to the luminal diameter of the aortic aneurysm. 
The aneurysm can develop an inner lining of mural thrombus, 
thereby decreasing the effective luminal diameter, but the size 
of the mural thrombus has not been shown to signiicantly 
decrease the risk of rupture. The risk of aortic rupture is related 
to the absolute diameter of the aortic aneurysm sac. The risk of 
rupture increases once the aneurysm is >4.5 to 5 cm in diameter. 
The size of the aneurysm is the most important predictor of sub-
sequent rupture and mortality, but size alone does not appear to 
predict operative mortality. A prospective study followed 300 
consecutive patients (mean age, 70 years; 70% men) who pre-
sented with AAA (average size, 4.1 cm) and were initially man-
aged nonoperatively. The diameter of the aneurysm increased by 
a median of 0.3 cm per year. The 6-year cumulative incidence of 
rupture was 1% among patients with aneurysms <4 cm and 2% 
for aneurysms 4 to 4.9 cm in diameter. By comparison, the 6-year 
cumulative incidence of rupture was 20% among patients with 
aneurysms >5 cm in diameter.140 Larger aneurysms expand even 
more rapidly, and aneurysms >5 cm should be considered for sur-
gical or endovascular repair. With frequent monitoring, watchful 
waiting may be preferable to repair in patients with AAAs of 4 to 
5.4 cm in diameter. Unfortunately, in most patients with AAA 
rupture (surgical mortality approaching 50%), the diagnosis of 
AAA was unknown beforehand. These data reinforce the impor-
tance of screening of the high-risk population to permit elective 
repair at the appropriate time.
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endovascular Repair versus open  
Repair versus medical management

Before the advent of EVAR, a patient with an AAA either under-
went an OAR or received medical management. OAR was 
reserved for patients with a large AAA (5.5 cm or larger) and who 
were deemed it for surgery. In 1991, Parodi performed the irst 
endovascular stent insertion for an infrarenal aortic aneurysm.141 
Initially, this procedure was carried out only for patients deemed 
unit for OAR and who met speciic aneurysm anatomic criteria. 
Since then, new stent technology with smaller modular designs, 
coupled with improved endovascular technique, has made EVAR 
available to a wide spectrum of patients including those who 
would be considered it for OAR and who have more complex 
aneurysm anatomy. In fact, EVAR is increasingly being consid-
ered for patients with smaller AAAs. The decision on which treat-
ment modality is best for a large AAA usually depends on three 
variables: AAA size, AAA morphology, and patient perioperative 
risk. In general, EVAR has lower perioperative risk than OAR, but 
similar 2-year mortality. Also, EVAR has a higher incidence of 
leak, thus necessitating a lifetime of surveillance. OAR may be 
better suited for younger patients who do not want a lifetime of 
surveillance and who may have a better perioperative risk proile.

It is important to understand that an AAA is one manifestation 
of widespread vascular disease caused by multiple medical comor-
bidities; it is not a discrete disease. In a 10-year follow-up study 
that screened 4,734 patients older than 65 years, an infrarenal aor-
tic diameter >2 cm was associated with increased risk of future 
coronary vascular disease and mortality. While the risk/beneit 
ratio for repair of small AAAs does not support intervention with 
OAR, there is emerging discussion on whether treating smaller 
AAAs with EVAR may be worth the beneits of intervening before 
additional comorbidities increase the risks of future repair.

Several studies have addressed the issue of which treatment 
modality is best. The EVAR-1, Dutch Randomized Endovascular 
Aneurysm Management (DREAM), and OVER trials all showed 
30-day mortality to be signiicantly lower with EVAR than with OAR 
(1.8%, 1.2%, and 0.5% vs. 4.3%, 4.6%, and 3%, respectively).66,142,143 
The OVER trial also showed that patients receiving EVAR had a 
statistically signiicant reduction in procedure time (2.9 vs. 3.7 
hours), blood loss (200 vs. 1,000 mL), transfusion requirement (0 
vs. 1 units), duration of mechanical ventilation (3.6 vs. 5 hours), 
intensive care unit (ICU) stay (1 vs. 4 days), and hospital stay (3 
vs. 7 days). On the other hand, the EVAR group was exposed to 
luoroscopy for an average of 23 minutes and received an average of 
132 mL of contrast, whereas the OAR group received neither. Two 
years after randomization, there was no signiicant difference in 
mortality, major morbidity, procedure failure, secondary thera-
peutic procedures, aneurysm-related hospitalizations, health-
related quality of life, or erectile function.66,144 Patients receiving 
OAR did experience a higher rate of wound complications and 
bowel obstructions.66 Four years after randomization, both groups 
had similar mortality at 28%, though aneurysm-related death was 
lower in the EVAR group. Health-related quality of life was similar 
between the two groups, though the EVAR group experienced a 
greater number of complications (41% vs. 9% of patients,  
p < 0.0001) and reinterventions (20% vs. 6% of patients, 
p < 0.0001).145 Six years after randomization, survival rates were 
similar, but the rate of secondary interventions was signiicantly 
higher for the EVAR group (29.6% vs. 18.1%, p = 0.03).146 It is 
important to note that a meta-analysis of elective EVARs for 
more than 12 years demonstrated that as technical experience 
improved, there was a reduction in operative mortality, postopera-
tive rupture, and incidence of leak requiring surgical intervention.147

9

Schermerhorn et al.148 studied 22,830 matched Medicare ben-
eiciaries who underwent AAA repair between 2001 and 2004 
with follow-up through 2005 and indicated that EVAR and OAR 
had similar outcomes. Perioperative mortality was lower after 
EVAR (1.2% vs. 4.8%, p < 0.001), with greater beneit for those 
who were ≥85 years, but survival became equivalent after 3 years. 
Raval et al.149 studied 7,936 patients; 2,034 of whom were 
≥80 years, undergoing AAA repair between 2005 and 2008 and 
who were registered in the American College of Surgeons National 
Surgical Quality Improvement Program (ACS NSQIP) database. 
Older patients were more likely to experience adverse 30-day out-
comes as compared with younger patients, regardless of type of 
AAA repair. However, older patients treated with EVAR had less 
overall morbidity and mortality than those treated with OAR. 
Those receiving EVAR had less infectious, pulmonary, cardiac, 
and renal complications, and had fewer requirements for blood 
transfusion and shorter durations of stay. Several small studies 
have agreed that EVAR is preferable to OAR in elderly patients.

Surprisingly, EVAR has not reduced the cost of AAA repair. 
The cost of the initial hospitalization for surgery should be much 
less expensive for EVAR than OAR because of the 3- to 5-day dif-
ference in the length of stay, but the cost of the device and the need 
for additional interventions, particularly radiologic follow-up of 
endovascular leaks, typically nulliies any cost savings.150 A cost 
analysis of the DREAM trial151 indicates that at 1 year of follow-up, 
EVAR is associated with a euro 4,293 (US $6,500) greater direct 
cost (p = 0.01, 95% CI 2,770 to 5,830) than OAR. The EVAR-1 
investigators calculated an average aneurysm-related cost of  
3,019 pound sterling (US $4,568) more for EVAR than for OAR.142

More than half of patients undergoing emergency AAA repair 
and more than a quarter of those having elective repair suffer 
myocardial necrosis as determined by cardiac troponin levels.151 
Myocardial injury has been shown to be less with EVAR than with 
OAR. There is less hemodynamic disturbance and lower Tropo-
nin T levels at 48 hours after EVAR compared to OAR.152 In one 
study, aortic interruption was <1 minute for EVAR as compared 
with 51 minutes for OAR.153 Patients who underwent EVAR had 
no signiicant change in heart rate, blood pressure, pulmonary cap-
illary wedge pressure, stroke volume, or stroke work index. Thirty 
minutes after aortic reperfusion, 57% of patients undergoing OAR 
had myocardial ischemia detected by ECG or regional wall 
motion abnormality on transesophageal echocardiogram as com-
pared with 33% in EVAR (p = 0.01). These changes were tran-
sient, and there were no differences in perioperative MI or death. 
EVAR has not been shown to alter the rate of cardiovascular 
events in patients deemed unit for OAR.154 Postoperative nutri-
tion status, as determined by postoperative albumin level and 
nutritional risk index, is better with EVAR compared to OAR. For 
obese patients, deined as having a body mass index ≥30, there is 
a reduction in in-hospital complication rates with EVAR com-
pared to OAR, 4% versus 26%, respectively. Obese patients 
undergoing EVAR also have decreased length of hospital stay, 
length of ICU stay, and need for ventilation. However, mortality 
is not different after 3 years of follow-up.155

Renal function deterioration does not appear to be affected by 
choice of surgical approach. An analysis of the 1,194 patients in 
the EVAR-1 and EVAR-2 trials demonstrates that renal function 
deteriorated slowly, but equally in it patients randomized to 
either EVAR or OAR and in unit patients randomized to either 
EVAR or medical management.

The EVAR-2 trial was designed to compare maximum medical 
therapy versus EVAR in those patients that were too unstable for 
OAR. The trial demonstrated that EVAR reduces aneurysm-related 
mortality when compared to medical therapy, but that EVAR does 
not improve total mortality.156 However, this trial was limited by 
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delays in receiving the assigned treatment and a high rate of patient 
crossover, thus there may have been a bias against EVAR. In a more 
recent study, the EVAR-2 results were compared to results from 
191 patients treated in a single high-volume center and who would 
have qualiied for the EVAR-2 trial. The study suggested that EVAR 
is justiied in these high-risk patients, though it is important to 
note that their patients were more likely to be on long-term anti-
platelet therapy and statins than the EVAR-2 trial group.157

A study by Egorova et al.158 determined there is a high-risk cohort 
that should not be treated with EVAR because of prohibitively high 
30-day mortality, but that the cohort is small: 3.4% of patients have 
mortality ≥5% and 0.8% of patients have mortality >10%. 
Table 39-4 lists the several statistically signiicant predictors of 
30-day mortality after EVAR, along with the associated odds ratios 
used to devise their scoring system for perioperative risk. Table 39-5 
shows that scoring system, and it is for the cohort of patients with a 
total score between 10 and 12 who have ≥5% mortality, and for 
those with a total score of 13+ who have >10% mortality. The risk 
factors associated with increased 30-day mortality are, in decreasing 
order of signiicance: Renal failure with dialysis, lower extremity 
ischemia, age ≥85 years, liver disease, CHF, renal failure without 
dialysis, age 80 to 84 years, female gender, neurologic condition, 
chronic pulmonary condition, surgeon EVAR experience <3 cases, 
hospital annual volume <7 cases, and age 75 to 79 years.

endovascular abdominal aneurysm Repair

A study published in 2009 by Winterborn et al.159 of patients under 
surveillance for small AAA (less than 5.5 cm) demonstrated that 
when informed of the speciic eficacy, safety, chronologic order of 
the care pathway, and other features of both EVAR and OAR, 84% 
of their patients stated they would prefer future EVAR to OAR.

monitoring and vascular access

Although the incidence of perioperative conversion from EVAR to 
OAR is less than 1%, there still remains a real risk for the need for 

emergent proximal arterial control, irst with an endoclamp, then 
with an aortic cross-clamp. In such a setting, proximal arterial 
access would prove indispensible, and thus it is recommended for 
use during EVAR. Central venous access, on the other hand, is 
rarely required during EVAR because hemodynamic medication 
infusions are seldom required and postoperative ICU stay is rare. 

CHF, Congestive heart failure; EVAR, endovascular aneurysm repair; LE, lower 
extremity.
Reproduced with permission. Egorova N, Giacovelli JK, Gelijns A, et al. Deining 
high-risk patients for endovascular aneurysm repair. J Vasc Surg. 2009;50(6):1271–
1279.

TAbLE 39-5.  risK sCores for 30-day 

mortality for evar Patients.  

a total sCore between 10 and 

12 PrediCts 5% mortality. a 

total sCore of 13+ PrediCts

 >10% mortality

Risk Factor Score

Renal failure w/ dialysis 7
LE ischemia 5
Age ≥85 yr 4
Liver disease 3
CHF 3
Renal failure w/o dialysis 3
Age 80–84 yr 2
Female 2
Neurologic 2
Chronic pulmonary 1
Surgeon EVAR experience <3 1
Hospital annual volume <7 1
Age 75–79 yr 1

TAbLE 39-4.  statistiCally signifiCant PrediCtors of 30-day mortality after evar aaa 

(based on the results of multivariable logistiC regression model, 

ConCordanCe index = 0.735, hosmer–lemeshow goodness of fit test P = .25)

Risk Factor Parameter Odds Ratio and 95% CL P  Value

Renal failure w/ dialysis 1.95 7.06 [5.23–9.53] <0.0001
LE ischemia 1.27 3.55 [2.65–4.75] <0.0001
Age ≥85 yr 1.13 3.10 [1.57–2.37] <0.0001
Liver disease 0.93 2.52 [1.54–4.12] 0.0002
CHF 0.80 2.23 [1.89–2.64] <0.0001
Renal failure w/o dialysis 0.65 1.91 [1.45–2.51] <0.0001
Age 80–84 yr 0.65 1.92 [1.56–2.36] <0.0001
Female 0.52 1.68 [1.42–1.99] <0.0001
Neurologic 0.45 1.59 [1.29–1.94] 0.0001
Chronic pulmonary 0.45 1.57 [1.35–1.83] <0.0001
Hospital annual volume <7 0.37 1.45 [1.18–1.80] 0.0005
Age 75–79 yr 0.34 1.40 [1.14–1.71] 0.001
Surgeon EVAR volume <3 0.26 1.30 [1.04–1.62] 0.002

CHF, Congestive heart failure; EVAR, endovascular aneurysm repair; LE, lower extremity.
Reproduced with permission. Egorova N, Giacovelli JK, Gelijns A, et al. Deining high-risk patients for endovascular aneurysm repair. J Vasc Surg. 2009;50(6):1271–1279.
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Two large-caliber, peripheral intravenous catheters are usually 
suficient. Before device insertion, systemic anticoagulation will be 
started with a typical heparin dose of 3,000 to 5,000 units with a 
goal of activated coagulation time of ≥200 seconds. At the time of 
device deployment, awake patients will be asked to hold their 
breath, and mean arterial pressure is often lowered to decrease the 
risk of distal migration of the stent. After device deployment, anti-
coagulation is reversed and activated coagulation time rechecked.

Local and Regional anesthesia

EVAR may be carried out under almost any type of anesthesia 
including local, regional, neuraxial, and general techniques. The 
anesthetic technique selected will depend on preoperative factors 
such as platelet inhibitor use, low molecular weight heparin use, 
comorbidities limiting a patient’s ability to lie lat for extended 
periods such as with severe chronic obstructive pulmonary dis-
ease (COPD), and on intraoperative factors such as anticipated 
duration, dificult arterial access, or tortuous iliac arteries. Blood 
loss and hemodynamic changes should be minimal when an 
experienced surgeon performs EVAR, but consideration must be 
given to the possibility for conversion to general anesthesia or for 
massive volume resuscitation. There are several insuficiently 
powered trials, large nonrandomized registries, and retrospective 
analyses that address local/regional anesthesia in EVAR. A litera-
ture review by Sadat et al.160 pointed out that even though local/
regional techniques tended to be used in less medically it patients, 
those patients who did receive local/regional anesthesia instead of 
general anesthesia required less cardiovascular support during 
and after the surgery, had briefer ICU and hospital stays, and had 
lower morbidity and mortality. An analysis of 6,009 elective 
EVAR procedures performed between 2005 and 2008 and regis-
tered in the ACS NSQIP database showed that when compared to 
general anesthesia, local/regional anesthesia was associated with 
decreased duration of hospital stay and pulmonary morbidity.161 
An analysis of 5,557 patients in 164 centers composing the EURO-
STAR registry showed that when compared to general anesthesia, 
local/regional anesthesia beneited patients by reducing operative 
time, number of ICU admissions, duration of hospital stay, and 

number of systemic complications.162 Furthermore, local anes-
thesia was superior even to regional anesthesia for most of these 
parameters, though regional anesthesia was still superior to gen-
eral anesthesia. Table 39-6 presents a selection of procedure 
related data from the EUROSTAR registry. In a study of 217 con-
secutive patients receiving EVAR in an approach favoring local 
anesthesia as the irst choice for anesthetic technique, 84% of the 
patients were deemed appropriate for local anesthesia, and the 
conversion rate from local to general anesthesia was 7.6%.163

Conversion from evaR to oaR

Conversion from EVAR to OAR may occur in the setting of difi-
cult arterial access, vessel dissection at the arterial access site, poor 
anatomic parameters for EVAR such as with tortuous iliac arteries, 
stent malposition, stent migration, and aneurysm rupture. For the 
clinician, conversion in this setting will involve conversion to a 
general anesthetic and the need for adequate resuscitative equip-
ment such as cell saver and rapid infusion devices, which must be 
readily available in centers performing EVARs. A primary conver-
sion is classiied as an open reoperation within 30 days following 
EVAR and is most commonly associated with Type I endoleak (see 
deinition below). A secondary conversion is classiied as an open 
reoperation after 30 days following an EVAR and is usually per-
formed for continuing enlargement of the aneurysm sac or for a 
persistent endoleak. Another indication for secondary conversion 
is aneurysm rupture despite successful sac exclusion. The incidence 
of acute conversion is 1.1%, and the morbidity and mortality rates 
for those patients are similar to those who have elective OAR.164

Complications

Endoleak

Despite the minimally invasive nature of the technique, there are 
several complications unique to EVAR that must be anticipated. 
Endoleak is the most common complication, greater than 30% in 
some studies. An endoleak is deined as persistent blood low out-
side the wall of the stent graft into the aneurysm sac. Endoleak 

TAbLE 39-6.  seleCted eurostar registry ProCedure related data ComParing general, 

regional, and loCal anesthetiC teChniques for Patients undergoing  

evar (n = 5,557 Patients)

Measurements GA (n = 3,848) RA (n = 1,399) LA (n = 310) P (GA vs. RA) P (GA vs. LA) P (RA vs. LA)

Additional procedure 1,239 (32.2) 454 (32.5) 52 (16.8) NS <0.0001 <0.0001
Procedure duration 

(min)
133.3 ± 59.1 

(30–660)
127.6 ± 52.8 

(33–540)
115.7 ± 42.2 

(25–340)
<0.0001 <0.0001 0.0009

ICU admission 619 (16.2) 116 (8.3) 6 (2) <0.0001 <0.0001 0.0004
Hospital stay (days) 6.2 ± 8.5 (1–165) 5.1 ± 7.5 (1–106) 3.7 ± 3.1 (1–24) <0.0001 <0.0001 0.0070
Replaced blood volume 

(mL)
574.4 ± 714.6 

(35–6,000)
643.9 ± 672.1 

(100–4,500)
357.4 ± 436.3 

(10–2,000)
NS 0.0334 0.0159

Device-related 
complications

196 (5.1) 67 (4.8) 11 (3.6) NS NS NS

Systemic complications 498 (13) 133 (9.5) 20 (6.6) <0.0001 0.0004 NS

Values are means ± SD (ranges or %).
EVAR, Endovascular aneurysm repair; GA, general anesthesia; RA, regional anesthesia; LA, local anesthesia; NS, not signiicant; ICU, intensive care unit.
Adapted with permission. Ruppert V, Leurs LJ, Steckmeier B, et al. Inluence of anesthesia type on outcome after endovascular aortic aneurysm repair: An analysis based 
on EUROSTAR data. J Vasc Surg. 2006;44(1):16–21.



1132 seCTion vii Anesthesia for Surgical Subspecialties

exposes the weak aneurysm wall to continued flow that may lead 
to rupture. White et al.165 proposed the following classiication 
system, with endotension being added by Gilling-Smith et al.166 
(Fig. 39-9):

 ■ Type I—high low leak adjacent to a stent that is not sealing the 
sac from the systemic circulation (requires immediate inter-
vention).

 ■ Type II—low low leak due to arterial branches that have been 
excluded by the stent (can be treated with embolization).

 ■ Type III—failure with the stent itself or at its junction with 
another stent (requires immediate recognition and treatment).

 ■ Type IV—porosity in the stent (often resolves with reversal of 
anticoagulation).

 ■ Type V (endotension)—persistent or recurrent pressurization 
of the aneurysm sac despite no detectable endoleak.

Types I and III are high-pressure leaks and generally require 
urgent management because of their relatively high short-term 
risk of sac rupture. Differentiation between types I and III is often 
unnecessary because both are angiographically evaluated and sub-
sequently treated. Type II endoleak also requires correction when 
associated with enlarging aneurysm sac. Endoleak of all types 
are usually treated via the endovascular route. However, Type II 
endoleak without enlargement can be managed conservatively, 
and the rupture rate appears to be low. Like Type II endoleak, 
Type V endoleak (endotension) is a low low leak and is consid-
ered less urgent, though continued endovascular evaluation may 
be warranted if there is impending aneurysm sac growth or patient 
symptoms.

Other Complications

Other problems related to EVAR include problems with arterial 
access; migration or malpositioning of the stent; obstruction of 
renal, mesenteric, or other major vascular ostia; contrast-induced 
nephropathy; and aneurysm rupture. Understanding surgical 
concerns will help prepare the clinician for potential problems. 
Severely atherosclerotic vessels may be dificult to cannulate and 
access. Percutaneous access may not be feasible in obese patients, 
or in patients who have had previous groin surgery, thus necessi-
tating open groin access and arteriotomy. Aggressive attempts to 
negotiate less than ideal anatomy may lead to retroperitoneal 
hematoma and signiicant morbidity and mortality.

The EUROSTAR collaborators registry demonstrated a 0.21% 
risk of postoperative symptoms of spinal cord ischemia (6 out of 
2,862 patients) in patients receiving EVAR, which is similar to the 
risk with OAR. Of the six patients with spinal cord ischemia, one 

had complete infarction of the distal cord with laccid paraplegia 
and total sensory loss, two had anterior spinal artery infarction with 
bilateral laccid paraplegia and loss of temperature and pain sensa-
tion, and three had bilateral nerve root or lumbar plexus damage 
with asymmetric motor and sensory defects. The three patients 
with cord infarction had no recovery, two of the three with nerve 
root damage had partial recovery, and one of the three with nerve 
root damage had complete recovery. Of the possible causes of spi-
nal cord ischemia during AAA repair, including greater radicular 
artery occlusion, prolonged aortic clamping, intraoperative hypo-
tension, atheromatous embolization, and interference with pelvic 
circulation, only atheromatous embolization and interference 
with pelvic circulation are relevant to EVAR. The EUROSTAR col-
laborators concluded that since all six patients with spinal cord 
ischemia had at least one patent hypogastric artery, thus ruling out 
interference with pelvic circulation as a cause of the ischemia, the 
ischemia was most likely caused by atheromatous embolization.167 
Interestingly, a case report by Lioupis et al.168 details development 
of paraplegia 24 hours after EVAR, with resolution subsequent to 
immediate CSF drainage. The incidence of spinal cord ischemia is 
higher in patients receiving endovascular repair for a thoracic 
aneurysm. One study of 261 patients demonstrated an incidence 
of spinal cord ischemia of 10%, with half of those being reversible 
with CSF drainage.169

Postimplantation syndrome is a weakly deined yet common, 
transient condition characterized by fever, leukocytosis, elevated 
C-reactive protein level, and coagulopathy. The incidence is esti-
mated at 35% to 60%.170 The cause is not completely understood 
though endothelial activation may play a crucial role and it is not 
prevented by prolonged antibiotic treatment. Fever within 48 
hours of EVAR is common and generally does not require micro-
biologic investigation, though fever beyond 48 hours of EVAR is 
more likely to yield positive cultures.

open aortic Repair

Perioperative (i.e., 30-day) mortality in elective OAR ranges from 
3% to 4.6%.66,142,143 Hypotension increases perioperative risk by 
3-fold, whereas pre-existing heart disease, including CAD and 
CHF, increase the risk of mortality by 2.5-fold to 5-fold. Expedi-
tious surgery with better graft materials, minimal clamp time, and 
blood conservation, along with better understanding of the 
pathophysiology of the disease, have made aortic surgery safer.

OAR was developed with the mindset of imitating normal 
anatomy. While it is usually easier and better to imitate normal 
anatomy during OAR, situations exist that require circuitous 

Type I Type II Type III Type IV

FIgURE 39-9. Categories of endoleaks. 
Type I: Inadequate proximal or distal seal. 
Type II: Backflow from collaterals, such as 
lumbar arterial branches or the inferior mes-
enteric artery. Type III: Defects in the fabric or 
seal failures where modular components 
overlap. Type IV: Porosity of graft fabrics; 
typically resolve after reversal of the antico-
agulation employed for the endovascular 
abdominal aortic repair procedure. (Reprint-
ed from: White GH, May J, Waugh RC, et al. 
Type III and type IV endoleak: Toward a com-
plete definition of blood flow in the sac after 
endoluminal AAA repair. J Endovasc Surg. 
1998;5:305, with permission.)
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revascularization procedures, such as axillofemoral or femoral–
femoral bypasses. These procedures may be required for graft 
infection, repeat surgery, or a hostile abdomen. A hostile abdo-
men includes: A postradiation state, adhesions, sepsis, and malig-
nancy. It is emphasized these circuitous procedures have lower 
long-term patency rates than anatomically correct procedures.

monitoring and vascular access

OAR requires continuous arterial blood pressure measurement, 
large-caliber venous access, and the ability to reliably and quickly 
administer medications. It may also be helpful to monitor certain 
aspects of cardiac function, to increase spinal perfusion pressure, 
and to minimize postoperative pain.

An arterial catheter should be placed proximal to the level of the 
aortic cross-clamp. because these patients are at increased risk for 
future procedures involving the arteries in the nondominant arm; 
that is, radial artery harvest for coronary artery bypass grafting or 
arteriovenous istula creation for hemodialysis access, the authors 
prefer to place the arterial catheter in the dominant arm. An arterial 
catheter may also be placed distal to the cross-clamp if there is a 
desire to monitor distal arterial pressure during the cross-clamp, 
such as with distal perfusion via a partial bypass machine.

Large-caliber venous access is best achieved with a central 
venous introducer because it can serve as a route for rapid admin-
istration of luids, for central administration of medications, and 
for insertion of a PAC. At least one additional large-caliber venous 
catheter should be placed.

Intensive cardiac monitoring is usually performed with either 
a PAC or a TEE probe. Infrarenal OAR in the absence of cardio-
pulmonary disease rarely requires this intensive cardiac monitor-
ing. The clinician will often place a PAC if the cross-clamp will be 
suprarenal, although large randomized trials have not demon-
strated improvement in outcome with PACs.171 Though some 
clinicians prefer to use TEE for intensive cardiac monitoring, it 
may not be advisable for higher thoracoabdominal aortic aneu-
rysms, because the tip of the TEE probe may be very near to the 
aneurysm itself. This may cause mechanical injury to either the 
aneurysm or the esophagus because the TEE probe can push  
the esophagus against the aneurysm sac.

Through anterior segmental arteries that branch off the aorta, 
and especially through the Artery of Adamkiewicz, the aorta sup-
plies blood to the anterior spinal cord. Ischemia of the anterior 
spinal cord, and the resulting paraplegia, is a serious concern dur-
ing OAR. Optimizing spinal perfusion pressure may help to pre-
vent anterior spinal cord ischemia. This is achieved with a 
combination of maintaining relatively higher arterial blood pres-
sure and lower CSF pressure. CSF pressure is managed with an 
intrathecal drain, sometimes known as a “lumbar drain,” placed at 
the L3–L4 or L4–L5 interspace. Some clinicians will place an 
intrathecal drain the night before surgery to assure suficient clot-
ting in the event of a traumatic tap. Allowing CSF to drain when 
its pressure exceeds a certain maximum, usually 5 to 10 mm Hg, 
will help to maintain a lower CSF pressure. It is not always possi-
ble to maintain this lower pressure, because one has to be careful 
not to drain the CSF too rapidly. If the CSF drains faster than 10 
mL/hr, there may be a risk of intracranial herniation. Also, it is 
ideal if the CSF is drained at a steady rate, such as 10 mL slowly 
over an hour for several hours, rather than 10 mL quickly once an 
hour for several hours. The drain is removed after the risk of para-
plegia has diminished and the coagulation status is acceptable, 
usually on the second or third postoperative day.

A thoracic epidural may be the best way to achieve adequate 
analgesia while minimizing respiratory depression, especially 
when the surgical exposure includes a thoracotomy, and especially 

if there exists concomitant pulmonary disease.172 Epidural practice 
guidelines, such as those published by the American Society of 
Regional Anesthesia and Pain Medicine (ASRA),33 will guide the 
clinician in the timing of epidural placement and removal as well 
as the timing of anticoagulation. At the time of this writing, hepa-
rinization may be started 1 hour after atraumatic placement of an 
epidural. If placement is traumatic, the guidelines state heparin-
ization should be delayed for 24 hours. If placement reveals a “wet 
tap,” then the catheter should not be used as an intrathecal cathe-
ter, because intrathecal local anesthetics will produce a motor 
block that will make it dificult to assess postoperative lower 
extremity neurologic function. Instead, the clinician can attempt 
to place the catheter at a different level. A “wet tap” does not 
require a delay in heparinization beyond the 1 hour required for 
atraumatic placement. During surgery, the epidural should be 
managed in such a way as to enable a postoperative lower extrem-
ity neurologic examination. A low-concentration local anesthetic, 
such as bupivacaine up to 0.125% or ropivacaine up to 0.2%, can 
be used yet still enable a postoperative examination. Some clini-
cians; however, will prefer to employ an opioid-only regimen to 
ensure there is no motor block. The epidural can be removed post-
operatively once normal coagulation has been restored.

Virtually all anesthetic techniques and drugs have been used 
for aortic reconstructive surgery. The ability to maintain hemody-
namic equilibrium and attend to detail is more crucial to outcome 
than is the choice of drugs. Volatile anesthetics provide a means of 
controlling afterload and preload but can lead to an increased 
need for intravascular volume. Perhaps the most important reason 
to routinely include volatile agents in general anesthetics is that 
volatile anesthetics improve preconditioning mechanisms and 
reduce the size of MI, should it occur.173 In the authors’ practice, a 
volatile anesthetic is combined with a low-dose sufentanil infusion 
(2 to 5 µg/kg) if an epidural is not used.

surgical approach

Abdominal aortic repair is performed either through a transperi-
toneal or a retroperitoneal exposure. In the irst case, a thora-
coabdominal midline incision is performed and the aorta is 
accessed through the peritoneum. This generous exposure is usu-
ally favored for complex aortic repair or replacement. In the ret-
roperitoneal approach, incision is made over the lateral border of 
the left rectus muscle, 2 cm below the umbilicus to the 12th rib. 
This allows access to the aorta from the crux of the diaphragm to 
its bifurcation. The retroperitoneal technique allows a surgical 
exposure as good as the transperitoneal approach and is associ-
ated with less luid shift, faster return of bowel function, lower 
pulmonary complications, shorter ICU stay, and lower overall 
hospital cost. The retroperitoneal approach is considered by 
many to be more appropriate in cases of truncal obesity, COPD, 
hostile abdomen, and juxtarenal aneurysm. However, the retro-
peritoneal approach is associated with frequent chronic wound 
pain, incisional hernias, and abdominal bulges. Intraoperative 
blood loss during OAR can be signiicant and depends on the size 
and complexity of the AAA. The postoperative course usually 
requires admission to the ICU for several days. The postoperative 
recovery period after OAR can be several months.

aortic Cross-clamping and unclamping

Infrarenal aortic clamping carries the lowest risk for patients; 
supraceliac clamping carries the highest. Clinicians should be aware 
that 10% to 20% of “infrarenal” aortic disease will actually involve 
the suprarenal portion of the aorta, necessitating suprarenal clamp-
ing. Ruptured aneurysms often must be controlled initially by 



1134 seCTion vii Anesthesia for Surgical Subspecialties

supraceliac clamping because of anatomic considerations. In addi-
tion to these clamp locations, there is also a lower clamp placed to 
eliminate retrograde bleeding from the distal anastomosis site. This 
lower clamp may be at the level of the iliac or femoral arteries.

The classic investigations of Gelman174 deine the pathophysi-
ology of hemodynamic changes during aortic cross-clamping and 
unclamping. Aortic cross-clamping increases the mean arterial 
pressure and systemic vascular resistance up to 50%. This is 
attributed to a sudden increase in impedance to aortic low (after-
load), activation of renin, and release of catecholamines, prosta-
glandins, and other active vasoconstrictors. Cardiac output 
initially decreases in the face of high systemic vascular resistance, 
and that decrease may be reinforced by the decrease in oxygen 
consumption below the aortic cross-clamp (Figs. 39-10–39-12, 
Table 39-7). Some of the initial changes in hemodynamics associ-
ated with cross-clamping can be offset by boluses of a vasodilator 
administered immediately before placement of the clamp (e.g., 
nitroprusside 0.3 to 0.7 µg/kg, nicardipine 200 to 600 µg, or mil-
rinone 50 µg/kg over 10 minutes). In this case, mechanical and 
pharmacologic actions cancel out each other while the body is 
allowed to adapt.

Preload changes are more variable than blood pressure 
changes. Higher central venous pressure and pulmonary artery 
occlusion pressures do not accompany the decrease in cardiac 

1

AoX

Passive venous recoil
distal to clamp

Catecholamines
(and other

venoconstrictors)

Active venoconstriction
proximal and distal

to clamp

Shift of blood volume
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vasculature

Venous return,
preload

(if splanchnic
venous tone is high)

↓  Venous return,
preload

(if splanchnic
venous tone is low)

Infraceliac AoXSupraceliac AoX
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Shift of blood volume
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flow in muscles
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↓

↑
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FIgURE 39-10. Blood volume redis-
tribution during aortic cross-clamping 
(AoX). This schedule depicts the rea-
son for the decrease in venous ca-
pacity, which results in blood volume 
redistribution from the vasculature 
distal-to-aortic occlusion to the vas-
culature proximal-to-aortic occlusion. 
If the aorta is occluded above the 
splanchnic system, the blood volume 
travels to the heart, increasing preload 
and blood volume in all organs and 
tissues proximal to the clamp. How-
ever, if the aorta is occluded below the 
splanchnic system, blood volume may 
shift into the splanchnic system or into 
the vasculature of other tissues proxi-
mal to the clamp. The distribution of 
this blood volume between the splanch-
nic and nonsplanchnic vasculature de-
termines changes in preload. ↑ and ↓, 
increase and decrease, respectively. 
(Reprinted from: Gelman S. The patho-
physiology of aortic cross-clamping and 
unclamping. Anesthesiology. 1995;82:
1026, with permission.)

index in the healthy heart. However, in those with CAD, myocar-
dial dysfunction may be associated with cross-clamping and may 
lead to an increase in illing pressures. Infrarenal aortic cross-
clamping is well attenuated compared with suprarenal clamping; 
during occlusive disease repair, aortic clamping usually has lim-
ited systemic hemodynamic effect. With lower clamping, blood 
volume from the infrasplanchnic vasculature may shift to the 
compliant splanchnic vasculature limiting preload changes, and 
vasodilation above the level of the clamp offsets the mechanical 
impedance to aortic low. Clamping an occluded artery is 
expected to have minimal effect. Existing collateral circulation 
remains intact during clamping and is responsible for maintain-
ing lower body perfusion despite aortic cross-clamping. For 
higher clamps, nitrate therapy will not necessarily prevent wall 
motion abnormalities, and care should be exercised when using 
any vasodilator because of the importance of maintaining visceral 
and spinal perfusion pressure below the aortic cross-clamp. Fur-
thermore, use of a thoracic epidural at the start of the case may 
provide enough of a sympathectomy to mollify the increase in 
blood pressure seen with higher clamp levels. It may be acceptable 
to allow a systolic blood pressure as high as 180 to 200 mm Hg as 
long as the surgeon has acceptable operating conditions. Even 
relative hypotension (<20% below resting pressure) probably 
should be avoided unless other means (i.e., passive shunts or 
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TAbLE 39-7.  effeCt of level of aortiC oCClusion on Changes in CardiovasCular variables

% Change in Variable, by Level of Aortic Occlusion

Cardiovascular Variable Supraceliac Suprarenal Infraceliac Infrarenal

Mean arterial blood pressure 54  5a  2a

Pulmonary capillary wedge pressure 38 10a  0a

End-diastolic area 28  2a  9a

End-systolic area 69 10a 11a

Ejection fraction –38 –10a –3a

Abnormal motion of wall, % of patients 92 33  0

New myocardial infarctions, % of patients  8  0  0

aStatistically different (P < 0.05) from group undergoing supraceliac aortic occlusion.
Adapted with permission from Roizen MF, Ellis JE, Foss JF, et al. Intraoperative management of the patient requiring supraceliac aortic occlusion. In: Veith FJ, Hobson 
RW, Williams RA, Wilson SE, eds. Vascular Surgery, 2nd edn. New York, NY: McGraw-Hill; 1994:256.

mechanical bypass) are used to perfuse the lower part of the body 
and promote visceral/spinal cord blood flow.

Reperfusion after unclamping the aorta causes systemic 
release of an acute load of potassium, acid, and other mediators. 
This can result in severe arterial hypotension unless aggressive 
therapy is undertaken before unclamping (Fig. 39-13). Various 
therapies are employed by anesthesiologists and surgeons, with 
no evidence to support one is superior to another. Most anesthe-
siologists employ some degree of fluid loading with or without 

vasoconstrictors (e.g., phenylephrine 100 to 200 µg, norepineph-
rine 8 µg, or calcium chloride 300 to 500 mg) that can offset the 
negative inotropic/dromotropic effects of reperfusion. Much 
preferable to pharmacologic manipulation is gradual unclamp-
ing, unclamping with gradual sequential release of bilateral 
femoral pressure, or restoring flow to one leg at a time in aorto-
bifemoral grafts.

management of elective open aortic Repair

Hemodynamic management during OAR requires the clinician to 
anticipate the sudden changes in intravascular volume and systemic 
vascular resistance seen during clamping, unclamping, and bleed-
ing. Prehydration may limit variations in blood pressure during sur-
gery. The patient’s vital signs should be kept within 20% of his or her 
normal range, as long as the heart rate does not exceed 80 to 90 beats 
per minute and signs of organ ischemia are absent. Increases in 
blood pressure or heart rate may be treated with boluses of an opi-
oid. Left ventricular end-diastolic volume can be assessed by TEE. 
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and contractility
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and contractility
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FIgURE 39-11. Systemic hemodynamic response to aortic cross-
clamping (AoX). Preload does not necessarily increase. If during infrare-
nal aortic cross-clamping blood volume shifts into the splanchnic vascu-
lature, preload does not increase (see Fig. 39-10). Ao, aortic; R art, 
arterial resistance; CO, cardiac output; ↑ and ↓, increase and decrease, 
respectively; *, different patterns are possible (see Fig. 42-7). (Reprinted 
from: Gelman S. The pathophysiology of aortic cross-clamping and un-
clamping. Anesthesiology. 1995;82:1026, with permission.)
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FIgURE 39-12. Spinal cord blood flow and perfusion pressure during 
thoracic aortic occlusion, with or without sodium nitroprusside (SNP) 
infusion. The changes (arrows) represent the response to aortic cross-
clamping (AoX) per se. Ao, aortic; SNP−, SNP counteracts the effect of 
cross-clamping; SNP+, SNP aggravates the effect of cross-clamping; ICP, 
intercranial pressure; ↑ and ↓, increase and decrease, respectively. (Re-
printed from: Gelman S. The pathophysiology of aortic cross-clamping 
and unclamping. Anesthesiology. 1995;82:1026, with permission.)
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It is important to maintain temperature homeostasis, unless hypo-
thermia is desired for potential spinal cord protection.

The application of an aortic cross-clamp causes a sudden 
increase in systemic vascular resistance, which in turn may cause 
deterioration in myocardial function. The initial deterioration 
improves after 10 minutes, and returns to baseline after unclamp-
ing.175 For the half-hour immediately before cross-clamping and 
aortic occlusion, the patient is kept slightly hypovolemic by exam-
ining the ventricular volume by means of echocardiography or by 
keeping pulmonary capillary wedge pressure at 5 to 15 mm Hg. At 
the time of occlusion, a vasodilating drug is available for immediate 
use if needed. Alternatively, the concentration of volatile anesthetic 
may be increased or a local anesthetic may be injected into the epi-
dural catheter; both require careful attention to avoid hypotension. 
If local anesthetics are used in the epidural, the resulting sympa-
thectomy may signiicantly complicate the management of subse-
quent hypotension due to hypovolemia. One approach to reduce 
blood pressure in the face of aortic occlusion has been described 
using 15 cm H2O positive end-expiratory pressure immediately 
before cross-clamp, with removal just before unclamping.176 This 
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FIgURE 39-13. Systemic hemodynamic response to aortic unclamp-
ing. Preload does not necessarily increase. AoX, aortic cross-clamping; 
Cven, venous capacitance; R art, arterial resistance; Rpv, pulmonary 
vascular resistance; ↑ and ↓, increase and decrease, respectively. (Re-
printed from: Gelman S. The pathophysiology of aortic cross-clamping 
and unclamping. Anesthesiology. 1995;82:1026, with permission.)

approach facilitates volume loading and reduces hypotension after 
unclamping. If there is concern about spinal cord perfusion while 
the aorta is cross-clamped, some proximal hypertension may pro-
vide higher spinal perfusion pressures and prevent distal ischemia. 
This alternative may come at the expense of myocardial well-being 
as evidenced by 92% of patients with a supraceliac cross-clamp 
experiencing myocardial ischemia, as evidenced by abnormal 
motion and thickening of the left ventricle (Table 39-7). Adminis-
tration of vasoconstrictors should be avoided, if possible. A pri-
mary goal of the clinician is to ensure that the patient has an 
adequate blood volume at the time the surgeon removes the cross-
clamp. This is best achieved during occlusion by replacing blood 
that is lost with crystalloid, colloid, warmed cell-saver blood, or 
warmed banked blood. During occlusion, the target hematocrit is 
slightly above 30%, because after the cross-clamp is removed the 
hematocrit will decrease to 30%.

The authors recommend the use of autotransfusion devices, 
although they may only serve to delay transfusion of allogenic 
blood, not reduce it. The clinician should be aware that during 
aortic occlusion, blood loss might not be relected in the hemody-
namic monitoring because the effects of the cross-clamp on sys-
temic vascular resistance can obscure the underlying volume 
status. Because a large part of the vascular tree is excluded from 
circulation during temporary aortic occlusion, blood loss can be 
considerable during supraceliac cross-clamping without the onset 
of hypotension or tachycardia. Blood loss into the pleural or ret-
roperitoneal cavity may not be readily detected. Evisceration of 
bowel, often necessary for optimal exposure of the thoracoab-
dominal aorta, further depletes intravascular volume. If more 
blood loss is anticipated after 6 units of blood have been given, 
the clinician should request 10 units of platelets, and occasionally 
2 units of fresh-frozen plasma.

The clinician can use illing pressures or echocardiographic 
estimates of volume to guide them in administering crystalloid, 
colloid, or blood in anticipation of the surgeon removing the 
cross-clamp. Vasodilators should be discontinued immediately 
before removal of the cross-clamp. The surgeon should remove 
the cross-clamp gradually to ensure that severe hypotension or 
bleeding does not develop. After removal of the cross-clamp, 
pulmonary artery pressure and central venous pressure may 
increase because reperfusion of ischemic tissues is associated 
with the release of lactic acid and other mediators that can cause 
pulmonary vasoconstriction. Mannitol prophylaxis may attenu-
ate this response. Another method is to administer an infusion of 
human ANP starting 5 minutes after clamping. This has been 
shown to attenuate the increases in pulmonary artery pressure 
and vascular resistance, without causing severe systemic hypo-
tension.177

During emergence from anesthesia, and in an effort to prevent 
hemodynamic variations outside the patient’s normal range, the cli-
nician can infuse nitroglycerin, esmolol, or other β-adrenergic 
blocking agents. If appropriate, the trachea should be extubated at 
the conclusion of surgery. Prophylactic β-blockade should be con-
tinued into the postoperative period if tolerated. The clinician may 
prefer to use a short acting agent, such as esmolol, in unstable 
patients and a long acting agent, such as metoprolol, in stable 
patients.

Thoracic and Thoracoabdominal aneurysm Repair

Thoracic and thoracoabdominal aortic aneurysm repair are 
among the most challenging for clinicians. Coincident CAD and 
COPD are common. Lung isolation is required to facilitate sur-
gical access to the aneurysm and to avoid an iatrogenic pulmo-
nary contusion in the left lung. If planning to use postoperative 



 CHaPTeR 39 Anesthesia for Vascular Surgery 1137

A
N

E
S
T
H

E
S
IA

 F
O

R
 S

U
R

G
IC

A
L
 

S
U

B
S
P
E
C

IA
LT

IE
S

ventilation, it may be advantageous to use a single-lumen endo-
tracheal tube with a bronchial blocker rather than a double-
lumen endotracheal tube, because edema of the head and neck 
frequently occurs after high cross-clamping, even with distal 
perfusion.

Generous exposure of the thoracic and abdominal aortas and 
its major branches can be obtained with a left thoracoabdominal 
incision and retroperitoneal dissection. The thoracoabdominal 
approach is favored for complex thoracoabdominal aortic 
replacement in the presence of stenotic or aneurysmal disease. 
There are two general methods of attaching the visceral branches 
to the aortic graft. One method is to excise the visceral branches 
from the parent aorta with a button of aortic wall that can later be 
sewn into the aortic graft. Another method is to prepare an aortic 
graft with attached smaller grafts that can be anastomosed to the 
visceral branches, sometimes with a device that allows for quick 
deployment and attachment. Identiication of large intercostal 
vessels may warrant reanastomosis to the graft in order to opti-
mize spinal cord perfusion after repair. If the patient also has mes-
enteric occlusive disease, endarterectomy of these branch vessels 
is performed before they are attached to the graft. If mesenteric 
revascularization is to be performed without aortic replacement, 
endarterectomy of the major branches of the aorta may be per-
formed with the thoracoabdominal exposure.

Distal perfusion can be used to limit the duration of renal and 
mesenteric ischemia. Partial bypass, with or without an oxygen-
ator, can be used to direct part of the patient’s blood low from 
either a pulmonary vein or the left atrium to the femoral artery. 
Perfusion to viscera below the lower aortic cross-clamp is then 
retrograde from the site of the femoral artery cannula. The only 
ischemic viscera are those between the two aortic clamps. As the 
visceral branches are anastamosed to the aortic graft, the clamps 
can be moved such that a maximum amount of viscera is being 
perfused either anterograde from above the upper clamp or retro-
grade from below the lower clamp.

Thoracic and thoracoabdominal aortic aneurysm repair has 
perioperative mortality as high as 20%. For this reason, TEVAR 
has been advocated as an alternative to OAR. The incidence of 
paraplegia with TEVAR seems to be reduced compared to OAR. 
One approach to lessen paraplegia after TEVAR has been to place 
a temporary stent under SSEP monitoring and deploying a per-
manent stent only if SSEP is unchanged. However, motor evoked 
potential monitoring would seem more appropriate for monitor-
ing function of the anterior spinal column. Several authors have 
reported successful treatment of paraplegia by increasing spinal 
perfusion pressure with a combination of induced hypertension 
and CSF drainage. Another method described is placing an intra-
thecal catheter preoperatively, both for administering local anes-
thetic to provide anesthesia for the femoral or iliac arterial access 
and also for prophylactic CSF drainage.

aortomesenteric Revascularization

Chronic mesenteric ischemia is caused by atherosclerosis or dis-
section, while acute mesenteric ischemia is usually caused by an 
acute embolic event or trauma. Surgical revascularization for 
chronic ischemia is indicated only in symptomatic disease, which 
occurs when two of the main mesenteric vessels become occluded. 
Elective surgery for asymptomatic occlusive disease is not justi-
ied because of the high risk of perioperative mortality, which can 
range from 7% to 18%. Cardiac events, hemorrhage, and bowel 
infarction are the most dreaded complications. In symptomatic 
cases of chronic ischemia, elective surgical repair with or without 
concomitant aortic replacement remains the best choice because 
percutaneous transluminal angioplasty and stenting are associ-

ated with a signiicant incidence of recurrence and should be 
reserved to speciic cases. Partial cross-clamping of the aorta is 
preferred, if possible, and may mitigate hemodynamic changes. 
For acute ischemia, the presence or absence of intestinal infarc-
tion plays a major role in the patient’s overall prognosis. If a 
 single-vessel endarterectomy is performed, it may be carried out 
for either the celiac axis or the superior mesenteric artery.

aortorenal Revascularization

Renal artery revascularization can be performed by endarterec-
tomy, bypass, or ex vivo renal artery repair. Extra-anatomic renal 
artery bypass may be best suited for sick, debilitated patients who 
would not tolerate aortic clamping. Percutaneous approaches 
have largely replaced surgery for isolated renal artery revascular-
ization.

infrarenal operations

Repair of the infrarenal aorta is performed by exposing the rele-
vant portion of the aorta and the iliac arteries. Although it is gen-
erally recognized that distal ischemic complications are due to 
dislodgment of atheromatous material off the diseased aorta and 
that the systemic use of heparin in the absence of distal occlusive 
disease is unnecessary, many centers still employ heparin before 
aortic clamping. Aortic repair is carried out by interposition of a 
graft with an end-to-end anastomosis. Aortobiiliac, aortobifemo-
ral, and aortoiliac/femoral grafts are used in most cases. Collagen-
impregnated polyester iber (Dacron) and polytetraluoroethylene 
(PTFE) grafts are both used. While both graft materials have their 
advantages and disadvantages, the clinician should note there 
appears to be an association between Dacron and rare episodes of 
anaphylaxis, which may be related to the stabilizers used in their 
manufacture.

management of emergency aortic surgery

The most common cause of emergency aortic repair is a leaking 
or ruptured aortic aneurysm. Ruptured aneurysms carry an asso-
ciated mortality roughly 10 times greater than elective repair. 
Symptoms of ruptured AAAs include pain, faintness or frank col-
lapse, and vomiting. Pain in the back, abdomen, or both is almost 
always present. Therefore, many surgeons believe pain in combi-
nation with a known AAA or a pulsatile abdominal mass indicates 
dissection or rupture and the immediate need for surgical explo-
ration, until proved otherwise. Ruptures most commonly occur 
into the retroperitoneum, a site that permits tamponade. How-
ever, retroperitoneal hemorrhage and subsequent hematoma can 
displace the left renal vein, inferior vena cava, and intestine, pos-
sibly leading to damage to these structures during the surgical 
approach. Approximately 25% of aneurysms rupture into the 
peritoneal cavity, often resulting in exsanguination. Other sites of 
rupture include structures with which the AAA may form istulae: 
Inferior vena cava, iliac veins, renal veins, or bowel.

evaR for Ruptured aaa

There have been several recent articles suggesting EVAR is supe-
rior to OAR for ruptured AAA repair.178–180 The criticism of these 
conclusions is generally that the EVAR and OAR groups are not 
similar because the least stable patients proceed directly to the 
operating room for OAR, and patients with particularly challeng-
ing anatomy are deemed inappropriate for EVAR. Both of these 
scenarios result in the OAR group being at a disadvantage to have 
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successful outcomes compared to EVAR. Regardless of the contro-
versy surrounding EVAR for ruptured AAA repair, there is con-
sensus that two keys to success are an experienced team approach 
and a protocol for EVAR in patients with a ruptured AAA.

Starnes et al.179 recently reported that after implementing an 
algorithm favoring EVAR for ruptured AAA repair, they saw a highly 
signiicant improvement in their overall ruptured AAA 30-day mor-
tality. During 2002 to 2007, they treated 131 patients for ruptured 
AAA by performing 127 OARs and 1 EVAR, with a combined 30-day 
mortality of 58%. For the 22 months after implementing their algo-
rithm, they treated 56 patients by performing 24 OARs, 27 EVARs, 
and 5 comfort care therapies, with a combined 30-day mortality of 
35% for an absolute risk reduction of 23%. Rupture time and the 
number of patients with hypotension (systolic blood pressure 
<80 mm Hg) were similar between the pre- and postalgorithm eras. 
The incidence of preoperative renal insuficiency was greater in the 
postalgorithm era. It is important to note that the 30-day mortality 
for those receiving OAR did not change after implementing the 
algorithm, therefore the reduced mortality can be attributed either 
to having a protocol for ruptured AAA or to performing a larger 
percentage of EVARs. Holt et al.181 investigated 3,725 urgent and 
4,414 ruptured AAA repairs conducted in England between 2003 
and 2008. They showed that for both urgent and ruptured AAA, 
EVAR offered a survival advantage over OAR, and higher-volume 
hospitals had lower mortality for both EVAR and OAR.

At the time of this writing, the Immediate Management of 
the Patient with Rupture: Open Versus Endovascular repair 
(IMPROVE)182 trial is being conducted. This large multicenter 
randomized controlled trial will help answer the question of 
whether EVAR is superior to OAR for ruptured AAA.

Ruptured aaa with shock

Shock frequently accompanies rupture. However, the absence of 
hypotension does not rule out the possibility of rupture, and 
shock may occur suddenly. The highest priority in patients in 
shock is rapid diagnosis with immediate laparotomy and control 
of the proximal aorta. A supraceliac cross-clamp will exclude the 
hepatic artery from circulation, which may diminish hepatic blood 
low enough that metabolism of citrate is inadequate. Therefore, if 
hypotension related to poor myocardial contractility or coagu-
lopathy develops, administration of calcium may be therapeutic. 
Vasopressin may be particularly effective in restoring blood pres-
sure when hemorrhagic shock is resistant to catecholamines.

LOWER ExTREMITY 

REVASCULARIzATION

In 2009, LaMuraglia et al.183 analyzed data from the private sector 
NSQIP regarding patients undergoing infrainguinal bypass sur-
gery. They demonstrated a 30-day mortality rate of 2.7%, a 30-day 
major morbidity rate of 18.7%, a major systemic complication 
rate of 5.9%, and a major operative site-related complication rate 
of 15.1% (Table 39-8). Similar to aortic surgery, lower-limb 
revascularization has been revolutionized by the dissemination of 
endovascular techniques. Allaqaband et al.184 have summarized 
the current landscape in epidemiology and treatment of PAD. 
They report that 10 million people in the United States have 
symptomatic PAD; 20 to 30 million have asymptomatic PAD. 
The prevalence of intermittent claudication increases with age, 
affecting >5% of patients older than 70 years. The incidence of 
claudication doubles or triples in patients with diabetes. Today, 
advances in minimally invasive percutaneous interventions have 

made endovascular procedures the primary modality for revascu-
larization. Compared with open surgical procedures, endovascu-
lar interventions offer comparable or superior long-term rates of 
success with very low rates of morbidity and mortality.

The development of hybrid operating rooms, with a full array of 
imaging equipment, allows for real-time decision-making, some-
times as a combination of traditional and endovascular repair. One 
technique may be used for primary repair, while another for rescue. 
Alternatively, a percutaneous approach to supericial femoral artery 
occlusion may be combined with traditional surgery below the knee. 
Regional anesthesia may be appropriate for some patients undergo-
ing these procedures, but the same clinical challenges remain: Man-
aging multiple comorbidities, preservation of renal function, and 
radiation safety. Drug-eluting stents in the femoral artery may limit 
restenosis, just as in the coronary circulation. For such patients pre-
senting for subsequent surgery, it is unclear whether stopping anti-
platelet therapy perioperatively produces adverse events. Fortunately, 
thrombi of stented vessels are less common and less lethal in femoral 
arteries than in coronary arteries. Endovascular repair has also 
expanded to occlusive disease in the iliac arteries.

There are three clinical indications for elective surgery for 
chronic peripheral occlusive disease: (1) claudication, (2) ischemic 
rest pain or ulceration, and (3) gangrene. Patients with rest pain, 
ulceration, or gangrene are at variable risk for imminent limb loss 
and may have severe progressive ischemia. Revascularization for 
these patients is urgent. When a patient presents with a gangre-
nous (black) or pregangrenous (blue) toe, several causes other 
than progression of chronic arteriosclerotic occlusive disease must 
be considered. Emboli may originate from the heart, a proximal 

TAbLE 39-8.  inCidenCe of 30-day major 

PostoPerative oCCurrenCes  

in Patients undergoing 

infrainguinal byPass surgery

Post Operative Occurrences

All Patients  

n = 2,404

Death 2.7%
Major complications 18.7%
Major complications—operative site 15.1%
Wound dehiscence 1.7%
Wound infection 3.3%
Organ space infection 0.5%
Sepsis 3.9%
Bleed 1.6%
Graft failure 7.4%
Major complications—Systemic 5.9%
Failure to wean >48 h 1.7%
Unplanned reintubation 2.3%
Pneumonia 2.1%
Acute renal failure 0.5%
Pulmonary embolism 0%
Stroke 0.5%
Coma >24 h 0
Cardiac arrest 1%
Deep venous thrombosis 1.1%

Adapted with permission. LaMuraglia GM, Conrad MF, Chung T, et al. Signii-
cant perioperative morbidity accompanies contemporary infrainguinal bypass 
surgery: An NSQIP report. J Vasc Surg. 2009;50(2):299–304.



 CHaPTeR 39 Anesthesia for Vascular Surgery 1139

A
N

E
S
T
H

E
S
IA

 F
O

R
 S

U
R

G
IC

A
L
 

S
U

B
S
P
E
C

IA
LT

IE
S

aneurysm, or any proximal atherosclerotic lesion. Intra-arterially 
administered thrombolytic agents may have been administered, 
precluding regional anesthesia. Local infection is particularly com-
mon in diabetic patients.

Tunneling of the graft may be more stimulating than other 
parts of the procedure and may cause hypertension or movement 
under general anesthesia. The patient is usually given heparin 
during the procedure. In most cases, the heparin effect is not 
antagonized because bleeding problems are rare and graft reoc-
clusion is a concern. Graft patency is evaluated carefully in the 
recovery room. Most surgeons believe the patient’s feet should be 
kept warm and that the patient should be well hydrated. Periph-
eral vasoconstriction, which may limit outflow from the new 
graft, is prevented. If graft thrombosis develops early in the post-
operative period, the patient is promptly returned to the operat-
ing room for graft thrombectomy, as well as for evaluation and 
correction of the cause of the thrombosis. During graft throm-
bectomy signiicant blood loss can occur with lushing of the 
graft. In a study of patients undergoing traditional surgery for 
lower-limb revascularization, early graft failure occurred in 4.9% 
of patients in US Veterans Administration NSQIP database. On 
multivariate analysis, risks for early graft failure included younger 
patients (age <70 years), black race, and diabetes mellitus. 
 Femoral-to-popliteal bypass with vein or prosthetic graft was 
associated with better early graft patency than any of the tibial 
vessel bypass procedures except for popliteal-to-tibial bypass with 
autogenous vein.185 Clinicians might especially consider catheter-
based regional anesthetic techniques in patients at high risk for 
graft failure to facilitate anesthetic management should a return 
trip to the operating room be necessary.

management of elective Lower  
extremity Revascularization

The morbidity and mortality following traditional distal opera-
tions approach those following infra-aortic repair and are mainly 
of cardiac origin. Thus, although regional anesthesia is often used, 
the same management strategies and concerns previously described 
apply, with special attention to the postoperative period. It is dur-
ing the postoperative period that most cardiac problems arise and 
pain relief and correction of hemodynamic and luid disequilibria 
are most likely to be needed.

Similar to EVAR, regional anesthesia may be poorly tolerated 
by patients who are orthopneic, uncomfortable lying still for 
many hours, or demented and uncooperative. Regional anesthe-
sia may offer several advantages; however, including avoidance of 
hyperdynamic responses to tracheal intubation and extubation, 
reduced incidences of postoperative respiratory and infectious 
complications, and reduced postoperative hypercoagulability and 
graft thrombosis. Other data refute any effects of regional anes-
thesia on thrombotic outcomes and suggest only higher costs for 
postoperative surveillance. In some cases, the combination of 
regional and general anesthesia may provide patients with the 
beneits of each technique.

New data on the effect of choice of anesthetic technique on 
outcome after lower extremity surgery comes from the NSQIP 
database: 14,788 patients (general anesthesia, 9,757 patients; sub-
arachnoid block, 2,848 patients; epidural, 2,183 patients) under-
went a lower extremity infrainguinal arterial bypass during the 
study period. Compared with subarachnoid block, the odds of 
graft failure were higher with general anesthesia. When compared 
with subarachnoid block and epidural, general anesthesia was 
associated with more cases of postoperative pneumonia. Com-
pared with subarachnoid block, general anesthesia was associated 

with increased odds of returning to the operating room. However, 
there was no signiicant difference in 30-day mortality among the 
three conditions.186

General anesthesia for lower extremity revascularization has 
the advantage of obviating patient discomfort and lack of coop-
eration. Its use is virtually mandated in patients who are to have 
vein harvested from an arm. Peripheral nerve blocks (“three-in-
one,” femoral sciatic block) may also be useful during and after 
lower extremity revascularization. Compared with general anes-
thesia, combined sciatic and femoral nerve blocks reduced the 
frequency of intraoperative myocardial ischemia in a small series 
of patients undergoing lower extremity vascular surgery.187

management of emergency surgery  
for Peripheral vascular insufficiency

Acute arterial occlusion resulting in severe ischemia is a surgical 
emergency. With acute arterial occlusion, the involved extremity 
suddenly becomes cold and pulseless. Patients usually complain 
of coldness, pain, numbness, and paresthesias, and they may lose 
motor and sensory functions. Abnormal sensation in the toes, 
feet, and legs in response to light touch and pinprick, as well as 
abnormal proprioception and loss of motor function in the feet 
and toes, are hallmarks of acute ischemia and nonviability.

The cause of the vascular insuficiency is important in plan-
ning operative treatment and anesthetic management. If the cause 
is an arterial embolus, Fogarty embolectomy through a groin 
incision under local anesthesia may sufice. However, if the cause 
is thrombosis of severely diseased atherosclerotic arteries, bypass 
repair may be required. Thus, the anesthesiologist must be pre-
pared for a simple procedure or a complex, extended procedure. 
Serum potassium levels can change quickly because cell death 
causes release of intracellular potassium into the circulation. 
Myoglobin may also be released into the circulation. The develop-
ment of a compartment syndrome is a possibility, therefore fasci-
otomies may be required. Free radical scavengers such as mannitol 
and N-acetyl cysteine may be requested to mitigate reperfusion 
responses; sodium bicarbonate may or may not be given at the 
time of reperfusion. Anticoagulants are commonly administered 
to patients suspected of having peripheral vascular occlusion. If a 
patient has received anticoagulants, the appropriateness of using 
regional anesthesia is controversial. However, the authors recom-
mend that regional anesthesia should not be used when patients 
have received recent thrombolytic therapy.

CONCLUSION

Atherosclerosis is a systemic condition, and vascular surgery is 
almost always performed for but one aspect of disease. Individuals 
undergoing vascular repair are generally elderly patients with 
other major medical problems including CAD, diabetes, COPD, 
and renal insuficiency. Major morbidity relates to myocardial and 
renal well-being; therefore, the heart and kidneys should be the 
major foci of the anesthesiologist’s attention. In carotid surgery, 
the goals for anesthesia management (i.e., ensuring adequate myo-
cardial and brain perfusion and a rapidly arousable patient) may 
be facilitated with the use of neurophysiologic monitoring. In aor-
tic repair, ensuring intact myocardial function is probably the best 
way of making certain that spinal cord, visceral, and renal perfu-
sion will be adequate. In the case of peripheral occlusive disease, 
regional anesthesia plays a greater role, but the same attention to 
anesthetic and cardiovascular management is required.
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