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DEFINITION OF THE PROBLEM
Purpose of these guidelines

The Clinical Practice Council of the Society for Vascu-
lar Surgery charged a writing committee with the task of
updating practice guidelines, initally published in 2003, for
surgeons and physicians who are involved in the preopera-
tive, operative, and postoperative care of patients with
abdominal aortic aneurysms (AAA).'! This document
provides recommendations for evaluating the patient,
including risk of aneurysm rupture and associated med-
ical co-morbidities, guidelines for selecting surgical
or endovascular intervention, intraoperative strategies,
perioperative care, long-term follow-up, and treatment
of late complications.

Decision making related to the care of patients with
AAA is complex. Aneurysms present with varying risks of
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rupture and patient specific factors influence anticipated
life expectancy, operative risk, and the need to intervene.
Careful attention to the choice of operative strategy, as
influenced by anatomic features of the AAA, along with
optimal treatment of medical co-morbidities is critical to
achieving excellent outcomes. Moreover, appropriate
postoperative patient surveillance and timely interven-
tion in the case of a late complication is necessary to
minimize subsequent aneurysm-related death or mor-
bidity. All of these clinical decisions are determined in an
environment where cost-effectiveness will ultimately dic-
tate the ability to provide optimal care to the largest
possible segment of the population. Currently available
clinical data sets have been reviewed in formulating these
recommendations. However, an important goal of this
document is to clearly identify those areas where further
clinical research is necessary.

Methodology and evidence

A comprehensive review of the available clinical evi-
dence in the literature was conducted in order to generate a
concise set of recommendations. The strength of any given
recommendation and the quality of evidence was scored
based on the GRADE system (Table I).> When the bene-
fits of an intervention outweighed its risks, or, alternatively,
risks outweighed benefits, a strong recommendation was
noted. However, if benefits and risks were less certain,
either because of low quality evidence or because high
quality evidence suggests benefits and risks are closely
balanced, a weak recommendation was recorded. The
quality of evidence that formed the basis of these recom-
mendations was scored as high, moderate, or low. Not all
randomized controlled trials are alike and limitations may
compromise the quality of their evidence. In addition, if
there is a large magnitude of effect, the quality of evidence
derived from observational studies may be high. Thus,
quality of evidence was scored as high when additional
research is considered very unlikely to change confidence in
the estimate of effect; moderate when further research is
likely to have an important impact in the estimate of effect;
or low when further research is very likely to change the
estimate of the effect.
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Table I. Criteria for strength of a recommendation and
grading quality of evidence
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Table II. Risk factors for aneurysm development,
expansion, and rupture

Strength of a recommendation

Strong
Benefits > Risks
Risks > Benefits

Weak
Benefits ~ Risks
Quality of evidence precludes accurate assessment of risks

and benefits

Grading quality of evidence
High
Additional research is considered very unlikely to change
confidence in the estimate of effect
Moderate
Further research is likely to have an important impact on in
the estimate of effect
Low
Further research is very likely to change the estimate of the
effect

Adapted from Guyatt G, Gutterman D, Baumann MH, Addrizzo-Harris D,
Hylek EM, Phillips B, et al. Grading strength of recommendations and
quality of evidence in clinical guidelines. Chest 2006;129:174-81.

GENERAL APPROACH TO THE PATIENT
History

The medical history is helpful in determining the pa-
tient’s risk of developing an AAA. Even in the absence of
clinical symptoms, knowledge of the risk factors for devel-
oping an AAA may facilitate early diagnosis. The Aneurysm
Detection and Management Veterans Aftairs Cooperative
Study Group (ADAM) trial found a number of factors to be
associated with increased risk for AAA: advanced age,
greater height, coronary artery disease (CAD), atheroscle-
rosis, high cholesterol levels, hypertension, and, in particu-
lar, smoking.? Indeed, aortic aneurysms occur almost ex-
clusively in the elderly. In a 2001 study, the mean age of
patients undergoing repair for AAA in the United States
was 72 years.*® Men outnumber women by a factor of 4 to
6 to 1.*® Family members are also at significant risk with
12% to 19% of those undergoing aneurysm repair having a
first-degree relative with an AAA.>*! In a recent nation-
wide survey conducted in Sweden, the relative risk of
developing AAA for first-degree relatives was approxi-
mately double that of persons without a family history of
AAA.*? Neither the gender of the index person nor the
first-degree relative influenced the risk of AAA. An AAA is
over seven times more likely to develop in a smoker than a
nonsmoker, with the duration of smoking, rather than total
number of cigarettes smoked, being the key variable (Table
11)."* The risk for developing an AAA is lower in women,
African Americans, and diabetic patients.

Risk factors for rupture have also been identified. The
United Kingdom Small Aneurysm trial (UKSAT) reported
103 aneurysm ruptures in 2,257 patients over a period of
seven years, with an annual rupture rate of 2.2%.'* Factors
significantly and independently associated with an in-
creased risk of rupture included female gender, large initial

Symptom Risk factors

Tobacco use

Hypercholesterolemia
Hypertension

Male gender

Family history (male predominance)

AAA development

AAA expansion Advanced age

Severe cardiac disease
Previous stroke
Tobacco use

Cardiac or renal transplant

AAA rupture Female gender

| FEV,

Larger initial AAA diameter

Higher mean blood pressure

Current tobacco use (length of time

smoking >> amount)

Cardiac or renal transplant

® Critical wall stress — wall strength
relationship

AAA, Abdominal aortic aneurysm.

aneurysm diameter, low forced expiratory volume in one
second (FEV1), current smoking history, and elevated
mean blood pressure.'* ¢ Women are two to four times
more likely to experience rupture than men.'**” Aneu-
rysms in transplant patients also appear to have high expan-
sion and rupture rates.'®

Prior surgical history is crucial to exclude certain disease
processes, such as appendicitis or cholecystitis, that may
mimic the presentation of a symptomatic aneurysm. In
addition, the nature and extent of previous abdominal
surgery may influence operative approach. When a pulsatile
abdominal mass is discovered in a patient who has previ-
ously undergone open surgical repair (OSR) of an AAA, the
presence of an anastomotic pseudoaneurysm,'? iliac artery
aneurysm,2° or suprarenal aortic aneurysm should be con-
sidered. Likewise, complaints of abdominal or back pain in a
patient with a prior history of endovascular aortic aneurym
repair (EVAR) requires the treating physician to exclude an
endoleak with attendant aneurysm expansion or rupture > 2*

Physical examination

An abdominal aortic aneurysm has been defined as “a
pulsating tumor that presents itself in the left hypochon-
driac or epigastric regions.”?® The abdominal aorta begins
at the level of the diaphragm and the 12th thoracic vertebra
and runs in the retroperitoneal space just anterior to and
slightly to the left of the spine. At approximately the level of
the umbilicus and the fourth lumbar vertebra, the aorta
bifurcates into the right and left common iliac arteries.

Unfortunately, only 30% to 40% of aneurysms are
noted on physical examination with detection dependant
on aneurysm size.?® Aneurysms greater than 5 cm are
detected in 76% of patients, whereas aneurysms between 3
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cm and 3.9 c¢m are identified in only 29%. As would be
anticipated, detection is limited by truncal obesity.>”~®
Although most abdominal aneurysms are supraumbilical, in
some patients, the aorta becomes more tortuous and elon-
gated with age and an aneurysm may appear to be infraum-
bilical or to one side of the abdomen. The common iliac
arteries may also become aneurysmal and palpable in one of
the lower abdominal quadrants. It bears emphasis that
palpation has not been reported to precipitate aortic rup-
ture. An abdominal aneurysm may be present in up to 85%
of patients with a femoral artery aneurysm and in up to 62%
of those with a popliteal aneurysm.??*® In contrast, pa-
tients with an abdominal aneurysm have a 14% incidence of
either a femoral or a popliteal artery aneurysm.>!

Physical examination should include an assessment of femoral and
popliteal arvteries in all patients with a suspected abdominal aortic
anenrysm.

Level of recommendation:
Quality of evidence:

Strong
High

Co-morbid disease

Coronary artery disease (CAD) is the leading cause of
early and late mortality after AAA repair.>* Chronic kidney
disease, chronic obstructive pulmonary disease (COPD),
and diabetes mellitus may also influence morbidity and
mortality. Accordingly, further evaluation is warranted and
optimization of perioperative status beneficial when any of
these conditions are present.

Cardiac disease

Preoperative evaluation of cavdiac movbidity. Several
studies have documented a lower incidence of perioperative
cardiac complications with EVAR than OSR. In review of a
statewide experience between 2000 and 2002, Anderson et
al reported a 3.3% incidence of cardiac complications for
EVAR as compared with 7.8% for OSR in 2002, which was
similar to the events rates in 2001 and 2000.3® Likewisc,
Schermerhorn et al®** identified a significantly lower inci-
dence of myocardial infarction (MI) among patients under-
going EVAR as compared with open repair in an analysis of
propensity-score-matched cohorts of Medicare beneficia-
ries treated between 2001 and 2004 (7% vs 9.4%, P <
.001). Similarly, in a small retrospective review of patients
with three or more cardiac risk factors undergoing EVAR
or OSR, the incidence of elevated troponin levels was
significantly lower among those treated by EVAR (13% vs.
47%, P = .001).>® However, not all studies have docu-
mented a reduction cardiac morbidity with EVAR. Nota-
bly, the incidence of cardiac complications was similar for
both EVAR (5.3%) and OSR (5.7%) in the Dutch Random-
ized Endovascular Aneurysm Management (DREAM)
trial.>® In summary, while elective open AAA repair can
generally be considered to carry a higher risk for a periop-
erative cardiovascular event, EVAR should be considered a
procedure that is associated with intermediate to high
cardiac risk in the range of 3% to 7%.
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Table ITI. Preoperative cardiac evaluation for patients
undergoing aneurysm repair

1. Is there an active cardiac
condition?

® Unstable coronary syndrome
® Unstable or severe angina
® Recent MI (<1 month)

® Deccompensated CHF

® Significant arrhythmias

® Secvere valvular disease

Presence cancels or delays
aneurysm repair until
conditions treated. Implement
medical management and
consider coronary angiography.

2. Does the patient have ® MET =4 (see Table IV)
good functional capacity

without symptoms? Clinical risk factors:

Mild angina pectoris

Prior MI

Compensated or prior CHF
Diabetes mellitus

Renal insufficiency

May proceed with aneurysm
repair. In patients with known
cardiovascular disease or at
least one clinical risk factor,
beta blockade is appropriate.

3. Is functional capacity ® MET <4 (sece Table IV)

poor or unknown? L
Clinical risk factors:

Mild angina pectoris

Prior MI

Compensated or prior CHF
Diabetes mellitus

Renal insufficiency

In patients with three or more
clinical risk factors, preoperative
non-invasive testing is
appropriate if it will change
management.

CHF, Congestive heart failure; MET, metabolic equivalent unit; MI, myo-
cardial infarction.

Adapted from Fleisher LA, Beckman JA, Brown KA, Calkins H, Chaikof E,
Fleischmann KE, et al. ACC/AHA 2007 Guidelines on perioperative car-
diovascular evaluation and care for noncardiac surgery: executive summary.
Circulation 2007;116:1971-96.

Regardless of the nature of repair, a substantial portion
of patients with AAA have underlying CAD and postoper-
ative MI carries with it a substantially increased risk of
death, as well as a high risk for later cardiovascular events
and death.37>3® Thus, it is critical to minimize the risk of
cardiac morbidity during the course of OSR or EVAR for
AAA. Guidelines, endorsed by the Society for Vascular
Surgery, have been recently updated for preoperative car-
diac evaluation of patients undergoing noncardiac vascular
surgery.>® Past guidelines have proven safe and effective in
reducing unnecessary resource utilization.***2

The first step, prior to planned aneurysm repair, is to
determine whether an active cardiac condition exists, such
as an unstable coronary syndrome (unstable or severe an-
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Table IV. Estimated energy required for various
activities

Activity level Examples of activity level

Poor (1-3 METs) Eating, walking at 2-3 miles per hour,
getting dressed, light housework

(washing dishes)

Moderate (4-7 METs) Climbing a flight of stairs or walking up
a hill, running a short distance, heavy
housework (scrubbing floors or

moving furniture)

Good (7-10 METs) Doubles tennis, calisthenics without

weights, golfing without cart

Excellent (>10 METs) Strenuous sports such as football,
basketball, singles tennis, karate,
jogging 10 minute mile or greater,
chopping wood

MET, Metabolic equivalent unit (1 MET = 3.5 mL * kg ™! * min~! oxygen
uptake).

Adapted from The Duke Activity Status Index (Hlatky MA, Boineau RE,
Higginbotham MB, Lee KL, Mark DB, Califf RM, et al. A brief self-
administered questionnaire to determine functional capacity (the Duke
Activity Status Index). Am ] Cardiol 1989;64:651-4. and Nelson CL,
Herndon JE, Mark DB, Pryor DB, Califf RM, Hlatky MA. Relation of
clinical and angiographic factors to functional capacity as measured by the
Duke Activity Status Index. Am J Cardiol 1991;68:973-5.).

gina, recent MI <one month), decompensated heart failure
(new onset, worsening, or New York Heart Association
[NYHA] Class IV), significant arrhythmia (atrioventricular
[AV] block, poorly controlled atrial fibrillation, new onset
ventricular tachycardia), or severe valvular heart disease
(symptomatic, aortic valve area < 1 cm? or pressure gradi-
ent >40 mm Hg) (Table IIT). These conditions represent
major clinical risks for postoperative MI or cardiovascular
related death and mandate intensive management prior to
aneurysm repair. In these cases, patients may be referred for
coronary angiography to assess further therapeutic options.
Depending on the results of the test and the risk of delaying
repair, it may be appropriate to proceed to planned surgical
or endovascular treatment with maximal medical therapy.
In the absence of an active cardiac condition, further
non-invasive testing is only indicated if it will change man-
agement. For an otherwise elective repair, both the pa-
tient’s functional capacity and the presence of clinical risk
factors will dictate the need for further testing. The func-
tional capacity can be estimated from a patient’s ability to
perform various activities (Table IV). Asymptomatic pa-
tients capable of a moderate or high activity level (meta-
bolic equivalent unit [MET] = 4), such as climbing stairs or
a short run, generally do not benefit from further testing.
Those who cannot achieve these levels of activity or in
whom activity level is unknown may benefit from non-
invasive stress testing, if additional clinical risk factors exist.
Lee et al*® have derived and validated a Revised Cardiac
Risk Index for stable patients, without an active cardiac
condition. Five independent clinical risk factors were iden-
tified including heart disease (history of MI, positive tread-
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mill test, use of nitroglycerin, angina, or electrocardiogram
[ECG] with abnormal Q waves); congestive heart failure
(history of heart failure, pulmonary edema, paroxysmal
nocturnal dyspnea, peripheral edema, bilateral rales, S3, or
chest radiograph with pulmonary vascular redistribution);
cerebral vascular disease (history of transient ischemic at-
tack or stroke); diabetes mellitus; and renal insufficiency
(creatinine > 2 mg/dL). The presence of an increasing
number of risk factors correlates with an increased risk of a
postoperative event and patients who display three or more
risk factors and have an unknown or low activity level (MET <
4) may benefit from stress testing, if it will change
management. Otherwise, all patients should undergo a
12-lead ECG within one month of planned repair. Trans-
thoracic echocardiography (TTE) may be of value in pa-
tients with dyspnea of unknown origin or worsening dys-
pnea and a history of heart failure, if TTE has not been
performed within the past year. However, it should be
noted that resting left ventricular function is not a consis-
tent predictor of postoperative MI or death.

Patients with active cardiac conditions (eg, unstable angina,
decompensated heart failure, severe valcular disease, significant
arrythmin) should be evaluated and treated per American College
of Cardiology (ACC)/American Heart Association (AHA)
guidelines before EVAR or OSR.

Level of recommendation:
Quality of evidence:

Strong
Moderate

Noninvasive stress testing should be considered for patients with a
history of three or move clinical visk factor factor (ie, coronary
artery disease [CADY], congestive heart failure [ CHF],
cerebrovascular accident [CVA], diabetes mellitus [DM], chronic
renal insufficiency [CRI]) and an unknown or poor functional
capacity (MET <4) who are undergoing aneurysm repair, if it will
change management.

Level of recommendation:
Quality of evidence:

Strong
Moderate

A preoperative vesting 12-lead ECG is recommended for all
patients undergoing endovascular or open aneurysm repair within
30 days of planned treatment.

Level of recommendation:
Quality of evidence:

Strong
High

Preoperative echocardiography is recommended for patients
undergoing aneurysm vepaiy with dyspnea or heart failure.

Level of recommendation:
Quality of evidence:

Strong
High

Routine coronary revascularization by coronary artery
bypass grafting (CABG) or percutaneous transluminal cor-
onary angioplasty (PTCA) prior to elective vascular surgery
in patients with stable cardiac symptoms does not appear to
significantly alter the risk of postoperative MI or death or
long-term outcome. In the Coronary Artery Revasculariza-
tion Prophylaxis (CARP) trial, 510 patients with significant
coronary artery stenosis scheduled for vascular operations
were randomized to PTCA or CABG or no coronary
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revascularization before surgery.** Patients with left main
disease, severe aortic stenosis, or an ejection fraction of less
than 0.20 were excluded. Both short-term risk and long-term
outcome were not changed by coronary intervention. Similar
findings have been reported by other randomized stud-
ies.*>*¢ Patients with stable cardiac disease and established
risk factors remain at risk, whether or not coronary revascular-
ization is performed. Nonetheless, it bears emphasis that cor-
onary revascularization is indicated for those patients with
acute ST elevation MI, unstable angina, or stable angina with
left main coronary artery or three-vessel discase, as well as
those patients with two-vessel disease that includes the proxi-
mal left anterior descending artery, and either ischemia on
non-invasive testing or an ejection fraction of less than 0.50.

In summary, percutaneous or surgical intervention for
coronary artery disease prior to aortic surgery should be con-
sistent with established guidelines.*” If a patient requires
PTCA, it may be reasonable for patients to wait at least two
weeks and, preferably, four to six weeks after PTCA before
undergoing aneurysm repair.>® If a drug eluting stent is uti-
lized, it may be reasonable to defer surgery for 12 months if
rupture risk is not high. If this is not possible, EVAR is
preferred as thienopyridine therapy can be continued during
the perioperative period. If OSR is required, the thienopyri-
dine should be discontinued 10 days preoperatively, aspirin
continued, and the thienopyridine restarted as soon as possi-
ble after surgery.*® Simultaneous aneurysm repair and CABG
has been evaluated, and there are some data to support its use
in select symptomatic patients with critical CAD.*%->°

Coronary vevascularization is recommended prior to aneurysm
repair in patients with acute ST elevation M1, unstable angina, or
stable angina with left main coronary arvtery or three-vessel disease.

Level of recommendation:
Quality of evidence:

Strong
High

Coronary revascularization is vecommended prior to aneurysm vepair
in patients with stable angina with two-vessel disease that includes the
proximal left anterior descending artery, and either ischemia on non-
invasive testing or an ejection fraction of less than 0.5.

Level of recommendation:
Quality of evidence:

Strong
High

In patients who may need AAA vepair in the subsequent 12 months
and in whom covonary revascularization with percutaneous coronary
intervention (PCI) is appropriate, a strategy of balloon angioplasty or
bave-metal stent placement followed by four to six weeks of dunl-
antiplatelet therapy is suggested.

Weak
Moderate

Level of recommendation:
Quality of evidence:

1t is suggested to defer elective open AAA repair for four to six
weeks after bave-metal coronary stent implantation or coronary
artery bypass grafting ov for 12 months after drug-eluting covonary
stent implantation, if rupturve visk is not high.

Level of recommendation: Weak
Quality of evidence: Low
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In patients who have veceived drug-eluting coronary stents and who
must undergo open AAA repair, it is suggested to discontinue
thienopyridine therapy 10 days preoperatively, continue aspirin,
and restart the thienopyridine as soon as possible after surgery.

Level of recommendation: Weak
Quality of evidence: Low

Pervioperative medical management of covonary ar-
tery disease. Although animal studies have suggested that
beta blockade protects against aneurysm expansion and
rupture, the evidence in clinical trials has generally not
supported this view.>!">® However, in patients with known
cardiovascular disease or at least one clinical risk factor,
perioperative heart rate control with beta blockade appears
appropriate. Several randomized, controlled trials have
demonstrated that perioperative beta blockade in high-risk
patients reduce cardiac morbidity and death.>”®° Beta
blockers should be started days to weeks before elective
surgery and accumulating evidence suggests that heart rate
control less than 65 beats per minute should be targe-
ted.*>°% Additionally, data suggest that long-acting beta
blockade may be superior to short-acting beta blockade.®!

Recent clinical data also supports the notion that st-
atins,®** alpha-2 agonists for perioperative control of hyper-
tension,®>**® and calcium channel blockers®” reduce periop-
erative cardiac morbidity and death. Aspirin is beneficial in
reducing risks associated with CAD®® and most surgeons
continue aspirin during the perioperative period.®® Coumadin
should be discontinued five to seven days prior to abdominal
aortic aneurysm repair. Use of either intravenous heparin or
low molecular weight heparin to bridge patients undergoing a
major aortic operation has been reviewed elsewhere.”%”!

Beta blockers should be continuedin patients undergoing aneurysm
surgery who ave curvently veceiving beta blockers to treat angina,
symptomatic arvhythmias, or hypertension.

Level of recommendation:
Quality of evidence:

Strong
High

Beta blockade is recommended for patients undergoing aneurysm
repaiy in whom preoperative assessment identifies CAD or who are
at bigh cardiac risk due to the presence of one or more clinical risk
factors (i.e. CAD, CHF, CVA, DM, CRI).

Level of recommendation:
Quality of evidence:

Strong
Moderate

Pulmonary disease. Between 7% and 11% of patients
with chronic obstructive pulmonary disease (COPD) have
an aneurysm.'* In a study of 4,404 men between 65 and 73
years of age, the prevalence of aortic aneurysms was 4.2%,
but increased to 7.7% among men with COPD.”? Although
an accelerated rate of aneurysm expansion has been ob-
served in patients treated with corticosteroids, the associa-
tion between aneurysm and COPD has been largely attrib-
uted to accelerated elastin degradation caused by tobacco
use. Indeed, smoking remains the most significant risk
factor for aneurysm formation and has been implicated in
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ancurysm development, expansion, and rup-
ture.”® Current smokers are over seven times more likely to
have an aneurysm than nonsmokers with the duration of
smoking being the most important variable.'® Each year of
smoking increases the relative risk of developing an aneu-
rysm by 4%. After cessation of smoking, there is a slow
decline in the risk of aneurysm occurrence.

Several studies have reported that COPD is an inde-
pendent predictor of operative mortality after AAA re-
pair.*”%77 However, a study of Veterans Administration
patients found no significant correlation between the pres-
ence of COPD and increased operative mortality, though
morbidity was notably higher.”® Upchurch et al”® have also
demonstrated that abnormal preoperative pulmonary func-
tion tests and arterial blood gas values were not predictive
of'a poor outcome after aneurysm repair. However, failure
to optimize COPD management was associated with in-
creased morbidity and mortality.

Given these considerations, room air arterial blood gases
and pulmonary function tests should be considered to assess
the extent of COPD. If COPD is severe, formal pulmonary
consultation is recommended for prediction of short- and
long-term prognosis and optimization of medical therapy. In
general, smoking cessation for at least two weeks prior to
aneurysm repair can be beneficial and administration of pul-
monary bronchodilators for at least two weeks prior to aneu-
rysm repair is recommended for patients with a history of
symptomatic COPD or abnormal pulmonary function stud-
ies. Finally, the diagnosis of an aneurysm can be a strong
motivator for smoking cessation.®® Numerous studies and
several Cochrane reviews have assessed the efficacy of smoking
cessation strategies. Nicotine replacement,®! nortriptyline and
bupropion,®? and the combination of in-patient counseling
coupled with at least one month of outpatient follow-up have
proven beneficial for smoking cessation.®°

Preoperative pulmonary function studies, including room air
arterial blood gases, ave suggested for patients with a bistory of
symptomatic COPD, long-standing tobacco use, or inability to
climb one flight of stairs.

Level of recommendation: Weak
Quality of evidence: Low

Smoking cessation for at least two weeks prior to aneurysm repair
can be beneficial.

Level of recommendation: Strong
Quality of evidence: Low

Administration of pulmonary bronchodilators for at least two weeks
priov to anenrysm repair is vecommended for patients with a history
of symptomatic COPD or abnormal pulmonary function studies.

Level of recommendation: Strong
Quality of evidence: Low

Renal impairment. Preoperative renal insufficiency is
known to be a risk factor for a poor outcome after aneurysm
repair’®”%7? and should be evaluated and, if possible,

Chaikof et al 7S

corrected. In a review of 8,125 intact abdominal aneurysm
repairs in the state of Michigan, the presence of renal failure
was associated with a 41% mortality as compared with 6%
for those patients without significant renal disease.®® Like-
wise, severe renal dysfunction (creatinine > 2.5 mg/dL)
lead to increased mortality and morbidity among 342 pa-
tients undergoing EVAR with increased length of stay,
intensive care unit (ICU) admission, and congestive heart
failure.®* A recent review has also observed that while many
patients with renal insufficiency will have only a transient
deterioration in renal function, mortality and morbidity,
including the need for more intensive postoperative organ
system support, appear to be increased.®®

Surprisingly, there is little data regarding the specifics of
management in patients undergoing AAA repair with
chronic renal insufficiency (CRI) and whether management
should be guided by serum creatinine, creatinine clearance,
or glomerular filtration rate. In the perioperative period,
relative or absolute changes in blood volume can cause
renal injury. Thus, preoperative hydration is recommended
to ensure ecuvolemia, especially for those patients with renal
insufficiency. However, the optimal type, route, volume,
and timing of hydration are not well defined. Likewise,
given the ability of angiotensin-converting enzyme inhibi-
tors and angiotensin receptor antagonists to induce efferent
arteriole vasodilatation, these medications should be held
the morning of surgery and restarted only after the patient
is euvolemic.8¢%® Although administration of antioxidants,
such as mannitol, during OSR has been advocated as reno-
protective agents, a recent meta-analysis did not identify a
significant benefit with mannitol use alone.®* However, a
small, prospective randomized trial has suggested that peri-
operative administration of multiple antioxidants (allopuri-
nol, vitamin E, ascorbic acid, N-acetylcysteine, and manni-
tol) may lead to a beneficial increase in creatinine clearance
after OSR.”® Fenoldopam mesylate, a dopamine-1 receptor
agonist, has also been studied as a renoprotective agent in
both surgical and critically ill patients at risk for acute renal
insufficiency. A recent meta-analysis of 16 randomized
studies found that fenoldopam reduced the risk of acute
kidney injury, renal replacement therapy, and in-hospital
death.®! Many of the beneficial trials administered fenoldo-
pam at ~0.1 pg/kg/min beginning at the initiation of
surgery. Gilbert et al®? and Halpenny et al®? have noted a
renoprotective effect during and after infrarenal aortic
cross-clamping among patients with normal or mild renal
dysfunction.

Contrast-induced nephropathy (CIN) has been de-
fined as a 25% elevation in serum creatinine or an abso-
lute increase of 0.5 mg/dL (44 pmol/L) occurring two
to seven days after contrast administration. Patients with
a history of renal disease, diabetes, CHF, ejection frac-
tion (EF) <40%, hypertension, anemia, advanced age,
proteinuria, renal surgery, and gout are at increased risk
for CIN. Multiple investigations and meta-analyses have
sought to determine if prophylactic intravenous hydra-
tion, N-acetylcysteine (Mucomyst), or other agents can
reduce the risk of CIN. Pre- and post procedure hydra-
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tion with normal saline or sodium bicarbonate, to alka-
linize renal tubular fluid and minimize tubular damage,
appears to be beneficial.”* However, whether all patients
benefit equally from this treatment, as well as the optimal
type, route, volume, and timing of hydration are not well
defined. Fenoldapam, dopamine, theophylline, or cal-
cium channel blockers do not appear to be beneficial in
preventing CIN. The benefit of N-acetylcysteine in re-
ducing CIN remains uncertain®® and in a recent trial did
not reduce CIN in patients undergoing EVAR.”® None-
theless, its use continues to be advocated for patients at
increased risk of CIN.

Contrast agents with an osmolality of greater than 780
mOsm/kg display increased nephrotoxicity. Additional ne-
phroprotection through further reduction in radiocontrast
osmolality was suggested by a study comparing iohexol
(Omnipaque, a low-osmolar agent; 600-800 mOsm/kg)
with iodixanol (Visipaque, an iso-osmolar agent; 290
mOsm/kg).®” However, the rates of CIN for iopamidol
(Isovue-370, 796 mOsm/kg, non-ionic) are similar to
iodixanol, which suggests that other physiochemical prop-
erties, apart from omolarity, are important determinants of
CIN.”® Likewise, several randomized trials of ionic and
nonionic contrast agents have demonstrated no difference
in CIN.”®

In summary, patients at increased risk for CIN should
receive intravenous hydration prior to (normal saline 1
ml/kg/h for six to 12 hours or D5W /sodium bicarbonate
154 meq/L, 3 mL /kg for one hour) and after (normal saline
1 ml/kg/h for six to 12 hours or D5W /sodium bicarbonate
154 meq/L, 1 mL/kg for six hours) EVAR. Fluid overload
and metabolic alkalosis should be monitored. Periprocedural
N-acetylcysteine and ascorbic acid may be of benefit.”® Mini-
mizing the volume of low-osmolar or iso-osmolar contrast
agents administered during EVAR is recommended. Use of
CO2 gas, as an alternate imaging agent may be considered.””
Gadolinium-based contrast agents carry an increased risk of
nephrogenic systemic fibrosis among patients with severe re-
nal insufficiency.

Angiotensin-converting enzyme inhibitors and angiotensin receptor
antagonists should be held the morning of surgery and restarted
after the patient is euvolemic.

Level of recommendation:
Quality of evidence:

Strong
Moderate

Preoperative hydration is recommended for patients with renal
insufficiency priov to aneurysm repair.

Level of recommendation:
Quality of evidence:

Strong
Moderate

Intraoperative diuresis using fuorosemide or mannitol is probably
not beneficial in veducing the visk of postoperative renal
insufficiency after aneuvysm repair.

Level of recommendation:
Quality of evidence:

Strong
High
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Pre- and post procedure hydration with normal saline or 5%
dextrose/sodium bicarbonate is vecommended for patients nt
increased risk of contrast induced nephropathy.

Level of recommendation:
Quality of evidence:

Strong
Moderate

Diabetes mellitus. Whether diabetes mellitus is truly
an independent risk factor for morbidity or mortality after
aortic surgery is controversial. Several small studies have
shown that the risk of perioperative complications, but not
death, is greater among diabetic patients.'®°'%% A recent
report demonstrated that diabetes did increase the risk of
death and cardiovascular complications in Veterans Admin-
istration patients undergoing major vascular proce-
dures.’®* However, subgroup analysis failed to demon-
strate that diabetic patients undergoing OSR were at
increased risk. In contrast, Leurs et al'®* investigated the
influence of diabetes on outcome after EVAR among 6,017
patients enrolled in the European Collaborators on Stent
Graft Techniques for Abdominal Aortic Aneurysm Repair
(EUROSTAR) registry, of whom 731 (12%) had diabetes.
A significantly higher risk of device-related complications
was observed in diabetic patients (8% vs 6%, P < .049; odds
ratio [OR]: 1.35). Likewise, carly mortality was signifi-
cantly higher in the diabetic population (13% vs 10%, P <
.039; OR: 1.27). Insulin-controlled type 2 diabetic patients
had significantly lower rates of endoleaks and secondary
interventions than diet-controlled type 2 diabetics and
nondiabetic patients. Survival at 48 months was similar
among diabetic and non-diabetic patients. In summary,
diabetes likely identifies patients with a variety of co-
morbidities that increase the risk of morbidity and mortal-
ity. Nonetheless, conventional glucose control during the
perioperative period, with a target of 180 mg or less per
deciliter (< 10.0 mmol /L), is reccommended.

Hematologic disorders. Elevated levels of homocys-
teine (OR: 7.8; P<.0001), plasminogen activator inhibitor-1
(PAI-1) (OR: 3.2; P < .0001), and lipoprotein (a) (OR:
2.4; P < .0001) have been observed among patients with
aortic aneurysms when compared to age and gender
matched controls.*°® The role of these factors in aneurysm
formation is unknown and the benefit of treatment in
reducing aneurysm expansion uncertain. Anticardiolipin
antibodies (ACA), MTHFR C677T polymorphism, pro-
thrombin gene G20210A variant, and Factor V Leiden
mutation have not been found more frequently in patients
presenting with aortic aneurysms.

A number of studies have documented that even in the
elective setting, anemia or a low hemoglobin level is asso-
ciated with increased mortality following open AAA re-
pair.”?-1%¢ Ho and colleagues'®® documented that a hemo-
globin level of less than 10.5 g/dL was an independent
determinant of blood loss. A hematocrit less than 28% has
also been associated with an increased incidence of postop-
erative MI in patients undergoing vascular surgery.'®”
Therefore, we recommend perioperative blood transfusion
if the preoperative hematocrit is less than 28%.
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Standard surgical dogma suggests that an operation
should not be performed unless the platelet count is greater
than 20,000 to 40,000 platelets /L. While the question of
what platelet count specifically is too low to perform elec-
tive AAA repair and the impact this might have on mortality
has not been addressed directly, it is recognized that the
presence of an AAA does impact both platelet count as well
as platelet function. In a prospective study comparing 105
patients with AAAs with 32 patients with symptomatic
carotid disease, Milne and coauthors documented that a
combination of a low platelet count and high glycocalicin
levels suggests that there is increased platelet destruction in
patients with AAAs, most likely due to activation within the
aneurysm sac.'®® While not specifically addressing the
impact on mortality, Ho and others did documentin 129
patients undergoing elective AAA repair that a platelet
count of 130,000 platelets/nL or less was associated
with increased risk of bleeding.'®® In addition, it is well
recognized that following aortic clamping, platelet se-
questration and thrombocytopenia occur in the early
postoperative period. Patients subsequently develop hy-
perfibrinogenaemia and thrombocytosis, which may per-
sist for several weeks.'®® Finally, Matsumura and col-
leagues suggested that a lower preoperative platelet
count was an independent predictor of two-year mortal-
ity among patients undergoing OSR and EVAR (P =
.012).19 Thus, further hematologic assessment is rec-
ommended if the preoperative platelet count is less than
130,000 platelets /L.

Perioperative blood transfusion is recommended if the preoperative
hematocrit is <28%.

Level of recommendation: Weak

Quality of evidence: Low

Further hematologic assessment is vecommended if the preoperative
platelet count is less than 130,000 platelets/jn L.

Level of recommendation: Weak
Quality of evidence: Low

Circulating biomarkers for the presence and pro-
gression of aortic aneurysms. The identification of cir-
culating biomarkers that indicate the presence or en-
largement of AAA remains an area of active investigation.
Such markers may assist in identifying new targets for
pharmacotherapy and could be used for both diagnosis
and monitoring response to therapy. Among a large
number of biomarkers evaluated to date, fibrinogen,
D-dimer, and IL-6 have been consistently associated
with the presence of AAA in multiple cross-sectional case
controlled studies.''* However, none of these biomark-
ers have appropriate sensitivity or specificity to be used as
a diagnostic test. A reliable marker of AAA progression
has yet to be identified.

Genetic markers identifying risk of aortic aneu-
rysm. Genetic abnormalities associated with AAA, in-
clude Ehlers-Danlos type IV (COL3Al), an autosomal
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dominant defect in the type-111 collagen synthesis.**? Of
interest, while mutations in the type I collagen, alpha I
(COL1AL1) gene leads to osteogenesis imperfecta there is
no evidence indicating these mutations nor those of the
elastin gene are responsible for AAA.**® Marfan syn-
drome is autosomal dominant disorder with variable
penetrance caused by mutations in the fibrillin 1. The
most common vascular complication includes aneurys-
mal degeneration and dissection of the ascending aorta.
While arteriomegaly is common, isolated AAA that is
unrelated to a prior aortic dissection, is uncommonly
associated with Marfan syndrome.''?® Definitive data is
lacking regarding the contribution of genetic mutations
of other structural components of the connective tissue
or genetically related alterations in post-translational
protein modification, protein metabolism, or proteases
and their inhibitors to familial AAA.

In a related area, population screening for single nucle-
otide polymorphisms (SNPs) to identify patients at risk for
AAA have generated conflicting results. Although a num-
ber of genetic variants have been identified, few, if any, of
these findings have been reproduced in more than one
independent research group. A recent large study has
suggested that a common sequence variant on 9p21,
rs10757278-G, is associated with a 31% increased risk of
abdominal aortic aneurysm.''* Genome wide screening
may serve to identify additional genetic markers for disease,
which may further assist in targeting early ultrasound
screening for populations at greatest risk.

Aneurysm imaging

Modalities for aneurysm imaging. Among asymp-
tomatic patients, ultrasound detects the presence of an
abdominal aortic aneurysm accurately, reproducibly, and at
low cost. Sensitivity and specificity approach 100%, but in
1% to 3% of patients, the aorta cannot be visualized due to
bowel gas or obesity.''%-11¢ Ultrasound is ideal for screen-
ing,"!” but is imprecise in measuring aneurysm size,'**12°
which is an important component of prognosis'?! and in
the determination of aneurysm growth rate.'*> A growth
rate of > 0.7 cm per six months or 1 cm per year has been
suggested as a threshold for proceeding to surgery irrespec-
tive of aneurysm size.®''2312* However, it should be
noted that the presumption that growth rate influences
rupture risk independent of aneurysm size has not been
confirmed by population based studies.*?®

CT is more reproducible than ultrasound, with more
than 90% of re-measurements within 2 mm of the initial
reading.'?® However, aneurysms measured by standard
axial CT imaging are generally more than 2 mm larger in
diameter than those measured by ultrasound. This likely
reflects that the cross-section of the aorta obtained by
axial CT imaging is not in the transverse plane and
presumably yields an overestimate of aneurysm size.
Overall, the advantages of portability and decreased
expense have made ultrasound the preferred diagnostic
technique for both ancurysm screening and surveil-
lance.?¢7 128 Nevertheless, CT imaging remains the pri-
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mary modality for operative planning, given the capacity
of this technique to determine the extent and morphol-
ogy of the aneurysm, as well as the presence of accessory
or anomalous renal arteries and coexistent occlusive
disease. It bears noting that plain abdominal films and
aortography have low sensitivity in the detection of AAA.
In the latter instance, the amount of aortic dilatation may
be obscured by the presence of thrombus.

Ultrasound is readily available in most emergency
departments and used with increasing facility by the
emergency physicians to exclude a variety of causes of
abdominal pain including urinary retention, pancreatitis,
cholecystitis, and hydronephrosis, among other disor-
ders. Several studies have reported high sensitivity (94%
to 100%) and specificity (98% to 100%) in detecting
non-ruptured aneurysms by ultrasound.'??*3° How-
ever, significant portions of the aorta may not be visual-
ized in non-fasted patients and aortic rupture is not easily
detected and up to half of aneurysm ruptures may be
missed.'?®131 CT imaging for detection of symptomatic
AAA has been found to have a sensitivity and specificity
of 90% and 91%, respectively.'** However, in a study of
653 patients with suspected AAA rupture, CT imaging
had a sensitivity of 79% and a specificity of 77%. Only
40% of CT scans were performed with contrast, which
presumably contributed to the diminished sensitivity and
specificity noted in this report.'*?

Image derived criteria to predict risk of AAA rup-
ture. The maximum AAA diameter remains the most
widespread criterion to predict risk of AAA rupture. The
adoption of maximum diameter as a measure of rupture
risk was based, in part, on a retrospective review by
Darling et al'®* of 24,000 consecutive, non-specific au-
topsies performed over a 23-year period, which identi-
fied 473 non-resected AAA, of which 118 were ruptured.
Approximately 40% of AAA greater than 5 cm in diame-
ter ruptured. Nonetheless, this same report highlights
the limitation of aneurysm diameter as a predictor of
rupture risk since 40% of AAA between 7 cm and 10 cm
had not ruptured, while nearly 13% of patients with
aneurysms smaller than 5 c¢m had ruptured. Thus, a
variety of alternate parameters have been proposed as
more sensitve predictors of rupture risk including AAA
expansion rate!®123:13%:136 ihcrease in  intraluminal
thrombus thickness,'3” wall stiffness,'*® wall tension,'**
and peak AAA wall stress.!*01%2

Most recent reports have emphasized the potential
significance of aortic wall stress as a predictor of AAA
rupture. Hall et al'3® suggested that a critical aortic wall
stress exists above which rupture is imminent and that
this stress can be predicted by the Law of Laplace and
maximum AAA diameter. However, others'*° 1% have
demonstrated that stresses are highly dependent on AAA
shape and cannot be adequately described by the Law of
Laplace. Using patient-specific finite element (FE) sim-
ulations, Fillinger et al'*®*! have observed that peak
wall stress for ruptured or symptomatic AAA were signif-
icantly greater than those electively repaired (46.8 * 4.5
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Table V. Prevalence of small and medium AAAs among
73,451 US military veterans between 50 to 79 years’

AAA=3cm  AAA =4em

Race Gender — Smoking status (%) (%)
White  Male Smoker 5.9 1.9
Nonsmoker 19 0.4
White  Female Smoker 1.9 0.3
Nonsmoker 0.6 0
Black  Male Smoker 3.2 0.8
Nonsmoker 1.4 0.1

Adapted from Table II in Lederle FA, Johnson GR, Wilson SE, Chute EP,
Littooy FN, Bandyk D, et al. Prevalence and associations of abdominal aortic
aneurysm detected through screening. Aneurysm Detection and Manage-
ment (ADAM) Veterans Affairs Cooperative Study Group. Ann Intern Med
1997;126:441-9.

TThe prevalence of AAAs among black females was not reported.

N/cm? vs 38.1 += 1.3 N/cm?).'*? Recently, Klein-
streuer and Li'*® have proposed a patient-specific “se-
verity parameter’’ to estimate the risk of AAA rupture.
This time-dependent parameter incorporates features of
AAA geometry including size, shape, expansion rate, and
thrombus, as well as diastolic pressure, peak AAA wall
stress, and stiffness change. As an enlarging AAA is
accompanied both by an increase in wall stress and a
decrease in wall strength, recent efforts have also been
directed to accurately map the pointwise distribution of
AAA wall stress and strength as a more accurate determi-
nant of rupture risk.**” Further validation of these tools
will be required before they can be applied with confi-
dence in clinical practice.

Recommendations for aneurysm screening. Aneu-
rysm screening efforts have been motivated by a desire to
reduce AAA-related mortality and to prolong life expect-
ancy. The incidence of AAA is less than one per 1000 for
those adults younger than 60 years, peaks to approximately
seven per 1000 among those in their mid 60s, and then
decreases and remains at approximately three per 1000. Itis
estimated that 5% to 10% of older adult men have an AAA,
but the majority of AAAs are small.**® The prevalence of
AAA is approximately six times lower in women than in
men.'** Overall, the probability of AAA in the general
population is very low but, as noted earlier, is increased
when certain risk factors are present. These include increas-
ing age, male gender, white race, smoking, family history,
history of other vascular aneurysms, hypertension, athero-
sclerotic diseases, including coronary artery, peripheral ar-
terial, and cerebrovascular disease, and hypercholesterol-
emia.®!-!%01%% The largest AAA screening program in the
United States was conducted in asymptomatic veterans
between 50 and 79 years old."®® The prevalence of AAA in
the most important risk groups is summarized in Table V.
Two-thirds of aneurysms detected by ultrasound were
found to be <4.0 cm. Of note, the prevalence of AAA is
much higher among patients in the health care setting than
in the general population. In one study, 9% of men aged 60
to 75 years with hypertension or coronary artery disease had
an AAA >3.5 cm.?®
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Four randomized clinical trials that included 127,891
men and 9,342 women between the ages of 65 and 79 years
have provided evidence that ultrasound screening is effective
in reducing AAA-related mortality, but not all-cause mort-
ality,1#9-16916% A recent follow-up report of the MASS study
confirms that mortality benefits are maintained at seven years
and cost-effectivness is well below accepted thresholds for
interventions. Significantly, a trend toward a reduction in
all-cause mortality was observed.'®® Screening of AAA in
women has been more controversial. Given the small number
of women among these four trials, a significant decrease in
mortality from AAA (OR: 1.99; 95% confidence interval [ CI]
0.36 to 10.88) or incidence of rupture (OR: 1.49; 95% CI
0.25 to 8.94) in women could not be identified.'®® However,
others have claimed that screening of women for AAA is
cost-effective.’®” Although the prevalence of AAA in women
is lower than in men, rupture rate and life expectancy are
higher. Studies have demonstrated that re-screening patients
for AAA yields very few positive results, which suggests that a
single ultrasound scan would be sufficient to screen patients
65 years of age or older.'%-1¢°

Despite these data, the availability of limited health
care resources has motivated efforts to identify risk fac-
tors to be used in selective screening of high-risk groups.
For example, a Canadian hospital-based case-control
study found that if AAA risk was based on age, smoking,
blood pressure, body mass index, history of heart disease,
and serum high-density lipoprotein, 80% of AAA cases
could be identified by studying 17% of patients.'”° Like-
wise, Akkersdijk et al have suggested that use of a risk
factor score could identity 94% of men with AAA by
screening approximately half of the male population.'”?
Others have concluded, however, that while selective
screening is feasible, approximately 25% of clinically
significant AAAs may be missed.'”?

We recommend one-time ultrasound screening for
AAA for all men at or older than age 65, or as early as age 55
for those with a family history of AAA. Ultrasound screen-
ing should be performed for women at or older than age 65
who have smoked or have a family history. This is in
contrast to the US Preventive Services Task Force rec-
ommendation for one-time screening by ultrasonogra-
phy for men aged 65 to 75, if a history of smoking
exists.'”317* Currently, Medicare offers an ultrasound
screening benefit to men who have smoked at least 100
cigarettes during their life, and men and women with a
family history of AAA as part of their Welcome to Medi-
care Physical Exam. This benefit became law on February
8, 2006, as the Screening Abdominal Aortic Aneurysms
Very Efficiently (SAAAVE) Act.

One-time ultrasound scveening for AAA is recommended for all
men at or older than 65 years. Screening men as early as 55 years is
appropriate for those with a family bistory of AAA.

Level of recommendation: Strong
Quality of evidence: High
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One-time ultrasound scveening for AAA is recommended for all
women at or older than 65 years with a famaily history of AAA or
who have smoked.

Level of recommendation:
Quality of evidence:

Strong
Moderate

Re-screening patients for AAA is not vecommended if an initial
ultrasound scan performed on patients 65 years of age or older
demonstrates an aortic diameter of <2.6 cm.

Level of recommendation:
Quality of evidence:

Strong
Moderate

Recommendations for aneurysm surveillance. The
optimal frequency surveillance of AAA has not been defined
by randomized clinical study. Some authors have suggested
that there is no need to follow aneurysms less than 3 cm in
diameter given their low risk of rupture.'®*"'”® However,
McCarthy et al'”® determined in a 12 year analysis of 1121
small aneurysms in 65 year-old men that 13.8% of aortas
with an initial aortic diameter of 2.6 to 2.9 cm exceeded 5.5
cm at 10 years. Among patients with an aortic diameter
between 3.0 and 3.4 cm, 2.1% had reached 5.5 cm at three
years and of those with a diameter between 3.5 and 3.9 cm,
within two years 10.5% exceeded 5.5 ¢cm or required sur-
gery and 1.4% had ruptured.

Two randomized controlled trials, the UK Small Aneu-
rysm Trial'”” and the US-based Aneurysm Detection and
Management (ADAM) Trial,? as well as a follow-up study
of patients detected in the UK Multicenter Aneurysm
Screening Study (MASS)'“! demonstrated that a policy of
surveillance until aneurysm diameter exceeds 5.5 cm was
safe and associated with a very low rate of rupture (~1%/
year). While AAA size was defined by the maximum exter-
nal aortic diameter in all trials, the surveillance frequency
differed among these studies. The MASS trial scanned
patients with diameters between 4.5 and 5.0 cm at three-
month intervals, whereas the UK Small Aneurysm Trial
used six-month intervals for these patients. Patients in the
ADAM study with AAA diameter of 5.0 to 5.5 cm were
rescreened every six months, compared with every three
months in the UK. In an analysis of expansion rates among
1743 patients over a mean interval of 1.9 years, Brady et
al'”® noted that AAA growth rate increased with aneurysm
size and among current smokers, was lower in those with
low ankle-brachial index and diabetes, and unaffected by
lipids and blood pressure. The authors estimated that for a
patient with a 4.5 cm AAA, the risk of enlargement to 5.5
cm was less 1% during a 12-month interval.

In summary, we recommend follow-up surveillance
imaging at 12-month intervals for patients with an AAA of
3.5 to 4.4 cm in diamater. Surveillance imaging at six-
month intervals is recommended for those patients with an
AAA diameter between 4.5 and 5.4 cm. For otherwise
healthy patients, follow-up imaging is recommended at
three years for those between 3.0 and 3.4 cm in diameter
and at five years for aneurysms between 2.6 and 2.9 cm. It
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bears noting that these recommendations are based upon
maximum external aortic diameter.

Surveillance imaging ar 12-month intervals is recommended for
patients with an AAA of 3.5 to 4.4 cm in maximum diameter.

Level of recommendation: Strong
Quality of evidence: Low

Surveillance imaging at six-month intervals is recommended for
those patients with an AAA between 4.5 and 5.4 cm in maximum
diameter.

Level of recommendation: Strong

Quality of evidence: Low

Follow-up imaging at three years is recommended for those patients
with an AAA between 3.0 and 3.4 cm in maximum diameter.
Level of recommendation: Strong

Quality of evidence: Low

Follow-up imaging at five-year intervals is vecommended for patients

whose maximum aortic dinmeter is between 2.6 and 2.9 cm.

Level of recommendation: Weak
Quality of evidence: Low

Recommendations for imaging patients with a symp-
tomatic aneurysm. In patients with abdominal or back pain,
we recommend ultrasound imaging to determine if an AAA is
present and to identify other causes of abdominal pain or back
pain. If an aneurysm is detected, the patient should have a CT
scan to exclude rupture and be referred to a vascular surgeon.
In order to avoid delay, a CT scan is the preferred initial test in
patients with recent or severe symptoms or a pulsatile epigas-
tric mass or significant risk factors for AAA. If AAA rupture is
suspected and the patient is hemodynamically stable, an emer-
gency CT scan with contrast may be considered for preoper-
ative planning during the mobilization of the surgical team.

A CT scan is recommended to evaluate patients that present with
recent onset of abdominal or back pain, pavticularly in the presence
of a pulsatile epigastric mass or significant visk factors for AAA.

Level of recommendation:
Quality of evidence:

Strong
Moderate

TREATMENT OF THE PATIENT WITH AN AAA
The decision to treat

Patients that present with an AAA and abdominal or
back pain, even of an atypical nature, are at increased risk of
rupture and intervention is recommended. Should aneu-
rysm rupture occur, more than half of patients die prior to
hospitalization. Of those who reach the operating suite, the
outcome is dependent on the presenting clinical condition,
but typically carries a mortality of approximately 50%. For
those who present with an asymptomatic AAA, manage-
ment is dependant on the size of the aneurysm.

There is general agreement that small fusiform aneurysms,
less than 4.0 cm maximum diameter, are at low risk of rupture
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and should be monitored and a fusiform aneurysm greater
than 5.4 cm in maximum diameter should be repaired in a
healthy patient. Elective repair is also reasonable for patients
that present with a sacular aneurysm. Debate remains for
patients presenting with AAAs between 4.0 cm and 5.4 cm
regarding the most appropriate role for either immediate
treatment or surveillance and selective repair for those aneu-
rysms that subsequently enlarge beyond 5.4 cm. In both the
United Kingdom Small Aneurysm Trial (UKSAT)'”® and
Aneurysm Detection and Management (ADAM) Trial,*®° the
30-day operative mortality in the immediate surgery group
(5.5% UKSAT, 2.1% ADAM) led to an early disadvantage in
survival. Investigators found no statistically significant differ-
ence in long-term survival between the immediate surgery and
surveillance groups.

Potential benefits of early surgery were noted in both the
UKSAT and ADAM study for selected subgroups.
In the UKSAT, the estimated adjusted hazard ratios were in
the direction of greater benefit of early surgery for younger
patients and those with larger aneurysms but statistical signif-
icance was not demonstrated.'”® Likewise, long-term results
from the ADAM study suggested a similar effect.'®® Neither
study was designed or powered to examine the question of
whether immediate surgery might be harmful for patients with
aneurysms between 4.0 cm and 4.4 cm, but beneficial for patients
with aneurysms between 5.0 cm and 5.4 cm. Moreover, differ-
ential effects for older or younger cohorts, female patients, or
those of exceptional physiologic fitness could not be addressed.
Uncertainty regarding the potential benefit of early repair in
selected patients with small AAA is further magnified by the
demonstration that EVAR is associated with reduced periopera-
tive mortality. The Comparison of surveillance vs endografting
for small aneurysm repair (CAESAR)*®! and Positive impact of
endovascular options for treating aneurysm early (PIVOTAL)
trials compare immediate EVAR with surveillance and selective
EVAR, but neither trial was designed to determine whether
immediate EVAR might be beneficial or harmful for specific
AAA size ranges or age subgroups.

Patients need to appreciate the therapeutic uncertainty
for AAA in the range of 4.0 cm to 5.4 cm. Ultimately, all
recommendations are individualized. At present, surveil-
lance with selective repair is most appropriate for older male
patients with significant co-moribidities. Young, healthy
patients, and especially women, with AAA between 5.0 cm
and 5.4 cm may benefit from early repair.

Repair is recommended for patients that present with an AAA and
abdominal or back pain.

Level of recommendation:
Quality of evidence:

Strong
High

Elective vepair is recommended for patients that present with a

fusiform AAA >5.5 cm in maximum diameter, in the absence of
significant co-morbidities.

Level of recommendation:
Quality of evidence:

Strong
High
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Elective vepair is suggested for patients that present with a sacculay
aneurysm.

Level of recommendation: Weak
Quality of evidence: Low
Surveillance is recommended for most patients with a fusiform

AAA in the range of 4.0 cm to 5.4 cm in maximum diameter.

Level of recommendation:
Quality of evidence:

Strong
Moderate

Youny, healthy patients, and especially women, with AAA between 5.0
cm and 5.4 cm in maximum diameter may benefit from repair.

Level of recommendation: Weak
Quality of evidence: Low

The benefit of vepaiving a small anewrysm is uncertain in patients
who will vequire chemotherapy, radiation therapy, or solid organ
transplantation.

Level of recommendation: Weak
Quality of evidence: Low

Medical management during the period of AAA
surveillance

A number of approaches have been proposed to prevent
progression of aneurysmal disease during the period of aneu-
rysm surveillance including hemodynamic control, as well as
inhibition of inflammation and protease activity.'®? Several
studies have demonstrated that tobacco use is associated with
an increased rate of aneurysm expansion and smoking cessa-
tion is likely the most important recommendation that can be
made to a patient with AAA.”*'%%178 Eyidence from two
large randomized trials indicates that propranolol does not
inhibit aneurysm expansion.>3*® However, these results were
compromised by low compliance, with 20% to 40% of patients
discontinuing propanolol during the study period. Small ob-
servational studies suggest that 3-hydroxy-3-methylglutaryl
(HMG) coenzyme A reductase inhibitors (statins) may inhibit
aneurysm expansion. 1%+ Animal studies have demonstrated
that angjotensin-converting enzyme (ACE) inhibitors or Lo-
sartan, an angiotensin receptor blocker decrease the rate of
AAA expansion. Hackam et al'®® recently reported in an
analysis of 15,326 patients in linked administrative data-
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bases that use of ACE inhibitors within the prior three to 12
months was less frequent among those patients with AAA
rupture. Beta-blockers, lipid-lowering agents, and angio-
tensin receptor blockers showed no relationship to rupture.
Further, Lederle and Taylor'®® observed an increased risk of
aneurysm rupture among those patients who discontinued
ACE inhibitors within the past three to 12 months. Lindholt
et al'®” have suggested that serological evidence of a C.
prewmonine infection is associated with an increased rate of
AAA expansion and small randomized trial of approximately
100 patients demonstrated that a one month course of rox-
ithromycin decreased the rate of aneurysm expansion.'®® A
number of studies have suggested that doxycycline can inhibit
matrix metalloproteases in plasma and aneurysm tissue.*8%*%°
Morosin et al*** randomized 32 patients with AAA to doxy-
cycline (150 mg/d) or placebo for three months. Patients
were followed for 18 months. C. prneumonine titers were not
affected by doxycycline treatment. A trend toward a lower
AAA growth rate was observed in the doxycycline-treated
group. Additional studies are needed to clarify the potential
role of doxycycline, roxithromycin, and statin therapy in the
progression of aneurysmal disease.

In summary, during the surveillance period, patients
should be counseled to cease smoking if tobacco products are
being utilized. Patients should be encouraged to seek appro-
priate management for hypertension, hyperlipidemia, diabe-
tes, and other atherosclerotic risk factors. A statin and ACE
inhibitor should be initiated given their broad potential ben-
efits and acceptable safety profile. Insufficient data exists to
recommend use of doxycycline or roxithromycin. Patients
should be counseled that moderate physical activity does not
precipitate rupture and may limit AAA growth rate.'®?
Screening of family members should be recommended.

Smoking cessation is recommended to veduce the risk of AAA
growth and rupture.

Level of recommendation:
Quality of evidence:

Strong
High
Statins may be considered to veduce the risk of AAA growth.

Level of recommendation: Weak
Quality of evidence: Low

Table VI. Transperitoneal or retroperitoneal approach for open abdominal aortic aneurysm repair

Transperitoneal Retroperitonenl
Advantages ® Most rapid, greatest flexibility ® Avoids hostile abdomen
® Provides widest access ® Facilitates exposure and control for juxta-pararenal AAA
® Enables evaluation of intra-abdominal pathology ® Dotential for less ileus, other physiologic stress
® Obesity
® Inflammatory AAA/horseshoe kidney
Disadvantages ® Longer ileus ® Poor access to right renal and iliac arteries
® Dotential for greater fluid losses ® Cannot evaluate intra-abdominal pathology
® Difficulty with exposure and control for juxta — ® Longer to open and close
or pararenal AAA ® More flank bulges, chronic wound pain

AAA, Abdominal aortic aneurysm.
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Doxycycline, roxithromycin, ACE inhibitors, and angiotensin
receptor blockers are of uncertain benefit in reducing the risk of
AAA expansion and rupture.

Level of recommendation: Weak

Quality of evidence: Low

The use of beta blockers to veduce the visk of AAA expansion and
rupture is not recommended.

Level of recommendation:
Quality of evidence:

Strong
Moderate

Screening for AAA is vecommended for first degree velatives of
patients presenting with an AAA.

Level of recommendation:
Quality of evidence:

Strong
High

Open surgery

Once the need for AAA repair has been determined, a
choice will need to be made between conventional OSR
and EVAR. The basic technique of endoaneurysmorrhaphy
first popularized by Creech'®® emphasizes minimal dissec-
tion and intrasaccular ligation of lumbar artery branches,
with suture attachment of the prosthetic graft to the prox-
imal and distal aspects of the aneurysm. This, together with
steady advances in graft and suture materials, surgical expe-
rience, and perioperative anesthesia and critical care, have
made conventional OSR a very successful and durable
correction for aortoiliac aneurysmal disease.

Operative approach. For standard open operative re-
pair, an anterior transperitoneal (TP) or left-flank retroperito-
neal (RP) approach may be employed. Each method has its
own potential advantages and limitations (Table VI). In addi-
tion, the individual training and personal experience of the
surgeon may also influence decision-making in this regard.

A TP approach via a generous midline abdominal incision
is most commonly employed for infrarenal AAA repair, and
most familiar to surgeons. This exposure can be performed
rapidly, provides wide intra-abdominal access and maximal
flexibility, and enables evaluation of other possible intra-ab-
dominal pathology. In contrast to the typical midline vertical
incision, a few surgeons recommend a transverse incision just
above or below the umbilicus, as they believe such incisions
may result in less postoperative pulmonary complications or a
lower incidence of incisional hernias in long-term follow-up.
However, such claims have never been clearly established and
transverse incisions are infrequently utilized.

Advocates of a RP approach claim various physiologic
benefits, including reductions in fluid losses, cardiac stress,
postoperative pulmonary complications, and severity of
ileus. All of these potential benefits are felt to lead to a
reduction in ICU and hospital length-of-stay, diminished
costs, and quicker recovery. However, several randomized
prospective studies examining these possible advantages of
a RP approach have reached differing conclusions. Cambria
and colleagues'®* did not detect any of the physiologic
benefits observed by Sicard and co-workers'®® other than a
shorter duration of postoperative ileus and slightly earlier
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resumption of oral intake. A more recent randomized com-
parison of TP and RP approaches for infrarenal aortic
surgery by Sieunarne et al'?® also failed to document any
significant physiologic or other perioperative outcome dif-
ferences, but did note a higher evidence of long-term
wound problems, including incisional pain, bulges, and
hernias in the RP group.*®® Such conflicting results suggest
that the choice of surgical approach is best individualized in
each patient, based upon individual anatomic and clinical
circumstances. A RP approach may be preferable for pa-
tients with a “hostile abdomen” secondary to multiple prior
intra-abdominal operations, a history of irradiation, pres-
ence of abdominal hernias, stomas, or marked obesity.
Similarly, most vascular surgeons agree that a RP incision is
preferred for repair of inflammatory aneurysms or AAA
associated with a horseshoe kidney.'?”7-198

In current practice, perhaps the clearest indication for a
RP approach is extension of aneurysmal disease to the
juxtarenal or visceral aortic segment. Exposure and control
of the aorta in this region, as well as the left renal and
visceral branches, are facilitated by a left lateral RP approach
and opening of the left diaphragmatic crura. Use of an
extended posterolateral RP approach with the left kidney
mobilized anteriorly has the additional advantage of trans-
posing the left renal vein anteriorly, thereby avoiding the
possible need to divide the left renal vein to gain adequate
exposure of the juxtarenal or suprarenal aorta which may
be required on occasion with an anterior TP approach.
While some authorities feel the left renal vein may be
divided without consequence as long as collateral branches
are preserved, several other reports document some adverse
impact on renal function.””"**® Use of an RP approach
avoids this dilemma. The ease and flexibility of exposure
and clamping of the suprarenal or supravisceral aorta via
this approach has even led some investigators to advocate
use of a high extended posterolateral approach for emer-
gency repair of ruptured aneurysms.?°® Good results have
been achieved, without the potential consequences of en-
tering the area of retroperitoneal hematoma and loss of the
tamponade effect which has long been a concern expressed
by many surgeons for such an approach.

Because many infrarenal AAA with favorable neck anat-
omy are currently repaired with endovascular stent grafts, in
contemporary practice, all vascular surgeons recognize that
the technical complexity and challenges of OSR have in-
creased since only aneurysms with adverse neck anatomy not
felt suitable for EVAR undergo standard OSR.2%*2%3 [t is
clear, therefore, that a vascular surgeon should be familiar and
experienced with both a TP and RP approach, utilizing each as
determined by patient anatomy and clinical need.

A retroperitoneal approach should be considered for patients in
which aneurysmal disease extends to the juxtavenal and/or visceral
aortic segment, or in the presence of an inflammatory aneurysm,
horseshoe kidney, or hostile abdomen.

Level of recommendation:
Quality of evidence:

Strong
Moderate
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Use of a retroperitoneal exposure or a transperitonenl approach
with a transverse abdominal incision may be considered for patients
with significant pulmonary disease requiring OSR.

Level of recommendation: Weak
Quality of evidence: Low

Division of the left venal vein may be considered to gain suprarenal
aortic exposure.

Level of recommendation:
Quality of evidence:

Strong
High

Aortic clamping. For standard infrarenal AAA, prox-
imal aortic clamp placement is below the renal arteries, but
should be as close to the renal vessels as feasible in order to
perform the proximal graft anastomosis as high as possible.
This is emphasized in order to minimize the incidence of
late development of recurrent aneurysmal degeneration
above the graft, which may occur if the anastomosis is
performed at a low level on the aorta.

If an anterior TP approach has been employed, it may
be necessary to mobilize the crossing left renal vein and
retract it superiorly to allow high proximal clamp applica-
tion. This may require division of its gonadal and posterior
lumbar branches to avoid tearing and injury to the vein.
Complete division of the vein is best avoided in view of its
possible adverse impact on postoperative renal dysfunction.
If the renal vein is to be divided, the decision should be
made prior to division of the gonadal, adrenal, and lumbar
branches, which provide collateral flow from the left kid-
ney. Alternatively, end-to-end anastomosis of the divided
renal vein may be considered.

The proximal extent of aneurysmal disease and quality of
the aorta at the anticipated clamp site are best determined by
careful examination of a high-quality fine-cut abdominal CT
scan, both with and without contrast to allow accurate iden-
tification of aortic wall calcification and the extent of athero-
matous debris and the length and diameter of the aneurysm
neck. While there are essentially no anatomic constraints to
OSR as exist for EVAR, careful preoperative evaluation of
aortic and aneurysmal anatomy are nonetheless important
aspects of preoperative planning prior to operation.

If extensive calcification or intraluminal atheromatous
disease is noted, or the aneurysm extends very close to the
renal arteries, a decision to clamp at a higher level becomes
advisable to minimize the risk of atheromatous emboliza-
tion into the renal arteries or clamp injury to the aortic wall.
Whether the clamp is placed suprarenal but below the
visceral arteries, between the superior mesenteric (SMA)
artery and celiac axis, or at a supraceliac level is dependent
upon anatomy and aortic quality at these varying levels.
Often there is little room between the renal arteries and
SMA, or between the two visceral branches, to allow safe
dissection and clamp application. If pararenal atheromatous
disease or significant calcification is observed on the CT
scan, it will likely be preferable to go to a supraceliac level to
minimize the risk of renal embolization or flow obstruc-
tion, despite the possibility of increased hemodynamic and
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cardiac stress.>**2°° Although suprarenal clamping is asso-
ciated with an increased risk of postoperative decrease in
renal function and overall adverse events, 30-day mortality
is comparable to those patients repaired with infrarenal
crossclamping.?°%-2%7

It is usually recommended that the proximal clamp be
applied first, in order to minimize the occurrence of athero-
matous embolization. This has never been truly studied or
established, however, it would seem reasonable to clamp the
least diseased arterial segment first, whether proximal or distal,
in order to accomplish this objective. Distal clamping is almost
always at the iliac level, since aneurysmal disease usually ex-
tends close to the aortic bifurcation even in patients suitable
for a straight tube graft reconstruction. As with determination
of the best site for proximal clamping, the surgeon should
evaluate the preoperative CT scan, as well as palpate the iliac
arteries at surgery, to determine the best site and method of
distal clamping. If severely calcified, intraluminal control of
the iliac arteries with balloon catheters will be a safer and more
effective method of control. Use of soft-jawed clamps may also
be considered. Because iliac plaque and disease is most often
posterior, clamping in a transverse plane may also be safer than
the typical anteroposterior (AP) application.

Trrespective of clamp location and method, systemic hep-
arinization (75-100U /kg) is utilized by almost all vascular
surgeons for elective AAA repair. In the circumstances of a
ruptured aneurysm or other unusual situations, heparin may
be omitted, with vigorous flushing of the graft prior to restor-
ing blood flow, or limited amounts of heparinized saline may
be instilled directly into distal vessels after placement of the
proximal clamp. For patients with a history of heparin-induced
thrombocytopenia, a thrombin inhibitor (eg, Bivalirudin, Ar-
gatroban) is recommended at the time of aortic clamping.

A high-quality preoperative CT scan is recommended to determine
the optimal site of proximal aortic clamping based upon the extent
of anenrysmal disease and quality of the aorta.

Level of recommendation:
Quality of evidence:

Strong
High

A transbrachial or transfemoral balloon for aortic control may be
considered priov to anesthetic induction for patients with o
ruptured aortic aneurysm.

Level of recommendation: Weak
Quality of evidence: Low

A thrombin inhibitor (eg, Bivalirudin, Argatroban) is
recommended at the time of aortic clamping for patients with a
history of heparin-induced thrombocytopenin.

Level of recommendation:
Quality of evidence:

Strong
Moderate

Type and configuration of the graft. Excellent pa-
tency and long-term results have been achieved with a wide
variety of prosthetic grafts utilized for open AAA repair.
Numerous modifications of graft material, such as polyester
or polytetrafluoroethylene (PTFE), methods of fabrication,
including knitted or woven, external or double velour, high
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or low porosity, have been devised in the hope of improving
performance and other characteristics such as ease-of-
handling, durability, healing, resistance to infection, or
reduced dilatation over time. One may conclude, however,
that patency and other late outcomes appear to be equiva-
lent for grafts placed in the aortic position. Hence surgeon
preference and cost are usually the dominant determinants
in aortic graft choice.2°%2'° Currently, “zero porosity”
polyester grafts, rendered impermeable by various biologic
coatings, such as collagen, gelatin, or albumin, are the most
popular and widely employed. Although more expensive,
their expediency, intraoperative time savings, and reduced
blood loss attributable to the lack of preclotting require-
ments more than offset such costs.

Aorto-aortic “straight tube” grafts are gencrally re-
due to a
shortened operative time, reduced blood loss, and less need
for dissection with attendant risk of injury to adjacent
structures such as the ureter, iliac veins, or autonomic nerve
networks. In most series of elective open aortic graft repair,
tube grafts are utilized in 40% to 50% of cases, although the
proportion of straight tube or bifurcated configuration
varies in the literature range between 0% and 85%.2** In the

-12 Certainly bifurcated grafts are advisable if clini-

cally significant concomitant iliac aneurysms (>2.0 cm to

2.4 cm) are prescnt. POF FEPORS HaYE SUEEESEEd HhAEae

2,213

symptomatic

occlusive disease exists with limiting claudication, both
aneurysmal and obliterative disease can be corrected with
an However, a somewhat higher in-
cidence of wound infection, graft limb thrombosis, and
anastomotic aneurysm has been reported if the graft is
extended to the groin.?'?

If significant iliac aneurysmal or occlusive disease is not
present at the time of repair, many series have documented
a low incidence of late disease progression necessitating
reintervention.2**2** Thus, the surgeon can be confident
in placement of a tube graft at the time of initial repair. In
addition, current increased endovascular options for stent
grafting and /or balloon angioplasty/stenting offers assur-
ance that any late problems 