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I. INTRODUCTION

Patients scheduled for aortic reconstructive surgery are of-
ten at increased risk due to:

A. Patient medical condition

Most of the pathology is due to diffuse atherosclerosis, a
systemic progressive disease that can cause 1) Arterial plaque
enlargement, 2) Arterial embolism, or 3) Complete occlu-
sion of circulation. The plaque location is often at the bifur-
cation where turbulent flow might exist. Mostly, at the ca-
rotid bifurcation, coronary arteries, iliac arteries, aorta and
superficial femoral artery. The symptoms might vary with
the site and degree of the lesion. Intermittent claudication,
rest pain, ulceration, or gangrene is all described. The pa-
tients are often older; most of these patients suffer from gen-
eralized atherosclerotic cardiovascular disease. Therefore,
many of their other systems and organs may be affected as
well. They have increased incidence of hypertension, coro-
nary artery disease, myocardial disease, valvular heart dis-
ease, renal disease, diabetes and cerebral vascular disease.

B. Surgical procedures

Surgical procedures are often involved in potential for blood
loss and major volume shifts. Organ preservation might also be
of concern due to periods of interruption in perfusion. It is
imperative, therefore, that the anesthesiologists perform spe-
cial risk assessments on all these patients.

II. PERIOPERATIVE EVALUATION

A complete history and physical examination are mandatory,
including system review, selected laboratory tests, and medica-
tion review with special emphasis on daily medications be-
cause many can interact with anesthetics. Most anesthesia-in-

duced morbidity and mortality is related to the cardiovascular
system(1-4). Therefore, it is obligatory to perform a special risk
assessment for this system.

A. Risk assessment

The American Society of Anesthesiologists, relying on the
Drips classification, found that general physical condition
correlates with surgical outcome. Similar correlation was
found with the New York Heart Association classification
where patients in Class 3 or 4 had a six- to ten-fold inci-
dence of mortality(5). Other factors included were history of
nitrates intake, dyspnea on excretion, angina, aortic stenos-
is, advanced age, aortic surgery, emergency operation, dys-
rhythmias, CHF, and myocardial infarction(5-10). According
to Mangano, the last three dysrhythmias, left ventricular
dysfunction and myocardial infarction are the most impor-
tant prognostic factors in risk assessment(11).

Others(12-18) revalidated the Multiple Risk Index (MRI)
but modified the importance of factors such as angina, hy-
pertension, diabetes, non-Q-wave infarction, uncomplicat-
ed recent MIs and extensive MIs. Also were added: left ven-
tricular hypertrophy, digoxin intake or aortic reconstructive
surgery, patient operation, anesthesia skill, surgical experi-
ence, new technology and hospital equipment, and other
quality assurance factors.

B. Evaluation of ischemic heart disease

Patients with congestive heart failure and some of the signs
and symptoms of chronic heart failure should first be treated
with diuretics, digitalis, or inotrope until they attain opti-
mum and stable function. Several authors(19-21) describe the
association between CAD and vascular disease. As a result,
perioperative myocardial infarction (PMI) can be as common
as 6% to 20% during vascular surgery. The majority of pa-
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tients, diabetic as well as non-diabetic, can have undiagnosed
CAD or silent perioperative myocardial ischemia (SMI)(22,23).
Muir(24) recommended Holter monitoring to detect patients
at high cardiac risk. Patients with SMI were more likely to
have impaired left ventricular function (< 40% ejection frac-
tion). Further heart investigation, such as ambulatory EKGs,
or cardiac stress tests (exercise, dipyridamole, and thallium)
were all suggested. A two- dimensional echocardiogram with
dipyridamole, dobutamine, or color Doppler measurements,
was also recommended. More sophisticated diagnostic meth-
ods, such as positron-emission tomography (PET) or single
photon-emission computed tomography (SPECT) can pro-
vide information about the heart’s metabolism as well as about
its blood supply and mechanical function(25).

C. “Guidelines for perioperative cardiovascular
evaluation for noncardiac surgery”-

(The American College of Cardiology/American
Heart Association 1994, 1997, 2002)

These Guidelines are based on Medline search of the En-
glish literature from 1975 through 2001, review of selected
journals from 1995 and expert opinions of 12 committee
members representing various disciplines of cardiovascular
care. The purpose of the guidelines was to provide a frame-
work for considering cardiac risk of noncardiac surgery in
various patients and operative situations.

1. General approach to cardiac patient undergoing noncar-
diac surgery necessitates careful teamwork and commu-
nication among patient, primary-care physician, anesthe-
siologist, surgeon, and the medical consultant.

2. Coronary revascularization before noncardiac surgery to
enable the patient to “get through” the noncardiac proce-
dure is appropriate only for a small subset of very high-
risk patients. Preoperative testing should be limited to
circumstances in which the results will affect patient treat-
ment and outcomes.

3. A conservative approach to the use of expensive tests
and treatments is recommended. Preoperative Clinical
Evaluation.

4. It is essential to define severe stability and prior treat-
ment of the disease. Patient’s functional capacity, age,
co-morbid conditions (DM, PVD, CRF, and COPD) and
types of operation (AAA, TAA, and head and neck sur-
gery) are considered higher risk.

5. Clinical Predictors of Increased Perioperative Cardio-
vascular Risk are:

a. Major: Unstable coronary syndromes, recent MI, dec-
ompensated CHF, significant arrhythmia or severe val-
vular disease.

b. Intermediate: Mild angina pectoris, prior MI compen-
sated or prior CHF or diabetes mellitus.

c. Minor: Advanced age, abnormal ECG findings (LVH,
LBBB, ST-T abnormalities), rhythm other than sinus
(i.e.: AF), low functional capacity, history of stroke
and uncontrolled systemic hypertension.

6. Surgical Cardiac Risk Stratification for Noncardiac
Surgical Procedures:
_ High: Emergent operations, aortic and other major

vascular operation, peripheral vascular operation,
anticipated prolonged surgical procedures associ-
ated with large fluid shifts or blood loss (or both).

_ Intermediate: CEA, head and neck operation, in-
traperitoneal and intrathoracic operation, orthope-
dic operation, prostatectomy.

_ Low: Endoscopic procedures, superficial procedure,
cataract operation, or breast operation.

In summary, numerous methods can be used to stratify
high-risk cardiac patients before major vascular procedures.
Most authors recommend a combination of history, physical
examination, and non-invasive and invasive tests(26,27,27a).
Patients with diabetes, angina, a Q-wave on EKG, ventricu-
lar dysrhythmia, and age above 70 years are likely to have
perioperative cardiac complications. Patients with all or none
of these clinical risk factors will not benefit from further
invasive or non-invasive tests; patients with two or three of
these risk factors can benefit from further tests. There is no
complete agreement as to the best tests to be performed on
this group. A practical approach is to proceed from simple to
more complex testing.

III. ANESTHETIC MANAGEMENT OF AORTIC
RECONSTRUCTIVE SURGERY

When determining the equipment, monitoring, and anes-
thetic to be used in this procedure, the risk status of the
patient and the potential intraoperative acid-base, coagula-
tion, and hemodynamic changes, including excessive blood
loss, must be considered. Anesthesia for emergency or symp-
tomatic AAA, can be more challenging due to higher inci-
dence of surgical and anesthetic perioperative potential com-
plications.

A. Monitoring

Del Guerico’s(28) study in 148 patients has shown that more
invasive preoperative care, as well as delay in surgery, can
improve surgical outcome. Slogoff and Keats(17) and Rao(10)

had better results with improved perioperative hemodynamic
and cardiac monitoring. Whitmore(29) found that mortality
decreased after aortic surgery from 5% to 0% when a preop-
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erative pulmonary artery (PA) catheter was used to establish
a Starling curve.

In a prospective randomized study of 89 patients, Berlauk(30)

found a significant decrease in mortality (from 9.5% to 1.5%),
cardiac morbidity, and early graft thromboses in patients who
were ‘tuned up’ either in surgical intensive care or the prein-
duction room. The ‘tuning up’ consisted of combinations of
fluid loading, after load reduction, and inotropic support.

This finding was not replicated by Pull Ter Gunne(31),
who found no improvement in hemodynamics or renal func-
tion after preoperative hydration guided, by a PA catheter.
Preparation in the operating room should include large;
multiple intravenous accesses, a five-lead EKG, and com-
puterized continuous ST-T segment evaluation. Arterial
blood pressure should be monitored with an in-dwelling
arterial catheter that will also allow periodic measurements
of arterial blood gases. A ST change indicating myocardial
ischemia is strong predictors of perioperative MI. Postoper-
ative ischemia is a significant predictor of long-term MI and
cardiac death. Use of computerized ST-segment analysis in
appropriately selected high-risk patients may improve sen-
sitivity for detection of myocardial ischemia.

Central venous pressure catheters or
Swan-Ganz catheters

Are used to monitor adequate volume replacement. The ASA
believes that the following 3 variables are particularly im-
portant in assessing benefit versus risk of use of PAC:

1) Disease severity. 2) Magnitude of anticipated surgical
procedure. 3) Practice setting. The patients most likely to
benefit from use of PAC perioperatively are those with: 1)
Recent MI complicated by CHF, 2) Severe CAD who is under-
going procedures associated with pronounced hemodynamic
stress, 3) Systolic or diastolic LV dysfunction, 4) Cardiomy-
opathy, 5) Sever valvular disease. We recommend cannulat-
ing with a Swan-Ganz catheter every patient with a] poor left
ventricular function, b] recent myocardial infarction, c] un-
stable angina, d] intractable CHF, e] preoperative renal insuf-
ficiency, f] renal revascularization, or g] thoracoabdominal
aneurysm. With the improvement of transesophageal echocar-

diography, some suggest that echocardiography is more sen-
sitive than ST-segment analysis in detecting myocardial is-
chemia(32). Left ventricular regional wall motion and ejec-
tion fraction correlated well with the incidence of myocardial
ischemia. But the largest experience to date suggests that the
incremental value of this technique for myocardial ischemia
risk prediction is minimal.

B. Choice of anesthetic

But as fare as other drugs, there is not scientific evidence to
support the use of any one anesthetic technique for major vas-
cular procedures. Intravenous narcotics are better at preserving
cardiac output and blood pressure(33), and adding inhaled an-
esthetic helps to control hypertension but can cause myocar-
dial depression (important for patients with borderline LV re-
serve). Sufentanil had better results than isoflurane in one study
Benefiel ASA 1986. Most drugs should be titrated carefully
because their affect on the geriatric atherosclerotic patient is
unpredictable. Similarly, evidence favors neither general nor
neuraxial techniques over the other for vascular surgery. One
should still decide on the basis of personal clinical experience.
Spinal/Epidural cause sympathetic blockade. Abdominal op-
erations that necessitate a high dermatomal level of anesthesia
may result in hypotension and reflex tachycardia. Monitored
Anesthesia Care- failure to produce complete local anesthesia
or analgesia can lead to increased stress response, which may
produce myocardial ischemia or depression.

The American College of Physicians has recommended
administration of β-adrenoceptor antagonists to patients with
coronary artery disease undergoing surgery. To date, β-
adrenoceptor antagonists are the only well-established means
of prophylaxis against myocardial ischemia that demon-
strates a reduction of morbidity and mortality in this patient
population(32a). (Table I).

C. Aortic cross-clamping and declamping

One of the most destabilizing events during aortic recons-
tructive surgery is the clamping and unclamping of the aor-
ta. Clamping the aorta interrupts blood flow to major or-

Table I.

Operation Time Drug Outcome

Stone JG 1988 Vasc Abd Post-op Labetolol, atenolol 11/39 vs 2/89 ↓ Ischemia
Hammon JW 1984 CABG Pre/Intra/Post Propranolol ↓BP, dysrhythmias, ischemia
Pastermack PF 1989 Vasc Pre Metoprolol ↓Ischemia
Raby KE 1999 Vasc Intra post Esmolol ↓Ischemia
Poldermans D. 1999 Vasc Pre/Intra/Post bisoprolol ↓MI/Death/Ischemia
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gans, directly or indirectly causing hemodynamic and me-
tabolic changes. These changes are highly visible with more
proximal occlusion(34,40).

1. Hemodynamic changes. In the 70s and 80s Silverstein
and Attia described in detail the physiologic cardiovas-
cular changes occurring during aortic cross-clamping.
Increase in after-load, MAP, SVR, LVEDP. Depression of
cardiac output and LVSWI are usually happening while
pre-load, CVP, PEDP can go up, down or remain un-
changed. Peripheral vasodilatation with nitroglycerin or
sodium nitroprusside has been suggested to attenuate the
hemodynamic response.

2. Metabolic changes. Gelman described in a review article
in 1995 all the metabolic changes that might occur with
aortic cross clamping and declamping (Table II).
Most metabolic changes are reversed gradually after dec-
lamping, but the acidosis that increases during the clamp-
ing time can reach new highs with the flushing of ischemic
tissue. Several authors have suggested the use of contin-
ues bicarbonate drip throughout the clamping specially in
TAAA repairs. “Declamping shock” appears to be caused
mostly by volume depletion and decreased venous return
but many mediators were implicated in the hemodynamic
and metabolic changes. The gradual release of the aortic
clamp, volume loading, and correction of acidemia, hy-
perkalemia, hypocalcemia, and inotropic support of cardi-
ac output are all effective during declamping.

D. Effect of aortic cross- clamping on organ systems

1. Spinal Cord Preservation. The mechanism by which the
insult to the spinal cord occur is in the table II. Several

techniques have been suggested to minimize anterior spi-
nal cord ischemia: hypothermia, spinal cord drainage, ar-
terial shunting, and pharmacological agents including
papaverine, scavengers, and ‘spinalplegic’ solutions. Sev-
eral monitoring techniques can detect patients at risk, in-
cluding somatosensory-evoked potentials, motor-evoked
potentials, and angiographic or other visualization meth-
ods for identifying the arterial radicularis magna.

2. Renal preservation. Is as prevalent as in 7% of aortic
surgery (Table III). The use of mannitol, dopamine or

Table II.

Acidosis Oxygen free Radical Myocardial-Depressant Factor Angiotensin Interleukin-1,6
Lactate Hypoxanthine Endotoxins Renin Hypophosphatemia
Hypercarbia Xanthine Oxidase Cytokine Epinephrine TxA2 Synthesis
Hypocarbia Purines Tumor Necrosis Factor (TNF) Norepinephrine Prostaglandin
Bradykinin Endothelin-1 Anaphylatoxins Histamine

Table III.

AX-c Time(min) Paraplegia% Renal Failure% Anterior-Spinal-Artery-Syndrome (Mechanism)
0-15 0 0 1. Injury to radicular artery by clamp
16-30 3.5 4.2 2. Radicular artery is distal to Ax-c
30-45 10 7.8 3. Arteria Magna is inside the aneurysm
40-60 12.5 6.3 4. Prolonged Ax-c
> 60 25 5. Prolonged hypotension

Livesy 1985 6. Thrombosis of lumbar collateral

I II III IV V
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verapamil and fenolopam(41) were all suggested, but the
most widely accepted method is to maintain adequate
volume throughout the surgical procedure.

3. Lungs. Postoperative respiratory failure is as common as
26% after TAA. The pathophysiology is not always clear
and it is multifactorial. Direct instrumentation, ventilatory
barotrauma or lung atelectasis due to increase intra abdom-
inal pressure and hypoventilation as a result of pain, can all
contribute to organ failure. Microembolism of thrombi, ather-
omas or tissue debris can cause increase pulmonary vascu-
lare resistance both directly and through humerale factors
such as TxA2 or anaphylatoxin. Increase in vascular perme-
ability and congestive heart failure can bring increase in
lung-water content and pulmonary edema.
Intraoperative Nitroglycerin data are insufficient to de-
termine whether prophylactic intraoperative IV adminis-
tration of nitroglycerin is helpful or harmful in high-risk
patients vasodilating properties of NTG may be potenti-
ated by anesthetic agents, leading to severe hypotension
and even myocardial ischemia.

4. Perioperative surveillance. Surveillance for Perioperative
MI: In patients with any history of CAD- Clinical symp-
toms, postoperative ECG changes, increase of MB-CPK,
increase of troponin-I and troponin-T should all be followed
closely. But in patients without known CAD, surveillance
should probably be restricted to those who have signs of
cardiovascular dysfunction. In patients with known or sus-
pected CAD undergoing high-risk procedures, obtaining
ECG at baseline, immediately after the procedure, and for
the first 2 POD is cost-effective. Measurement cardiac en-
zymes are done only in patients with clinical, ECG, or he-
modynamic evidence of cardiovascular dysfunction.

5. Postoperative management. Should include assessment
and management of modifiable risk factors for-CAD, CHF,
HTN, stroke and other cardiovascular disorders (Hyper-

cholesterolemia, Smoking, Hypertension, Diabetes, Phy-
sical inactivity, Peripheral vascular disease, Cardiac mur-
mur, Arrhythmia, Conduction abnormalities, Periopera-
tive ischemia, Postoperative MI). Patients who experience
repetitive postoperative myocardial ischemia or sustain
a superior MI have substantially increased risk of MI or
cardiac death during long-term follow-up. These patients
should especially undergo risk factor interventions and
future risk stratifications and therapy. Effective perioper-
ative pain management (I.V. or epidural analgesia) leads
to: Reduction in postoperative catecholamine surges and
controls hypercoagulability response-Both of which can
theoretically affect myocardial ischemia.

In summary, there is no complete agreement about the
best preoperative evaluation techniques for risk assessment
in major vascular procedures. Our emphasis is returning,
perhaps, to the basic history and physical, although more
sophisticated scanning techniques are also being developed.
Silent preoperative and postoperative ischemia is closely
related to cardiac outcome. Myocardial oxygen demand
should be kept low; oxygen supply is gaining interest, as
favorable lower complication rates after CABG and PTCA
are reported(42). In addition, the less complex endovascular
aortic reconstruction surgery is gaining acceptance. These
surgeries demonstrate better short-term outcome(43,44). An-
esthesia and monitors are much improved and allow us to
have more stable patients during induction, aortic cross
clamping, and emergence from anesthesia. Complication
rates are decreasing in general, but no significant differenc-
es were found between regional and general anesthesia, in
spite of numerous studies. Techniques for organ preserva-
tion are not yet satisfactory but the problem is heavily in-
vestigated and there is hope for breakthroughs in physiolo-
gy and pharmacology.
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