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Anesthesia for aortic aneurysm surgery

If the aorta dilates to greater than 3.0 cm, an aneurysm is formed. The risk

of rupture increases exponentially when the aneurysm diameter is greater than

5.0 cm or if there are inflammatory lesions in the aortic wall. Ultrasonography is

probably the most cost-effective diagnostic tool for making the diagnosis of an

aortic aneurysm. However, angiography is the gold standard for establishing the

diagnosis and is particularly helpful in patients with atherosclerotic and oblitera-

tive disease of the aorta and iliac arteries [1].
Management of aneurysms

Investigators in the United Kingdom studied over 1000 patients with aneu-

rysms 4.0 to 5.5 cm in diameter and randomly assigned them to elective surgery

groups or surveillance with ultrasonography. Surgery was offered to patients if

the aneurysm grew greater than 5.5 cm or expanded more than 1.0 cm in diameter

per year. In the observational group there was a 1.6% risk of rupture per year,

with women having a fourfold greater risk of rupture than men. However, there

was no difference in long-term outcome for either group [2,3].

In a large study (the aneurysm detection and management of the Veterans

Affairs Cooperative Study) [4], 50- to 80-year-old patients with 4.5- to 5.5-cm

aneurysms were assigned to one of two groups. Approximately half were

assigned to undergo surgical repair of the aneurysm, and the other half was

assigned to a surveillance group. Those in the surveillance group underwent

ultrasonography or a computerized tomography (CT) scan every 6 months to

monitor the size of the aneurysm. The surgical repair group had an operative
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mortality rate of 2.7%. The authors concluded that early surgical intervention for

aneurysms less than 5.5 cm did not improve long-term survival [5].
Surgical management

Current practice is based on the results of studies such as these. Patients with

aneurysms are observed and monitored if the aneurysm is less than 5.5 cm; if the

aneurysm is greater than 5.5 cm, surgery is recommended [6]. Today, surgical

management includes open repair or endovascular stenting, depending on the

location and extent of the disease. Endovascular stents are placed if the aneurysm

has a sufficient length of normal aorta, defined as a ‘‘neck’’ that allows placement

of the stent without occluding adjacent blood vessels. Although the data do not

justify open surgical repair of aneurysms less than 5.5 cm, the size at which

placement of an endovascular stent should be considered has not been deter-

mined; presumably, an endovascular stent may be warranted in patients with

smaller aneurysms. Aneurysms of the thoracic aorta are much more difficult to

manage. If they are repaired using an open approach, the extent of the incision,

the length of the aorta to be resected, and the multiple organs that are affected by

the ischemic cross-clamp time, makes these aneurysms the most difficult to treat.

A combined open and endovascular approach as a means to decrease morbidity

has been advocated [7].
Assessment of anesthesia risk for aortic aneurysm surgery

Aortic aneurysm disease is associated with several comorbid conditions [8].

Smoking, which results in the development of vascular, pulmonary, and coronary

artery disease (CAD), is very prevalent in this population. Hypertension is also

quite prevalent. Diabetes is present in approximately 10% of patients. Goldman

et al [9] and several others have published risk indexes to account for the

multifactorial risks associated with aortic aneurism and chances of cardiac com-

plications in a postoperative period. Goldman et al identified independent pre-

dictors such as age, previous myocardial infarction, S3 gallop, jugular–venous

distention, aortic stenosis, cardiac dysrhythmias, the presence of other general

medical problems such as electrolyte or blood gas disturbances, and whether the

surgery was an emergency and the anatomic location of the surgery (either above

or below the diaphragm). Goldman’s risk index has proven to be a useful

screening method for predicting patients who require further cardiac evaluation.

However, newer strategies for screening patients continue to be developed (see

articles elsewhere in this issue for further exploration of this topic). Patients who

have cardiac conditions have been shown to have fewer cardiac complications

in the perioperative period when they are given b-blockers or their b-blocker
prescriptions are continued perioperatively [10–12]. Many b-blockers have been
tested, and any b-blocker will reduce the incidence of cardiac morbidity and



T.S.J. Shine, M.J. Murray / Anesthesiology Clin N Am 22 (2004) 289–305 291
mortality in patients who have proven coronary disease and are undergoing

vascular surgery [13–16]. b-blockade can be used to maintain as low a heart

rate as possible in patients undergoing anesthesia and may be continued in the

postoperative period to maintain a stable, low heart rate. Hypertensive patients

should receive their antihypertensive medications throughout the perioperative

period [17–19]; and b-blockers and clonidine should not be withdrawn from the

patient because b-blockers have been shown to reduce the incidence of periopera-
tive myocardial ischemia.

Although Goldman’s risk index has proven to be a useful screening method

for predicting patients who require further cardiac evaluation, the American Heart

Association and the American College of Cardiologists have developed guide-

lines [20] for stratifying patient risk for cardiac morbidity (Fig. 1). This pre-

operative risk assessment technique is based on clinical predictors, the degree

of risk associated with the particular surgery, and the patient’s functional status.

The major clinical predictors are unstable coronary syndrome, decompensated

congestive heart failure, significant arrhythmias, and severe valvular disease. The

intermediate predictors are mild angina, previous myocardial infarction (shown

by history or electrocardiogram [ECG]), compensated or previous congestive

heart failure, diabetes mellitus, and renal insufficiency. Aortic and major vascu-

lar surgeries are included in the high-risk surgery group. Functional capacity is

measured with metabolic equivalence, which is the oxygen consumption of a

70-kg person in an arresting state. A functional status of excellent is the patient’s

capacity to perform exercises requiring greater than 7 metabolic equivalencies,

such as jogging a 10-minute mile; a moderate status would be considered the

ability to climb one flight of stairs, and poor would be a patient considered unable

to perform simple tasks such as vacuuming. The indications, then, for further

cardiac evaluation are the presence of a major clinical or intermediate clinical

predictor with poor functional status, having high-risk or intermediate-risk

surgery. In this situation, noninvasive testing is recommended and, if test results

are positive, then to proceed to coronary angiography. Subsequent care is dictated

by the results of the coronary angiogram [20,21].

Noninvasive testing is performed with exercise stress ECG. If the patients

are able, they undergo exercise to obtain a maximal heart rate, and the ST seg-

ment is evaluated. In patients who cannot exercise, pharmacologic stress such as

dobutamine administration is used to obtain a maximal heart rate. Eighty percent

of maximal prediction, ST segment analysis, and segmental wall motion ab-

normalities using ECG are used to evaluate areas of inadequate coronary per-

fusion. Patients who are able to attain an 85% maximal heart rate during stress

ECG without changes in the ST segment are at a lower risk for perioperative

cardiac morbidity [22–24].

A standard echocardiographic examination measures left ventricular ejection

fraction, regional wall motion, and valvular function. The left ventricular func-

tion, as measured by the ejection fraction, may not reflect the true left ventricular

function because of loading conditions present at the time of measurement of the

ejection fraction. In one study, dobutamine stress echocardiogram was found to
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be the best predictor of cardiac morbidity and risk of a cardiac event. Radio-

nuclide ventriculography can also be used as an independent predictor of pre-

operative cardiac morbidity [25,26]. This test provides an accurate evaluation of

left ventricular function, either with exercise or during rest. An ejection fraction

less than 35% was associated with a 75% rate of perioperative myocardial

infarctions, whereas an ejection fraction greater than 35% was associated with a
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20% rate. Finally, Hertzer et al [27] examined patients who required vascular

surgery and performed cardiac catheterization on 1000 of them to determine the

incidence and severity of CAD. They found that only 8.5% of the patients had

normal coronary arteries, and 60% had advanced coronary lesions with greater

than 70% stenosis. Patients were offered coronary artery bypass grafting if they

had severe CAD. Patients with mild to moderate CAD went on to have vascular

surgery. Late mortality (greater than 5 years) was much higher in patients who

did not undergo preoperative cardiac catheterization than those who did. It is

important to recognize from Hertzer et al’s study that the risk of concomitant

CAD in patients with vascular atherosclerotic disease is high. Frequently, patients

with vascular disease require urgent surgery, and an adequate cardiac workup

cannot be completed. CAD should always be suspected in these patients.

Pulmonary insufficiency is another frequent comorbidity because of the high

prevalence of cigarette smoking [28]. In patients with chronic obstructive pul-

monary disease, a baseline preoperative measure of arterial blood gas on room air

can be useful. A room air PaCO2 level of greater than 45 mm Hg indicates a high

risk for morbidity. The use of epidural anesthetics for postoperative analgesia has

helped to decrease the incidence of postoperative respiratory complications. The

risk of renal dysfunction in this population is high for a number of reasons. First,

patients may be hypertensive or diabetic or may have some renal artery

atherosclerosis. Second, the contrast material used for imaging is also nephro-

toxic. Third, aortic cross clamping affects renal artery blood flow, either through

direct interruption of flow or through thromboembolic events. Decreased intra-

vascular volume and cardiac output also negatively affect renal function.
Monitoring

The ultimate goal of monitoring is to preserve the physiologic function of

all organ systems while the aorta is being cross clamped, so patients should

be monitored for myocardial ischemia, cardiac rate and rhythm, hemodynamics

that include beat-to-beat blood pressure and intravascular filling pressure, and

ventricular function. The ECG is the most common means for monitoring heart

rate, rhythm, and myocardial ischemia. ECG leads 2 and 5 are commonly moni-

tored because most ischemia occurs infralaterally. Pulmonary artery occlusion

pressure (PAOP) has been used for monitoring myocardial ischemia, and an

increase of 4.0 mm Hg or greater in PAOP has been associated with myocar-

dial ischemia [29]. Subendocardial ischemia results in a depression of the ST

segment in the ECG, and transmural ischemia results in ST segment elevation

in the lead(s) facing the injury, with ST segment depression in other leads.

Left ventricular dysfunction and left ventricular pressure elevation are other

cardiac disorders that manifest themselves during aortic surgery. Transesophageal

echocardiography (TEE) is thought to be the most sensitive means for monitoring

cardiac function. Ischemia is characterized by decreased ventricular wall thick-

ening during systole and segmental wall motion abnormalities. These changes are
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believed to occur earlier than the ECG changes. The pulmonary arterial changes

associated with ischemia are believed to occur later than TEE changes, and they

are either an increase in PAOP of 4 mm Hg or greater [30] or changes in the

waveform of the pulmonary artery pressure tracing. Cross clamping of the aorta

causes an increase in afterload on the left ventricle. In this case, either TEE or

continuous cardiac output with pulmonary artery pressures are useful monitors;

TEE is probably more useful but requires continual monitoring to detect regional

wall motion abnormalities.

When the aorta is cross clamped, lower extremities should not be warmed

because they have a higher metabolic rate than can be supported during aortic

cross-clamping; therefore, an upper-body warming blanket should be placed

(avoiding the surgical site), whereas lower-body warming devices should not be

used until after the aortic cross clamp has been removed. Bladder and esophageal

temperatures are good assessments of core temperatures; however, bladder tem-

peratures are not accurate during cross clamping.
Temperature monitoring

Hyper- and hypothermia are associated with adverse physiologic effects

[17,31]. Hyperthermia is associated with an increased metabolic rate and spinal

cord ischemia, whereas hypothermia, which is associated with decreased meta-

bolic rate, is protective of neural tissue but associated with coagulopathy and

infectious complications. The goal is to maintain a core temperature in the range

of 35� to 37�C, usually by using a forced-air warming blanket.

Hemodynamic monitoring is best achieved through the use of indwelling

arterial lines. There are large amounts of blood lost and much third-spacing

of fluid associated with aortic cross clamping. To monitor beat-to-beat blood

pressure and to sample arterial blood gases, an indwelling arterial catheter should

be placed. During thoracoabdominal aortic aneurysm (TAAA) surgery, a right ra-

dial arterial catheter frequently is placed because blood flow to the left subclavian

can be altered by proximal aortic cross clamping, so measurements in a left-sided

radial arterial line may be inaccurate. Frequently, a distal arterial catheter is

placed during these operations, usually in the right dorsalis pedis artery. A central

venous line provides both the means for crystalloid or colloid administration

and for measuring intravascular pressures. Either central venous pressure (CVP)

can be measured or a pulmonary artery catheter (PAC) can be placed, which

enables monitoring of PAOP as an indicator of ventricular filling and intra-

vascular volume. Continuous cardiac output can be measured with the PAC al-

lowing hemodynamic trends to be monitored and analyzed.

Patients may require inotropic support, vasoconstrictors, or vasodilators. In-

formation derived from a PAC, including mixed venous oxygen saturation,

cardiac output, cardiac index, stroke volume, systemic vascular resistance, and

pulmonary vascular assistance, is an important aid in guiding titration of this

therapy. Frequently, the PAC is useful in the intensive care unit in guiding



T.S.J. Shine, M.J. Murray / Anesthesiology Clin N Am 22 (2004) 289–305 295
postoperative management [32]. We routinely use a PAC, frequently inserting an

8 F AVA large-volume infusion line through which the PAC is inserted.
Monitoring of evoked potentials

During TAAA surgery, the most dreaded complication is paraplegia secondary

to inadequate perfusion, which results in a loss of motor neurons in the anterior

portion of the spinal cord. There is no ideal monitor for spinal cord ischemia,

although several institutions believe that monitoring evoked potentials may be of

benefit [33]. Loss of motor-evoked potentials (MEPs) during aortic cross clamp-

ing is associated with paraplegia. If there is a change in latency or amplitude of

the MEPs or somatosensory-evoked potentials (SSEPs) after the aorta is cross

clamped, two strategies are suggested: move the aortic cross clamp to allow for

greater perfusion of intercostal arteries and drain cerebrospinal fluid (CSF), which

may improve spinal cord perfusion. To monitor MEPs, the dose of neuromuscular

blocking agents must be limited to maintain compound motor action potential at

approximately 10% of baseline. We have evaluated the use of MEPs and found a

correlation with paraplegia if used within 10 minutes of cross clamping.
Anesthetic management of aortic aneurysms

Abdominal aortic aneurysms

Airway management of patients undergoing abdominal aortic aneurysm sur-

gery may require the placement of a tracheal tube. In addition to routine monitors,

a radial artery catheter and a central venous line, with or without a PAC, should

be placed. Two large-bore peripheral intravenous lines are required for intravas-

cular volume management.

The selection of anesthetic agents can be determined by the anesthesiologist,

whose goal is to balance oxygen supply–demand ratio throughout the procedure.

Thiopental, propofol, and etomidate have been used as induction agents; opioids

such as fentanyl, morphine, and sufentanil have been administered for analgesia.

Isoflurane is the preferred inhalation agent. Hepatic and renal functions influence

the choice of neuromuscular blocking agent. Neuromuscular blocking agents

that are not eliminated through the kidneys should be used in patients with renal

dysfunction, for example atracurium or cisatracurium. If pancuronium is to be

used, its vagolytic properties should be blunted with prior administration of fen-

tanyl. Agents available for blunting hemodynamic response, such as esmolol,

sodium nitroprusside, nitroglycerin, phenylephrine, and short-acting b-blockers
such as esmolol, should be available for bolus and continuous infusion adminis-

tration, as needed.

Using a combination of general and epidural anesthesia remains controversial

[34–37]. Epidurals have been found to produce more severe hypotension at the
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time of cross clamping, with a requirement for more fluid and vasopressors in

patients whose epidural anesthesia is running during the cross-clamp time. Some

clinicians have avoided using epidural local anesthetics until after the cross clamp

is removed, injecting only opioids before declamping. Yeager et al [38] compared

the outcomes in patients who had general anesthesia and found that those who

had epidural anesthesia in the postoperative period experienced fewer cardiovas-

cular and infectious disease complications and lower medical care costs than

those who received only general anesthesia without postoperative epidural.

However, it appears that earlier extubation can be achieved in patients who have

an epidural for analgesia. Attenuation of the adrenergic response with a lower

incidence of hypertension in the postoperative period has also been found by

Breslow [39] in patients who have an epidural.
Effects of aortic cross clamping

When the aorta is cross clamped, the degree of cardiovascular and systemic

effects depends on the level at which the cross clamp is applied. Mean arterial

pressure above the clamp increases up to 40% of baseline. This occurs at the

same time that cardiac output and global ventricular function deteriorate. CVP,

mean pulmonary artery pressure, and PAOP all increase between 30% and 50%

over baseline [40]. Heart rate and ventricular stroke volume are unchanged.

Ejection fraction decreases by 38% during cross clamping [40]. There is also an

increase in left ventricular systolic and end diastolic pressures and an increase in

wall motion abnormalities [41]. The increases in filling pressures, PAOP, and

CVP are the result of blood volume redistribution during cross clamping. There is

also an increase in intracranial pressure because of proximal hypertension. Blood

pressure below the clamp decreases by up to 80%, and hepatic and renal blood

flows and urine output are severely reduced with a resultant increase in serum

lactate production and development of metabolic acidosis. Low-dose dopamine

and the use of fenoldopam, a dopamine-1 agonist, have been used to try to

improve renal blood flow. Fenoldopam has been found to lower blood pressure

and maintain renal blood flow and urine output and to decrease the instance of

renal failure in patients undergoing aortic surgery [42,43]. Mannitol and furose-

mide have also been administered to stimulate urine output.

Before aortic declamping, the patient should be prepared for the side effects of

reperfusion. Blood and fluid loss should be replaced, with the ‘‘goal’’ of

normalizing preload levels before declamping. As the lower extremities are re-

perfused, the washout of vasoactive and negative inotropic mediators from is-

chemic tissue will increase lactic acid load and oxygen-free radicals, with release

of cytokines and myocardial depressant factors [5]. The patient’s volume status

should be optimized with blood, albumin, or crystalloid, based on interpretation

of the CVP, PAOP, blood pressure, and clinical judgment. The FIO2 should be

increased to 100% if the patient is not already receiving 100% oxygen. The

concentration of inhalation anesthetic agent should be reduced because it has a



T.S.J. Shine, M.J. Murray / Anesthesiology Clin N Am 22 (2004) 289–305 297
potential cardiac depressant effect. Epinephrine, phenylephrine, sodium bicar-

bonate, and calcium chloride should be available just before the release of the

cross clamp, as well as 500 mg of calcium chloride, with enough volume loading

to maintain an adequate CVP or PAOP. The aortic cross clamp can be gradually

released and reapplied or the aorta compressed manually by the surgeon if sig-

nificant hypotension occurs. Sodium bicarbonate can be given to counteract

the effect of the lactic acid load from the lower extremities based on arterial

blood gas drawn before declamping. Blood pressure can be supported with 50- to

100-mg boluses of neosynephrine, or epinephrine can counteract vasodilatory

effects of cytokines and myocardial depressant factors. Attention should be given

to coagulation abnormalities in the post–cross-clamp period. At this time, the use

of TEE to evaluate segmental wall motion abnormalities can be useful and help

the anesthesiologist to evaluate and maintain the patient’s cardiac function.
Anesthetic management for thoracoabdominal aneurysms

Cause and classification of thoracic aneurysms

A thoracoabdominal ‘‘aneurysm’’ may be a true aneurysm or a false aneurysm.

A false aneurysm has a normal internal diameter with a dissected channel that

causes a dilated aorta, and a true aneurysm is dilation from one endothelial wall

to the other. Crawford and DeNatale [44] classified TAAAs based on the ana-

tomic location (Fig. 2). Type I involves the descending thoracic aorta below the

subclavian vessels and the upper abdominal aorta. Type II involves most of the

descending aorta and most of the abdominal aorta below the diaphragm. Type III

involves the lower portion of the thoracic aorta. Type IV aneurysms begin at the
Fig. 2. Crawford’s classification of thoracoabdominal aortic aneurysms and incidence of paraplegia.
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diaphragm and extend caudally. Type II and III TAAAs are the most difficult

to repair. Type II aneurysms have the highest risk for spinal cord injury and re-

nal failure.

Paraplegia is the most devastating complication of surgical repair of the

TAAA. The incidence varies from 5% to 40%. The incidence of paraplegia varies

with the Crawford classification: 8% in Crawford Type I, 21% in Crawford

Type II, 2% in Crawford Type III, and 1% in Crawford Type IV [44]. Post-

operatively, approximately 6% of patients have some degree of renal failure and

require dialysis [45]. The anesthetic strategies for repair of TAAAs that have been

advocated include (1) the use of extracorporeal circulatory support, (2) spinal

cord monitoring, (3) spinal cord protection, and (4) hemodynamic monitoring and

airway and ventilator support, both intraoperatively and postoperatively.

Coordination with the blood bank is important to assure availability of

adequate supplies of packed red blood cells and blood component factors, such

as fresh frozen plasma and platelets. Laboratory services also should be available

for immediate testing of blood for electrolytes, hemoglobin, coagulation function,

and arterial blood gases. After induction of general anesthesia, a double-lumen

endotracheal tube is often placed to facilitate exposure with collapse of the left

lung and one-lung ventilation. A left-sided double-lumen endotracheal tube is

most commonly used. Using a right-sided tube adds a risk of occlusion of the

right upper lobe bronchus. However, a right-sided tube may be placed if the

aneurysm is large enough to compress the left mainstem bronchus. An alternative

method to collapse the left lung includes the use of a single-lumen tracheal tube

incorporating an endobronchial blocker. The choice of lung isolation method

will usually be determined by the skill of the operator. The double-lumen tube

will have to be exchanged for a single-lumen tracheal tube at some point in the

postoperative period. This is a high-risk procedure depending on the degree of

facial swelling. The use of endobronchial blockers provides an advantage in

that they can be withdrawn, leaving a single-lumen tube in place for post-

operative ventilation.

The spinal cord can be monitored with MEPs and SSEPs. Patients are at high

risk of spinal cord injury if latency is increased or if amplitude is decreased or lost

after 10 minutes of cross clamping. If possible, the surgeon may want to move or

readjust the cross clamp, or the proximal blood pressure can be increased to

provide increased perfusion of the cord through collateral arteries. SSEPs moni-

tor only posterior column function and are, therefore, not as good for detect-

ing anterior column ischemia. Anesthetics can interfere with MEP monitoring.

There are different surgical techniques for repairing TAAAs. Some surgeons use

a ‘‘clamp-and-sew’’ technique with rapid surgical repair to limit the amount of

ischemic time, whereas others use extracorporeal support. As the duration of the

cross-clamp time is the most important determinant of spinal cord injury, it is

vitally important to restore distal aortic flow within 30 minutes. Such a short

cross-clamp time is associated with very little spinal cord injury [46,47], and

as the cross-clamp time increases to greater than 30 minutes, the incidence of

paraplegia increases [48,49]. The most commonly used bypass procedure is a
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partial bypass in which oxygenated blood from the left atrium is passed to the left

iliac artery. Frequently, oxygenators are not used in this type of bypass because

only the left heart is bypassed. During this left-heart bypass, monitoring blood

pressure above and below the aortic cross clamp is necessary. Intravascular

volume and pump flow are regulated to achieve adequate flow proximal and

distal to the cross clamp (Figs. 3 and 4).

The anesthesiologist and the perfusionist must work cooperatively to maintain

adequate filling pressure of the heart while providing blood flow to the lower

aorta. When the aneurysm involves the aortic arch, deep hypothermic circulatory

arrest is used. In that case, the femoral artery is cannulated, and deep hypothermic

circulatory arrest is used, with the patient cooled to 18�C. Sometimes antegrade

selective cerebral perfusion with cold oxygenated blood is added, extending the

safe ischemic time of the brain. Deep hypothermic circulatory arrest allows for a

surgical field that is bloodless for the proximal aortic anastomosis and, after

this anastomosis is finished, full cardiopulmonary bypass can be reinstituted to

complete the other anastomosis. Surface cooling of the patient’s head with ice

packs and before deep hypothermic circulatory arrest is sometimes used. Pen-

tothal and steroids are given to provide some measure of cerebral protection.

The anesthesiologist should choose monitoring techniques and anesthetic

agents with which he or she is most familiar. Controlled intravenous induction
Anterior spinal
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Internal spinal
arteries

Posterior spinal
arteryPosterior radicular

artery

Spinal ramus
artery

Anterior radicular
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Fig. 3. Cross section of the distal thoracic cord with blood supply. (Reproduced with permission from

the Mayo Foundation.)
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Fig. 4. Cross section of a human torso showing the origin of the anterior spinal artery from cervical

radicular arteries. The anterior spinal artery, through its course to the conus, receives additional blood
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ischemia leading to the development of paraplegia postoperatively (Reproduced with permission from

The Mayo Foundation.)
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with hemodynamic stability to avoid stress on the aneurysm wall is preferred.

CSF drainage can be used to improve spinal cord perfusion during thoracic an-

eurysm repair. Spinal cord perfusion pressure is defined as distal mean aortic

pressure minus cerebral spinal pressure or CVP, whichever is greater. Drainage

of CSF is believed to help by keeping the increase in CSF pressure as low as

possible. When the aortic cross clamp is applied, CSF pressure can increase by

10 to 15 mm Hg. Spinal cord drainage can ameliorate this increase and thus

help maintain spinal cord blood flow.

Hypothermia has also been advocated as a means of neural protection. Nugent

et al [50] and Vacanti and Ames [51] recommend passive hypothermia, which

allows the temperature to drop 32� to 35�C. For every degree centigrade decrease

in temperature, oxygen requirement is reduced by approximately 5% to 7% with
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prolongation of the safe ischemic time [52]. Unfortunately, this degree of pas-

sive hypothermia is associated with a high incidence of coagulopathy [53]. Cam-

bria et al [54] used regional lumbar epidural cooling with good results. Localized

cooling through the artery of Adamkiewicz has also been tried [54,55]. Rewarm-

ing the patient in this situation can be accomplished with the forced-air warmers

with an upper-body blanket. The lower body should not be rewarmed until

perfusion of the legs has been completely restored.

At our institution, we have tried regional lumbar epidural cooling in approxi-

mately 150 patients with no improvement in the incidence of paraplegia [53].

Pharmacologic measures to protect the spinal cord include the uses of barbitu-

rates, corticosteroids, calcium channel blockers, and methyl-D aspartame receptor

antagonists. Magnesium, naloxone, and papaverine have shown some promise in

animal studies and in some preclinical work [56–62].
Anesthetic management of thoracoabdominal aortic aneurysm

After induction of general endotracheal anesthesia, a double-lumen endotra-

cheal tube is usually placed in the left side. If there is a large aneurysm obstruct-

ing the left bronchus, then a right-sided double-lumen tube is placed. Position of

the tube is usually confirmed with bronchoscopy. Bronchial blockers are used

as alternative methods of lung isolation. Before induction, a radial arterial line

usually is placed and then two large bore peripheral intravenous lines and a central

7.5-F, large-bore cordis sheath are placed, through which an oxymetric Swan-

Ganz catheter is placed, allowing continuous monitoring of cardiac output, mixed

venous oxygenation, pulmonary capillary pressures, and left and right ventricular

filling pressures. ATEE probe is placed in the esophagus. The patient is turned on

their side, and CSF drainage is placed in the lumbar region. If epidural cooling is

to be performed at T10 and L3–4, lumbar epidural catheters are placed. The

patient is then placed in the lateral position, left side up, or in a modified lateral

position, depending on the surgeon’s preference.

Anesthetic induction can be accomplished with any of the induction agents;

however, care must be taken not to increase the pressure to avoid rupture of the

aneurysm and also to maintain myocardial oxygen supply–demand ratio in an

adequate range. The level of anesthesia can be maintained according to the an-

esthesiologist’s preference for different techniques, either inhalation or a narcotic,

or a combination of both. If spinal cord monitoring is used, care is to be taken

with the level of inhalation anesthesia and muscle relaxants to avoid loss of the

MEP or SSEP response.
Summary

Managing the anesthesia of patients undergoing open aortic surgical repair is a

great challenge. The anesthesiologist’s role in myocardial, renal, and neurologic
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protection is crucial to the patient’s overall outcome. Each case presents different

challenges, and there is no one right way to manage the patient intraoperatively.
References

[1] Greenhalgh RM, Powell JT. Screening men for aortic aneurysm. A national population screening

service will be cost effective. BMJ 2002;325:1123–4.

[2] The United Kingdom Small Aneurysm Trial Participants. Long-term outcomes of immediate

repair compared with surveillance of small abdominal aortic aneurysms. N Engl J Med 2002;

346:1445–52.

[3] Clouse WD, Hallett Jr JW, Schaff HV, Gayari MM, Ilstrup DM, Melton III LJ. Improved

prognosis of thoracic aortic aneurysms. A population-based study. JAMA 1998;280:1926–9.

[4] Lederle FA, Wilson SE, Johnson GR, Reinke DB, Littooy FN, Archer CW, et al. Immediate

repair compared with surveillance of small abdominal aortic aneurysms. N Engl J Med 2002;

346:1437–44.

[5] Gelman S. The pathophysiology of aortic cross-clamping and unclamping. Anesthesiology 1995;

82:1026–60.

[6] Hallett Jr JW. Management of abdominal aortic aneurysms. Mayo Clin Proc 2000;75:395–9.

[7] Morrissey NJ, Hollier LH. Anatomic exposures in thoracoabdominal aortic surgery. Semin Vasc

Surg 2000;13:283–9.

[8] Eagle KA, Brundage BH, Chaitman BR, Ewy GA, Fleisher LA, Hertzer NR, et al. Guidelines for

perioperative cardiovascular evaluation for noncardiac surgery: report of the American College

of Cardiology/American Heart Association Task Force on Practice Guidelines (Committee on

Perioperative Cardiovascular Evaluation for Noncardiac Surgery). J Am Coll Cardiol 1996;27:

910–48.

[9] Goldman L, Caldera DL, Nussbaum SR, Southwick FS, Krogstad D, Murray B, et al. Multifac-

torial index of cardiac risk in noncardiac surgical procedures. N Engl J Med 1997;297:845–50.

[10] Wallace A, Layug B, Tateo I, Li J, Hollenberg M, Browner W, et al. Prophylactic atenolol

reduces postoperative myocardial ischemia. Anesthesiology 1998;88:7–17.

[11] Poldermans D, Boersma E, Bax JJ, Thomson IR, van de Ven LL, Blankensteijn JD, et al. Dutch

Echocardiographic Cardiac Risk Evaluation Applying Stress Echocardiography Study Group.

The effect of bisoprolol on perioperative mortality and myocardial infarction in high-risk patients

undergoing vascular surgery. N Engl J Med 1999;341:1789–94.

[12] Mangano DT, Layug EI, Wallace A, Tateo I, Multicenter Study of Perioperative Ischemia

Research Group. Effect of atenolol on mortality and cardiovascular morbidity after noncardiac

surgery. N Engl J Med 1996;335:1713–20.

[13] Boersma E, Poldermans D, Bax JJ, Steyerberg EW, Thomson IR, Banga JD, et al, Dutch

Echocardiographic Cardiac Risk Evaluation Applying Stress Echocardiograph (DECREASE)

study group. Predictors of cardiac events after major vascular surgery. JAMA2001; 285:1865–73.

[14] Stone JG, Foex P, Sear JW, Johnson LL, Khambatta HJ, Triner L. Myocardial ischemia in

untreated hypertensive patients: effect of a single small oral dose of a beta-adrenergic blocking

agent. Anesthesiology 1988;68:495–500.

[15] Raby KE, Brull SJ, Timimi F, Akhtar S, Rosenbaum S, Naimi C, et al. The effect of heart rate

control on myocardial ischemia among high-risk patients after vascular surgery. Anesth Analg

1999;88:477–82.

[16] Urban MK, Markowitz SM, Gordon MA, Urquhart BL, Kligfield P. Postoperative prophylac-

tic administration of b-adrenergic blockers in patients at risk for myocardial ischemia. Anesth

Analg 2000;90:1257–61.

[17] Murray MJ, Bower TC, Oliver Jr WC, Werner E, Gloviczki P. Effects of cerebrospinal fluid

drainage in patients undergoing thoracic and thoracoabdominal aortic surgery. J Cardiothorac

Vasc Anesth 1993;7:266–72.

[18] Lette J, Waters D, Lassone J, Rene P, Picard M, Laurendeau F, et al. Multivariate clinical models



T.S.J. Shine, M.J. Murray / Anesthesiology Clin N Am 22 (2004) 289–305 303
and quantitative dipyridamole-thallium imaging to predict cardiac morbidity and death after

vascular reconstruction. J Vasc Surg 1991;14:160–9.

[19] Stone JG, Foex P, Sear JW, Johnson LL, Khambatta HJ, Triner L. Myocardial ischemia in

untreated hypertensive patients: effect of a single small oral dose of a beta-adrenergic blocking

agent. Anesthesiology 1988;68:495–500.

[20] ACC/AHATask Force Report. Special report: guidelines for perioperative cardiovascular evalua-

tion for noncardiac surgery. Circulation 1996;93:1278–317.

[21] Eagle KA, Berger PB, Calkins H, Chaitman BR, Ewy GA, Fleischmann KE, et al. ACC/AHA

Guideline update for perioperative cardiovascular evaluation for noncardiac surgery–executive

summary: a report of the ACC/AHA task force on practice guidelines (Committee to Update the

1996 Guidelines on Perioperative Cardiovascular Evaluation for Noncardiac Surgery). J Am

Coll Cardiol 2002;39:542–53.

[22] Pasternack PF, Grossi EA, Baumann FG, Riles TS, Lamparello PJ, Giangola G, et al. Beta

blockade to decrease silent myocardial ischemia during peripheral vascular surgery. Am J Surg

1989;158:113–6.

[23] Mangno DT. Perioperative cardiac morbidity. Anesthesiology 1990;72:153–84.

[24] Mangano DT, London MJ, Tubau JF, Browner WS, Hollenberg M, Krupski W, et al. Dipyrid-

amole thallium-201 scintigraphy as a preoperative screening test. A reexamination of its predic-

tive potential. Study of Perioperative Ischemia Research Group. Circulation 1991;84:493–502.

[25] Mantha S, Roizen MF, Barnard J, Thisted RA, Ellis JE, Foss J. Relative effectiveness of four

preoperative tests for predicting adverse cardiac outcomes after vascular surgery: a meta-analy-

sis. Anesth Analg 1994;79:422–33.

[26] Pasternack PF, Imparato AM, Bear G, Riles TS, Baumann FG, Benjamin D, et al. The value of

radionuclide angiography as a predicator of perioperative myocardial infarction in patients

undergoing abdominal aortic aneurysm resection. J Vasc Surg 1984;1:320–5.

[27] Hertzer NR, Young JR, Beven EG, O’Hara PJ, Graor RA, Ruschhaupt WF, et al. Late results

of coronary bypass in patients with peripheral vascular disease. II. Five-year survival according

to sex, hypertension, and diabetes. Cleve Clin J Med 1987;54:15–23.

[28] Pasternack PF, Imparato AM, Riles TS, Baumann FG, Bear G, Lamparello PJ, et al. The value

of the radionuclide angiogram in the prediction of perioperative myocardial infarction in patients

undergoing lower extremity revascularization procedures. Circulation 1985;72:13–7.

[29] Kaplan JA, Wells PH. Early diagnosis of myocardial ischemia using the pulmonary arterial

catheter. Anesth Analg 1981;60:789–93.

[30] Vincent J-L, Dhainaut J-F, Perret C, Suter P. Is the pulmonary artery catheter misused? A

European view. Crit Care Med 1998;26:1283–7.

[31] Crawford Jr FA, Sade RM. Spinal cord injury associated with hyperthermia during aortic co-

arctation repair. J Cardiothorac Vasc Anesth 1984;87:616–8.

[32] Vender JS. Resolved: a pulmonary artery catheter should be used in the management of the

critically ill patient. J Cardiothorac Vasc Anesth 1998;12:9–12.

[33] Grundy BL, Nash Jr CL, Brown RH. Arterial pressure manipulation alters spinal cord function

during correction of scoliosis. Anesthesiology 1981;54:249–53.

[34] Her C, Kizelshteyn G, Walker V, Hayes D, Lees DE. Combined epidural and general anesthesia

for abdominal aortic surgery. J Cardiothorac Anesth 1990;4:552–7.

[35] Baron JF, Bertrand M, Barre E, Godet G, Mundler O, Coriat P, et al. Combined epidural and

general anesthesia versus general anesthesia for abdominal aortic surgery. Anesthesiology 1991;

75:611–8.

[36] Davies MJ, Silbert BS, Mooney PJ, Dysart RH, Meads AC. Combined epidural and general

anesthesia versus general anaesthesia for abdominal aortic surgery: A prospective randomized

trial. Anaesth Intensive Care 1993;21:790–4.

[37] Bois S, Couture P, Boudreault D, Lacombe P, Fugere F, Girard D, et al. Epidural analgesia

and intravenous patient-controlled analgesia result in similar rates of postoperative myocardial

ischemia after aortic surgery. Anesth Analg 1997;85:1233–9.

[38] Yeager MP, Glass DD, Neff RK, Brinck-Johnsen T. Epidural anesthesia and analgesia in high-

risk surgical patients. Anesthesiology 1987;66:729–36.



T.S.J. Shine, M.J. Murray / Anesthesiology Clin N Am 22 (2004) 289–305304
[39] Breslow MJ, Jordan DA, Christopherson R, Rosenfeld B, Miller CF, Hanley DF, et al. Epidural

morphine decreases postoperative hypertension by attenuating sympathetic nervous system hy-

peractivity. JAMA 1989;261:3577–81.

[40] Kouchoukos NT, Lell WA, Karp RB, Samuelson PN, et al. Hemodynamic effects of aortic

clamping and decompression with a temporary shunt for resection of the descending thoracic

aorta. Surgery 1979;85:25–30.

[41] Roizen MF, Beaupre PN, Alpert RA, Kremer P, Cahalan MK, Shiller N, et al. Monitoring with

two-dimensional transesophageal echocardiography. Comparison of myocardial function in

patients undergoing supraceliac, suprarenal-infraceliac, or infrarenal aortic occlusion. J Vasc Surg

1984;1:300–5.

[42] Gilbert TB, Hasnain JU, Flinn WR, Lilly MP, Benjamin ME. Fenoldopam infusion associated

with preserving renal function after aortic cross-clamping for aneurysm repair. J Cardiovasc

Pharmacol Ther 2001;6:31–6.

[43] Halpenny M, Rushe C, Breen P, Cunningham AJ, Boucher-Hayes D, Shorten GD. The effects of

fenoldopam on renal function in patients undergoing elective aortic surgery. Eur J Anaesthesiol

2002;19:32–9.

[44] Crawford ES, DeNatale RW. Thoracoabdominal aortic aneurysm: observations regarding the

natural course of the disease. J Vasc Surg 1986;3:578–82.

[45] Svensson LG, Coselli JC, Safi HJ, Hess KR, Crawford ES. Appraisal of adjuncts to prevent acute

renal failure after surgery on the thoracic or thoracoabdominal aorta replacement. J Vasc Surg

1989;10:230–9.

[46] Crawford SE, Crawford JL, Safi HJ, Coselli JS, Hess KR, Brooks B, et al. Thoracoabdominal

aortic aneurysms: preoperative and intraoperative factors determining immediate and long term

results of operations in 605 patients. J Vasc Surg 1986;3:389–404.

[47] Katz NM, Blackstone EH, Kirklin JW, Karp RB. Incremental risk factors for spinal cord injury

following operations for acute traumatic aortic transection. J Thorac Cardiovasc Surg 1981;81:

669–74.

[48] Glovicki P, Bower TC. Visceral and spinal cord protection during thoracoabdominal aortic

reconstructions. Semin Vasc Surg 1992;5:163–73.

[49] Gott VL. Heparinized shunts for thoracic vascular operations. Ann Thorac Surg 1972;14:219–20.

[50] Nugent M, Kaye MP, McGoon DC. Effects of nitroprusside on aortic and intraspinal pressures

during thoracic aortic cross-clamping. Anesthesiology 1984;61:A68.

[51] Vacanti FX, Ames III A. Mild hypothermia and Mg ++ protect against irreversible damage during

CNS ischemia. Stroke 1984;15:695–8.

[52] Frank SM. Thermoregulation. In: Hemmings Jr HC, Hopkins PM, editors. Fundamental Anes-

thesia: Integrated Basic and Clinical Sciences. London: Mosby-Wolfe; 2004, in press.

[53] Murray MJ, De Ruyter ML, Torres NE, Lunn JJ, Harrison BA. Thoracoabdominal aortic aneu-

rysm repair: reducing the incidence of paraplegia. Semin Cardiothorac Vasc Anesth 1999;3:30–3.

[54] Cambria RP, Davison JK, Zannetti S, L’Italien G, Brewster DC, Gertler JP, et al. Clinical

experience with epidural cooling for spinal cord protection during thoracic and thoracoabdomi-

nal aneurysm repair. J Vasc Surg 1997;25:234–41.

[55] Colon R, Fraizer OH, Cooley DA, McAllister HA. Hypothermic regional perfusion for protec-

tion of the spinal cord during periods of ischemia. Ann Thorac Surg 1987;43:639.

[56] Shi RY, Lucas JH, Wolf A, Gross GW. Calcium antagonists fail to protect mammalian spinal

neurons after physical injury. J Neurotrauma 1989;6:261–76.

[57] Lyden PD, Zivin JA, Kochhar A, Mazzarella V. Effects of calcium channel blockers on neuro-

logic outcome after focal ischemia in rabbits. Stroke 1988;19:1020–6.

[58] Baskin DS, Hosobuchi Y. Naloxone reversal of ischaemic neurological deficits in man. Lancet

1981;2:272–5.

[59] Faden AI, Jacobs TP, Holaday JW. Comparison of early and late naloxone treatment in experi-

mental spinal injury. Neurology 1982;32:677–81.

[60] Faden AI, Jacobs TP, Smith MT, Zivin JA. Naloxone in experimental spinal cord ischemia: dose-

response studies. Eur J Pharmacol 1984;103:115–20.



T.S.J. Shine, M.J. Murray / Anesthesiology Clin N Am 22 (2004) 289–305 305
[61] Acher CW, Wynn MM, Archibald J. Naloxone and spinal fluid drainage as adjuncts in the

surgical treatment of thoracoabdominal and thoracic aneurysms. Surgery 1990;108:755–61.

[62] Svensson LG, Grum DF, Bednarski M, Gosgrove III DM, Loop FD. Appraisal of cerebrospinal

fluid alterations during aortic surgery with intrathecal papaverine administration and cerebro-

spinal fluid drainage. J Vasc Surg 1990;11:423–9.


	Intraoperative management of aortic aneurysm surgery
	Anesthesia for aortic aneurysm surgery
	Management of aneurysms
	Surgical management
	Assessment of anesthesia risk for aortic aneurysm surgery
	Monitoring
	Temperature monitoring
	Monitoring of evoked potentials
	Anesthetic management of aortic aneurysms
	Abdominal aortic aneurysms

	Effects of aortic cross clamping
	Anesthetic management for thoracoabdominal aneurysms
	Cause and classification of thoracic aneurysms

	Anesthetic management of thoracoabdominal aortic aneurysm
	Summary
	References

	Intraoperative management of aortic aneurysm surgery
	Anesthesia for aortic aneurysm surgery
	Management of aneurysms
	Surgical management
	Assessment of anesthesia risk for aortic aneurysm surgery
	Monitoring
	Temperature monitoring
	Monitoring of evoked potentials
	Anesthetic management of aortic aneurysms
	Abdominal aortic aneurysms

	Effects of aortic cross clamping
	Anesthetic management for thoracoabdominal aneurysms
	Cause and classification of thoracic aneurysms

	Anesthetic management of thoracoabdominal aortic aneurysm
	Summary
	References


