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INTRODUCTION 

Nearly one of every three patients undergoing noncardiac surgery is at increased risk for 
cardiovascular complications. It is estimated that annually in the USA over a million 
patients, undergoing noncardiac surgery will have cardiac related death, myocardial 
infarction, acute coronary syndrome or congestive heart failure associated with a cost of 
in-hospital perioperative morbidity in access of $10 billion [1]. With the increasing age of 
the patient population, serious coexisting medical conditions are found more frequently 
in patients undergoing complex surgical procedures. In 1995 it was estimated that over 
the next three decades, the number of patients over the age of 65, who will undergo 
noncardiac surgery, will increase from 7 to 14 million, and the number of surgical 
procedures will increase from 28 to 40 million annually [2]. 

In most cardiac patients undergoing noncardiac surgical procedures, adverse cardiac 
outcomes arise from the presence of coronary artery disease. Pooled data from a total 
population of 46,425 patients suggests the risk of perioperative myocardial infarction is 
0.15 percent in patients without prior clinical evidence of heart disease and ranges from 
2.8 to 17.7 percent (mean, approximately 6 percent) in patients who have had a prior 
myocardial infarction [3]. 

Provided appropriate perioperative cardiovascular evaluation and recommendations 
occur before noncardiac surgery even in high risk patients a favorable outcome can 
occur with excellent anesthesia, surgery, and postoperative care [4, 5]. 

PREDICTORS OF ADVERSE EVENTS 

A. Major Adverse Events 

The major cardiovascular perioperative adverse events associated with noncardiac 
surgery include myocardial infarction, heart failure or death [ 4, 5] and the major 
predictors of these events are the presence of: 

1. Unstable coronary syndromes (recent myocardial infarction, unstable 
or severe angina). 

Elective surgery should be postponed until the patients functional status has 
improved and ischemic symptoms are stabilized. If these patients must undergo 
noncardiac surgery then consideration should be given to hemodynamic monitoring. 
If the surgery is a high risk vascular procedure then the patient may benefit from an 
intra-aortic balloon pump. Sometimes simultaneous procedures are performed e.g. 
carotid endarterectomy and coronary artery bypass surgery. The risk of perioperative 
reinfarction is inversely related to the time interval between the preoperative 
myocardial infarction and the noncardiac surgery [6-8]. 
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2. Decompensated heart failure. 

Patients with a history of congestive heart failure are at increased risk for 
perioperative volume overload and other major cardiovascular complications [9] . 
Patients who are not in heart failure but have a history of heart failure have about a 
6% risk of acute pulmonary edema. The management of patients who are at high 
risk for postoperative pulmonary edema may be improved by perioperative 
monitoring with a pulmonary artery catheter. 

3. Significant arrhythmias (high-grade atrial ventricular block, 
symptomatic ventricular arrhythmias with underlying heart disease 
and supraventricular arrhythmias with an uncontrolled ventricular 
rate). 

Perioperative non-sustained ventricular tachycardia or frequent ventricular ectopy 
occurs in up to 45% of patients with known coronary artery disease, or at high risk 
for coronary artery disease, undergoing major noncardiac procedures including 
thoracic procedures. However, in the absence of significant myocardial ischemia or 
ventricular dysfunction, these arrhythmias are not associated with an increased risk 
of adverse outcomes [10, 11]. The presence of ventricular arrhythmias or cardiac 
conduction disturbances may lead to an evaluation of underlying cardiopulmonary 
disease, drug toxicity or metabolic abnormalities. Since asymptomatic non-sustained 
ventricular tachycardia and frequent premature beats are not associated with an 
increased risk of perioperative myocardial infarction or cardiac death, aggressive 
monitoring or treatment in the perioperative situation is usually not indicated [12] . 
Atrial fibrillation remains a frequent complication of noncardiac thoracic surgery [13] 
and remains a challenge if the patient has significant cardiac dysfunction and if 
perioperative ventricular rate control is poor. Indications for treatment of 
symptomatic ventricular or atrial arrhythmias and for cardiac pacing are identical to 
those in the non-operative setting. Implantable cardioverter defibrillators should be 
programmed "off" immediately before surgery and then "on" again post operatively 
with the help of Cardiology. 

4. Severe valvular heart disease (especially aortic stenosis). 

Patients with significant preoperative valve disease have about a 20% risk for new, 
or worse, heart failure developing in the perioperative period. Severe aortic stenosis 
is the most important lesion to detect and carries a perioperative mortality as high as 
13% [14-16]. Selected patients with significant aortic stenosis who are not 
candidates for, or refuse, aortic valve replacement, can undergo noncardiac surgery 
with acceptable risks with appropriate intraoperative and post-operative 
management [17]. However, aortic stenosis is associated with increased 
perioperative myocardial infarction and mortality compared with patients without 
aortic stenosis and the peri-operative risk is directly proportional to the severity of 
aortic stenosis [14, 15, 18]. 
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In addition to identifying the presence of these four major predictors of adverse 
outcome, it is essential to take into consideration the age of the patient, the patient's 
functional capacity, and existing comorbid conditions (examples: diabetes mellitus, 
peripheral vascular disease, renal dysfunction and chronic pulmonary disease). In 
addition, the type of surgery contemplated and the urgency of the procedure are 
important determinants of outcome. 

When preoperative evaluation reveals the presence of any one of the major predictors 
of perioperative adverse outcomes (i.e. unstable coronary syndromes, decompensated 
heart failure, significant arrhythmias or severe valvular heart disease) then the following 
steps should be considered: 

1. The noncardiac surgery should be delayed or canceled . 
2. An assessment of ventricular function should occur. 
3. Coronary angiography might be considered. 
4. A period of intense medical management or risk factor modification 

should occur and decisions for noncardiac surgery should be dictated by 
investigator findings and the results of medical treatment 
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B. Intermecliate and Minor Predictors of Adverse Events [5] 

Clinical Predictors of Perioperative Myocardiallnfaction, Heart Failure or Death 

Intermediate 
Mild angina 
Prior myocardial infarction 
Compensated heart failure 
Diabetes 
Renal insufficiency 

Minor or None 
Advanced age 
Abnormal ECG 
"Non" sinus rhythm 
Low functional capacity 
History of stroke 
Uncontrolled hypertension 

In patients with coronary artery disease, the most important determinant of long-term 
survival is the accumulative amount of myocardial dysfunction that has accrued. As a 
prognostic indicator, this is more important than the extent and severity of coronary 
artery disease. In patients with intermediate, minor or no clinical predictors of adverse 
perioperative cardiovascular outcomes, but who are at high risk for coronary artery 
disease or have known coronary artery disease, both an assessment of ventricular 
function and functional capacity provide important information which will assist in the 
evaluation of surgical risk, and the need for either noninvasive or invasive stress testing. 
Conversely, in stable patients without significant clinical predictors of adverse outcomes, 
the presence of normal or mildly impaired ventricular function, or a reasonable 
functional capacity usually indicates a low risk of perioperative morbidity and mortality 
and obviates the need for further noninvasive or invasive testing as a prelude to 
noncardiac surgery. 
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NONINVASIVE TESTING 

The resting 12-lead electrocardiogram is not a predictor of adverse perioperative 
cardiovascular events in low-risk patients but in higher risk situations pathological Q 
waves and high-grade atrioventricular block are clinical predictors of increased 
perioperative and long-term cardiovascular risks. 

There is no evidence that the routine use of exercise electrocardiography or other 
noninvasive tests for myocardial ischemia improve perioperative care or reduce 
morbidity and mortality of noncardiac surgery. However, noninvasive testing for 
myocardial ischemia should be considered for patients with a high probability of 
coronary disease if risk stratification has not been performed in the last few years or 
there has been a change in the patient's symptomatic status. Perfusion imaging scans 
are useful to stratify patients into "low-risk normal" and graded risk "abnormal" 
categories with the number of fixed and perfusion defects contributing to prognostic 
information. In evaluating the results of perfusion scans diabetics have a worse 
prognosis than nondiabetics at any level of abnormality and diabetic women seem to be 
at greatest risk for any level of abnormality [19-21]. 

Noninvasive tests using pharmacologic echocardiographic or nuclear tests are commonly 
performed in patients undergoing major orthopaedic or vascular surgery. While in these 
patient populations negative tests are associated with a low risk for major cardiac 
complications there is a clear consensus, reflected in available guidelines, that these 
tests should not be used routinely as a part of the preoperative evaluation. The reason 
for this is that the tests are all relatively sensitive at detecting coronary artery disease; 
however, most stable patients with coronary artery disease actually have an excellent 
prognosis with noncardiac surgery, i.e., the vast majority of patients with abnormal test 
results will not have perioperative complications at the time of noncardiac surgery. 
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TYPES OF SURGERY 

In terms of the risk of myocardial infarction or death associated with surgical procedures 
they can be categorized as high risk (>5%), medium risk ( <5%), and low risk ( <1 %). 

High Surgical Medium Surgical Low Risk< 1% 
Risk> 5% Risk<-5% 

e.m.g.ICY. lnlfelr, Intra-peritoneal or Intra-thoracic Cataract 
•pe~ln~ 

Aalto .... Ollllr "'*' Prostate surgery Endoscopy 
VMCU!Weua-y 
~lphel .. ~ Carotid endarterectomy Breast surgery 

Ma-Y 
Procedwee ... llltge Orthopedic surgery Superficial 

IIUid lhiM or btood lou Procedure (Mohs' 
Surgery) 

Head and neck surgery 

Not surprisingly, emergency major surgery especially in the elderly, and particularly if 
associated with large fluid shifts or blood loss, are the highest risk procedures that 
patients undergo. For urgent or elective procedures, major vascular surgery consistently 
is a high risk procedure and this is usually related to co-existent coronary artery disease. 
In 100 patients with, or at risk for, coronary artery disease it was demonstrated that 
perioperative myocardial ischemia was common (28% of patients), anesthesia and 
surgery were not associated with increased incidence or severity of ischemia, but 
ischemia was most frequent and severe post-operatively. Post-operative ischemia is 
often silent when chronic tachycardia is present [22]. 

Data from a 1,000 coronary angiograms, performed in patients undergoing peripheral 
vascular procedures at the Cleveland Clinic, revealed that approximately 66% of such 
patients have significant coronary artery disease and 30-40% have abnormal left 
ventricular function [23]. Indeed, in a Veterans Affairs Medical Center population of 
1400 men over the age of 40 undergoing major, non-emergency, noncardiac surgery, 
patients with known coronary artery disease had a perioperative myocardial infarction 
rate of 4.1% which was four times higher than in patients without coronary artery 
disease or with abnormal risk factors. However, except for patients with a low risk 
factor profile who had a perioperative mortality of 1.2%, all other patients had a 
mortality between 3 - 4%. The risk factors for a perioperative acute myocardial 
infarction included age greater than 75 years, clinical heart failure, known coronary 
artery disease and vascular surgery [24]. 
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Abdominal Aortic Aneurysm Surgery 

Patients undergoing major vascular procedures, particularly abdominal aortic aneurysm 
surgery have an elective cardiac complication rate between 10% and 12% [25]. The 
University of Leiden has developed a risk model for the preoperative assessment of 
mortality for elective, abdominal aortic aneurysm surgery which has been validated [26, 
27]. 

A prediction rule was developed based on 246 patients in Leiden undergoing primary, 
elective surgery for abdominal aortic aneurysm and a survey of the literature from 1980 
to 1994 [27]. Prognostic factors were found to be age (per decade), female gender, a 
history of myocardial infarction, heart failure, electrocardiographic ischemia (>2 mm ST 
segment change), renal dysfunction and pulmonary dysfunction. Using this risk model 
and with knowledge of the center specific, average surgical mortality for elective 
abdominal aortic aneurysm surgery, the probability estimate of mortality associated with 
elective aortic aneurysm surgery can be made. 
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CLINICAL INDEX FOR PREDICTION OF MAJOR CARDIAC COMPLICATIONS 

A cardiac risk index was developed by Goldman, et. al, in the 1970s based on 
prospectively collected data on 1,001 patients undergoing noncardiac surgery [9]. Over 
time, this index underwent revision and modification and it has subsequently been found 
that more 90% of patients undergoing elective noncardiac procedures fall into low risk 
classes [16]. 

Six independent predictors of complications have been identified in a revised cardiac 
index: 

1. High risk surgery 
2. History of ischemic heart disease 
3. History of congestive heart failure 
4. History of cerebral vascular disease 

5. Preoperative treatment with insulin 
6. Preoperative serum creatinine > 2.0 mg/dl. 

The diagnostic performance of this revised cardiac risk index based on 4315 patients, 
aged ~ 50 years, undergoing elective major noncardiac procedures in a tertiary-care 
teaching hospital has proved superior to that of other published risk predictiors [16]. 
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An alternative approach has been used based on data collected from a Veterans Affairs 
Medical Center population of 1,487 men over forty years undergoing major, non
emergency, noncardiac surgery which also demonstrated the low rate of major 
complications even in patients in intermediate and high risk categories [24, 28]. 

REVASCULARIZATION 

The Coronary Artery Surgery Registry Study (CASS) provided information on 1,600 
patients undergoing noncardiac surgery 1978-1981 who had all undergone cardiac 
catheterization with left ventriculography and coronary arteriography. The most 
common noncardiac operative procedures performed in this population were 
cholecystectomy, prostatectomy and hysterectomy. This study demonstrated a clear 
reduction in operative mortality among individuals with major obstructive coronary 
artery disease who had been revascularized in the past. In fact, the mortality of this 
group was not significantly different from patients without coronary artery disease [29]. 

In the Bypass Angioplasty Revascularization Investigation (BAR!) trial, patients with 
multi-vessel coronary artery disease were randomized to cardiac artery bypass surgery 
or coronary angioplasty. A cohort of patients in this study had noncardiac surgery, a 
median of 29 months after their most recent coronary revascularization procedure. The 
rates of myocardial infarction and death after subsequent noncardiac surgery were low 
(1.6%) and either revascularization procedure led to similar outcomes including length 
of stay and cost [30]. It is noteworthy, that an increasing risk of noncardiac surgery 
was seen at longer intervals after revascularization (0.8% event rate in patients < 4 
years after revascularization versus 3.6% > 4 years after revascularization). 
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However, before deciding whether or not a "prophylactic" revascularization procedure 
should be performed in a patient in whom noncardiac surgery is contemplated, one has 
to assess the risk of morbidity and mortality of noncardiac surgery alone, versus the 
combined morbidity and mortality of invasive testing, a revascularization procedure and 
noncardiac surgery. 

In an attempt to answer this question, researchers at Stanford analyzed three treatment 
strategies in patients undergoing elective vascular surgery who had either no angina, or 
mild angina, and a positive, dipyridamole-thallium, perfusion imaging scan [31]. 

The three strategies were: 
a. proceed directly to vascular surgery 
b. perform coronary angiography followed by selective coronary 

revascularization before proceeding to vascular surgery and 
to cancel vascular surgery in patients with sever inoperable coronary 
artery disease 

c. to perform coronary angiography followed by selective coronary 
revascularization before proceeding to vascular surgery and to 
perform vascular surgery in patients with inoperable coronary artery 
disease. 

The major outcome measures included mortality, a non-fatal myocardial infarction, 
stroke, uncorrected vascular disease and cost. Interestingly, proceeding directly to 
vascular surgery led to lower morbidity and cost. The coronary angiography strategy led 
to a higher mortality if vascular surgery proceeded in patients with inoperable coronary 
artery disease, but a slightly lower mortality if vascular surgery was canceled on patients 
with inoperable coronary disease. The coronary angiography strategy also led to lower 
mortality when vascular surgery was particularly risky. It was concluded that vascular 
surgery without preoperative coronary angiography generally led to better outcomes, 
and that angiography should be reserved for patients whose estimated mortality from 
vascular surgery is substantially higher than average [31]. 

In the era of percutaneous coronary interventions and the increasing use of coronary 
stents, the timing of subsequent noncardiac surgery is important. In an observational 
study of 40 patients who underwent "bare metal" stent placement, less than six weeks 
before noncardiac surgery, the majority of adverse events (myocardial infarctions, major 
bleeding episodes and deaths) occurred in patients subjected to noncardiac surgery less 
than two weeks following coronary revascularization [32]. A subsequent analysis of the 
Mayo Clinic databases between 1990-2000 identified 207 patients who underwent 
noncardiac surgery in the two months following successful "bare metal" coronary stent 
placement. Adverse events (death, myocardial infarction or stent thrombosis) occurred 
in eight of 207 undergoing coronary stent placement within 6 weeks of noncardiac 
surgery and no events in patients undergoing noncardiac surgery 7-9 weeks after stent 
placement [33]. This suggests that whenever possible, a noncardiac surgery should be 
delayed six weeks after placement of a "bare metal" coronary stent. 
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Elution of antiproliferative agents from drug-eluting stents delays endothelialization and 
may increase the risk of subacute and late stent thrombosis. A prolonged course of 
antiplatelet therapy has been recommended with the use of drug-eluting stents and in 
the absence of clinical data, elective noncardiac surgery should probably be delayed for 
several months following the placement of drug-eluting stents, when the stents should 
be endothelialized and a course of prolonged combined antiplatelet therapy completed 
[34]. 

OTHER ISSUES 

1. ANTICOAGULANTS 

Quite frequently patients presenting for noncardiac surgery are taking warfarin for atrial 
fibrillation, the presence of a mechanical heart valve or a history of venous 
thromboembolism [35]. During surgery patients need to have a normal, or near normal, 
state of coagulation and therefore, some increase in the risk of thromboembolism is 
unavoidable. In addition, surgery itself is pro-thrombotic. While there is good evidence 
that surgery increases the risk of venous thromboembolism [36], there is no evidence 
that surgery increases the risk of arterial embolism in patients with atrial fibrillation or 
mechanical heart valves [37]. 

It is estimated that the rates of thromboembolism in patients not taking antocoagulants 
is 4.5% per year with atrial fibrillation, 8% per year with a mechanical heart valve, 12% 
per year with atrial fibrillation and a history of prior embolism, and 15% per year with 
recurrent venous th rom boem bol ism. 

Surgery can safely be performed with an INR$ 1.5 [37]. 

Stopping and Starting Warfarin 

• If the INR is between 2.0-3.0 , then four scheduled doses (four days) of warfarin 
should be held and the INR will spontaneously fall to 1.5 in most cases. 

• If the INR is > 3.0, or it is necessary to achieve a lower level for surgery (i.e., < 
1.3) a longer time interval off medication will be needed. 

• After warfarin is restarted it takes about three days for the INR to reach 2.0. 

If warfarin is held four days before surgery and treatment restarted as soon as possible 
after surgery, then patients will have a subtherapeutic INR for 2 days before and 2 days 
after surgery. 

In protocols that use pre- and postoperative intravenous heparin therapy to minimize 
the risks of thromboembolism, the risk of bleeding significantly outweighs the protection 
from thromboembolism except for patients with 

1. a history of recurrent venous thromboembolism 
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2. acute venous thromboembolism within the last three months 

Therefore, perioperative anticoagulant recommendations are that intravenous heparin 
should be used as a bridge before surgery only in these 2 categories of patients. 

Otherwise, it is recommended that warfarin is stopped before surgery and no heparin is 
administered as a bridge for patients with atrial fibrillation, mechanical heart valves or 
recurrent venous thromboembolism. After surgery, subacute low dose subcutaneous 
heparin is recommended as a bridge for atrial fibrillation, mechanical heart valves and 
recurrent venous thromboembolism and intravenous heparin is reserved for patients 
who have had acute arterial embolism within the last month and acute venous 
thromboembolism within the last three months [36, 37]. 

2. PERIOPERATIVEBETA-BLOCKERS 

Therapeutic doses of beta-adrenergic blockers should be given to all patients with an 
intermediate, or high, risk of cardiac complications undergoing noncardiac surgery in the 
absence of major contraindications to these agents [38, 39]. 

In a study performed at the San Francisco Veterans Affairs Medical Center, patients at 
risk for or with known coronary artery disease, who were scheduled for elective 
noncardiac surgery requiring general anesthesia, were randomly assigned to receive 
either Atenolol (5-10 mg IV 30 minutes pre-op and immediately post-op) and 50-100 
milligrams, orally for up to seven days) or placebo [40]. The primary outcome was all
cause mortality during the two years after discharge from hospital. Mortality was 
significantly lower in the Atenolol treated patients than in those who were given placebo 
at six months (0 vs. 8%), one year (3% vs. 14%) and at two years (10% vs. 21 %). 
The benefit of this therapy became apparent only after hospitalization. 

In a subsequent study patients undergoing vascular procedures (elective abdominal 
aortic or infrainguinal arterial reconstruction surgery) with abnormal dobutamine stress 
echocardiography results were randomly assigned to a standard care protocol or to 
treatment with bisoprolol, a selective ~-1 adrenergic receptor antagonist, started at least 
one week before surgery and continued for 30 days post-operatively [ 41]. The patients 
were monitored for cardiac events for 30 days after surgery and the primary study end 
point was death from cardiac causes or non-fatal myocardial infarction. The primary 
end point occurred in 2 patients (3.4%) in the beta-blocker treated group and in 18 
patients (34%) in the standard care group [41]. 

Based on these two important studies and others, recommendations for perioperative 
beta blocker regimens and agents have been made [39]. 
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Outpatients or after Admission 

• Atenolol 50-1 OOmg or 
Bisprolol 5-1 Omg daily 

• Begin as outpatient up to 
30days before surgery 

• Titrate to heart rate :S 65 bpm 

Immediate pre-operative 

• Atenolol 5-10 mg IV to reach 
heart rate :S 65 bpm 

Immediate post-operative 
• Stable: Atenolol5-10 mg IV twice daily 

to reach heart rate S 65 bpm 
Unstable: Esmolol 500 IJQ/kg IV for 1 
minute then 50-200 IJQ/kg to target 
heart rate 

Later: 
Resume oral beta-blocker and titrate 
to heart rate 

Auerbach 8r. Goldman lAMA 2002; 287: 1435-1444 

3. ALPHA- ANTAGONISTS 

Clonidine, an alpha - 2 agonist, reduces the incidence of myocardial ischemia in patients 
who undergo vascular [42] and cardiac surgery [43]. 

In a recent study patients scheduled for elective noncardiac surgery who had definite 
coronary artery disease, several risk factors, or a history of vascular surgery were 
randomized to receive either placebo, or clonidine, the night before surgery and for 4 
days after surgery [44]. Clonidine was administered as 0.2 mg orally, as well as a 
patch the night before surgery, 0.2 mg orally the day of surgery and the patch remained 
on the patient for 4 days. The primary end points for the trial were defined as the 
incidence and severity of myocardial ischemia, while on the study drug (pre-operative 
and post-operative days, 0-3) detected using Holter electrocardiographic monitoring. 
The incidence of perioperative myocardial ischemia was significantly reduced with 
clonodine (14% vs. 31% in placebo treated patients) and prophylactic clonidine had 
minimal hemodynamic effects. Clonidine reduced the incidence of post-operative 
mortality for up to two years (15% vs. 29% in placebo treated patients) with a relative 
risk of 0.43. It was felt that perioperative administration of clonidine for 4 days to 
patients at risk for coronary artery disease significantly reduced the incidence of 
perioperative myocardial ischemia and post-operative death [44]. 
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4. INTRAOPERATIVE CARE 

a) Pulmonary artery catheter 

It is estimated that more than 1.2 million pulmonary-artery catheters are placed 
annually in the United States with associated costs of over 2 billion dollars [45]. Recent 
practice guidelines for pulmonary artery (PA) catheterization [ 46] suggest that the 
routine use of PA catheters in low-risk patients does not reduce mortality, length of stay 
or other surrogate markers for severity of illness and there is compelling evidence that 
PA catherization can result in serious and potentially fatal complications. This risk is both 
appropriate, and necessary, in selected surgical patients undergoing procedures 
associated with complications from hemodynamic changes (e.g., cardiac surgery, aortic 
reconstruction) or entering surgery with pre-existing risk factors for hemodynamic 
disturbances (e.g., advanced cardiopulmonary disease). 

In selected surgical patients, PA catheter monitoring may reduce the incidence of 
perioperative complications primarily by providing immediate access to critical 
hemodynamic data. Three interrelated variables need to be assessed when considering 
the use of PA catheters including the health status of the patient, the level of risk 
associated with the specific surgical procedure and the characteristics of the practice 
setting (e.g., physician schools, technical support, etc.). 

A recent randomized, controlled trial of the use of PA catheters in high-risk surgical 
patients [ 47] who were 60 or older, and who were scheduled for urgent or elective 
major surgery (abdominal, thoracic, major vascular and orthopaedic), did not result in a 
significant difference in the in-hospital mortality between the standard care group and 
group with PA catheters, but there was a significant increase in the incidence of 
pulmonary embolism in the PA catheter group. In addition, patients in the PA catheter 
group were more likely to receive inotropic agents, vasodilators, anti-hypertensive 
medications, blood transfusions and colloid indicating the study protocol resulted in 
differential treatment. Certainly, this study confirms that the routine insertion of PA 
catheters perioperatively is not warranted. 

b) Intravenous Nitroglycerin 

The only circumstance in which there is evidence for and/or general agreement that 
intraoperative nitroglycerin is a benefit to the patient, is in high risk patients previously 
on nitroglycerin who have active signs of myocardial ischemia without hypotension [5]. 

SUMMARY POINTS 

Suggested important themes [18] in perioperative evaluation and risk reduction of 
patients undergoing major noncardiac surgery include: 
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a. Preoperative risk stratification should be based on clinical data factors indicating 
potential for adverse outcomes during noncardiac surgery especially with high 
risk surgery (intraperitoneal, intrathoracic, and suprainguinal vascular). These 
are a history of ischemic heart disease, a history of congestive heart failure and a 
history of cerebral vascular disease. Lesser factors are preoperative treatment 
with insulin and a preoperative serum creatinine > 2.0 mg/dl. Consideration 
should be given to using the Leiden Risk Model in patients undergoing aortic 
aneurysm surgery. 

b. Routine exercise electrocardiography stress tests and other noninvasive tests for 
detecting myocardial ischemia are not indicated for perioperative risk 
stratification, since there is no evidence that the information gathered leads to 
improved perioperative care. Rather, noninvasive tests should be reserved 
during preoperative evaluation for patients with poor functional capacity (less 
than 4 METS), or for those whose clinical risks are unclear after all the clinical 
data are considered. Patients with stable angina that is provoked by less than 4 
METS activity will usually require coronary angiography as part of the pre
operative assessment. 

c. Coronary revascularization before noncardiac surgery should be recommended 
only for patients with unstable myocardial ischemic syndromes or noninvasive 
test results indicating a high risk for ischemia. 

d. Therapeutic doses of beta-adrenergic blockers should be given to all patients 
with intermediate, or high, risk of cardiac complications undergoing noncardiac 
surgery in the absence of major contraindications. 
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