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Worldwide, annually approximately 100 million people undergo some form of non-cardiac surgery.
Cardiac events, such as myocardial infarction are a major cause of perioperative morbidity and mor-
tality in these patients. Though the true incidence of perioperative cardiac complications is difficult
to assess, it is estimated that approximately 2.0-3.5% of patients undergoing major non-cardiac
surgery experience a major adverse cardiac event. Furthermore an estimated 0.5-1.5% of patients
die within 30 days after the surgical procedure due to a cardiovascular cause. The pathophysiology
of perioperative cardiac events is complex. Similar to the non-operative setting it is thought that
approximately half of all perioperative myocardial infarctions are attributable to a sustained coro-
nary oxygen demand/supply mismatch. Coronary plaque rupture, leading to thrombus formation
and subsequent vessel occlusion, is thought to be the other important cause of acute perioperative
coronary syndromes.

Part 1. Preoperative cardiovascular risk assessment

The risk of perioperative cardiac complications depends on mainly two conditions: (1) the condition
of the patient prior to surgery, i.e. the presence and severity of co-morbidities, and (2) the type of
the surgical procedure. The first part of this thesis covers current knowledge and existent data on
preoperative cardiac risk assessment. In this part adjustments of current risk indices to improve the
predictive ability, the value of additional cardiac testing and possible new preoperative cardiac risk
markers are investigated.

Part 2. Perioperative cardiovascular risk reduction

Once perioperative cardiac risk is assessed, the next step is to treat patients with an increased cardiac
risk optimally to minimize the risk of perioperative cardiac complications. In part 2 of this thesis
several possible risk reduction strategies are discussed, including beta-blocker therapy, 3-hydroxy-
3-methylglutaryl co-enzyme A reductase inhibitor (statin) therapy, prophylactic coronary revascular-
ization and endovascular treatment modalities.

Beta-blockers have negative chronotropic and negative inotropic effects. Due to the role of sym-
pathetic activation in adverse perioperative cardiac outcomes, beta-adrenergic receptor blocking
drugs have been proposed as a means for providing cardioprotection. Potential cardioprotective
mechanisms of beta-blockers include a) reduced heart rate and contractility and subsequently
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lower myocardial oxygen demand; b) a shift in energy metabolism from free fatty acids to the more
energy efficient glucose; c) anti-arrhythmic effects; d) anti-renin/angiotensin properties; and e)
anti-inflammatory effects possibly promoting plaque stability. The effects on heart rate, contractility,
and energy substrate shift occur almost instantly while the anti-inflammatory effects may only be
observed after a prolonged beta-blocker usage. Recently the benefits of perioperative beta-blocker
therapy have been questioned. This part of the thesis describes (1) which patients might benefit from
perioperative beta-blocker therapy, and (2) what the potential pitfalls of perioperative beta-blocker
therapy are.

Numerous clinical trials have clearly demonstrated that statin use is associated with a substantial
long-term reduction in the risk for cardiovascular morbidity and mortality in patients with or at risk of
coronary heart disease. However, lipid lowering seems not to be the only beneficial effect of statins.
Other, so-called pleiotropic, effects of statins have recently been described. One of these pleiotropic
effects may be the stabilization of vulnerable coronary plaques during surgical procedures which
might result in a substantial reduction of perioperative adverse cardiac events. However, the timing
of initiation of statin therapy remained a matter of debate. Should the patient start with statin therapy
at the preoperative screening visit while there is (1) a possibly increased risk for perioperative statin-
induced side effects such as myopathy, as suggested by the ACC/AHA/NHLBI clinical advisory on the
use and safety of statins, (2) a possibly increased cardiac risk if statin therapy has to be interrupted in
the perioperative period, as is to be expected in approximately 25% of patients, and (3) the evidence
supporting the perioperative use of statins is based on retrospective studies? This part of the thesis
tries to answer these questions.

The role of preoperative coronary revascularization in patients at high cardiac risk undergoing non-
cardiac surgery is ill-defined. The concept of a beneficial effect of prophylactic coronary revasculariza-
tion before non-cardiac surgery is based on the assumption that perioperative myocardial infarctions
arise at locations in coronary arteries with hemodynamically critical stenosis, elicited by the stress of
surgery. Evidence for the use of this potentially cardioprotective procedure is based on the results of
two registries which showed an improved outcome in non-cardiac surgical patients with a history of
coronary artery bypass grafting (CABG) or percutaneous coronary intervention with stent placement
(PCl) compared to a similar patient group without a CABG or PCl. It must be noted however that the
time interval between coronary revascularization and the non-cardiac procedure in these registries
was 4.1 and 2.4 years respectively. Therefore the indication of prophylactic coronary revascularization
immediate prior to the non-cardiac surgical procedure remained speculative. Therefore, the potential
benefit of prophylactic coronary revascularization in high risk patients has been investigated and is
described in part 2 of this thesis.

Part 3. Long-term cardiovascular risk reduction

After successful non-cardiac surgery certain patient populations remain at increased risk for cardiac
events. Patients who underwent non-cardiac vascular surgery are particular prone to long-term
adverse cardiac outcome. The high cardiacriskin this population is attributable to the high prevalence
of underlying coronary artery disease. As was already shown in 1984 only 8% of patients undergoing
major non-cardiac vascular surgery have a normal coronary artery tree. In part 3 of this thesis the
long-term prognosis of patients undergoing non-cardiac vascular surgery is examined. Furthermore
several risk reduction strategies are studied such as prophylactic coronary revascularization, the use
of endovascular treatment modalities and the importance of aggressive medical therapy in this high-
risk group of patients. After all, the patient should live long enough to enjoy the benefits of surgery.
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Cardiac complications

Since the landmark publication of Hertzer and colleagues from the Cleveland Clinic in 1984 the
coexistence of coronary artery disease (CAD) and peripheral arterial disease (PAD) has been accepted
with almost religious zeal by physicians treating patients with PAD.

EPIDEMIOLOGY

A. Prevalence of cardiac disease

Hertzer's seminal study, in which 1000 consecutive patients undergoing operations for PAD under-
went preoperative cardiac catheterizations (whether or not they had symptoms of CAD), is unlikely
ever to be repeated, and the published article is one of the most widely quoted articles in the medical
and surgical literature. These investigators reported that only 8% of their patients (who were roughly
divided into thirds—aortic, infrainguinal, and carotid disease) had normal coronary arteries, and
approximately one third had severe-correctable or severe-inoperable CAD. More recent studies using
functional tests for CAD such as dobutamine stress echocardiography confirmed these findings. In a
study population of 1097 vascular surgical patients, the incidence of rest wall motion abnormalities
was nearly 50%, while one-fifth of patients had stress-induced myocardial ischaemia?.

B. Definition of cardiac complications

Numerous undesirable cardiac events have been evaluated and considered as endpoints in clinical
reviews of peripheral vascular surgery, including (1) unstable angina pectoris, (2) congestive heart
failure, (3) arrhythmias, (4) myocardial ischemia (overt and “silent”), (5) nonfatal myocardial infarction,
and (6) cardiac death. Of these adverse events, the first four endpoints are relatively “soft” compared
with the last two.

Unstable angina is included as one of the acute coronary syndromes (ACS); however, it does not
routinely produce lasting cardiac damage, and its definition is variable, ranging from a mere change
in frequency of chest pain to unrelenting pain unresponsive to standard therapeutic maneuvers,
such as administration of nitroglycerin and rest.

Congestive heart failure may be the result of fluid overload, which often occurs after vascular pro-
cedures or the use of a narcotic agent as the primary anesthetic. The diagnosis of congestive heart
failure is often subjective with no consensus regarding the criteria required to confirm the diagnosis
(i.e. jugular venous distention, dyspnea, rales, gallop rhythm, typical chest x-ray findings, pedal or
sacral edema, objective measurement of decreased cardiac output—in variable combinations).

Arrhythmias may be brief, self-limiting, hemodynamically benign, and due to factors other than
cardiac disease, including hypoxia, drug toxicity, or metabolic derangements.

Myocardial infarction and cardiac death are more serious cardiac complications. The Joint European
Society of Cardiology (ESC) and American College of Cardiology (ACC) Committee for the Redefini-
tion of Myocardial Infarction has made a clear definition of myocardial infarction (TABLE 1.1)3. The
definition includes the rise and fall of cardiac biomarkers (preferably troponin) with at least one value
above the 99th percentile of the upper reference limit together with evidence of myocardial ischemia
with at least one of the following: symptoms of ischemia; ECG changes indicative of new ischemia
(new ST-T changes or new left bundle branch block); development of pathological Q waves on ECG;
imaging evidence of new loss of viable myocardium or new regional wall motion abnormalities.

15
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TABLE 1.1 Definition of myocardial infarction.

Diagnosis of myocardial infarction if any one of the following criteria is met:

(1) Detection of rise and/or fall of cardiac biomarkers (preferably troponin) with at least one value above the 99th
percentile of the upper reference limit (URL) together with evidence of myocardial ischemia with at least one
of the following:

(1) Symptoms of ischemia;

(2) ECG changes indicative of new ischemia, i.e. new ST-T changes or new left bundle branch block (LBBB)
(3) Development of pathological Q waves in the ECG;

(4) Imaging evidence of new loss of viable myocardium or new regional wall motion abnormality.

(2) Sudden, unexpected cardiac death, involving cardiac arrest, often with symptoms suggestive of myocardial
ischemia, and accompanied by presumably new ST elevation, or new LBBB, and/or evidence of fresh
thrombus by coronary angiography and/or at autopsy, but death occurring before blood samples could be
obtained, or at a time before the appearance of cardiac biomarkers in the blood.

(3) Pathological findings of an acute myocardial infarction.

Cardiac death was defined in the same document: sudden, unexpected cardiac death, involving
cardiac arrest, often with symptoms suggestive of myocardial ischemia, and accompanied by pre-
sumably new ST elevation, or new left bundle branch block, and/or evidence of fresh thrombus by
coronary angiography and/or autopsy, but death occurring before blood samples could be obtained,
or at a time before the appearance of cardiac biomarkers in the blood.

Biomarkers

This definition of myocardial infarction and cardiac death might be sufficient for non-surgical
patients. However it should be noted that up to 75% of perioperative myocardial infarctions remain
asymptomatic and may therefore be difficult to assess*. This might be attributable to the disguising
effects of sedation and the simultaneous occurrence of symptoms directly related to surgery such
as nausea. This implies a serious underestimation of the true incidence of so-called “hard” cardiac
endpoints in vascular surgery patients. It also implies a call for routine postoperative measurement
of cardiac biomarkers in patients scheduled for major vascular surgery since cardiac complications
are most common in these patients and these patients are most likely the ones not able to indicate
symptoms of acute coronary syndromes.

Cardiac troponin (I or T) is the preferred biomarker for myocardial injury. It has nearly absolute myo-
cardial tissue specificity as well as high clinical sensitivity>. As stated in the consensus document an
increased value for cardiac troponin is defined as a measurement exceeding the 99th percentile of
a normal reference population. Detection of a rise and fall of the measurements is essential to the
diagnosis of acute myocardial infarction®. The 99th percentile must be determined for each specific
assay with appropriate quality control. The values for the 99th percentile can be found on the Inter-
national Federation for Clinical Chemistry website’. Blood samples for the measurement of troponin
should be drawn on first assessment (often some hours after the onset of symptoms) and 6-9 hours
later®. To establish the diagnosis of myocardial infarction, one elevated value above the decision level
is required. The demonstration of a rising and/or falling pattern is needed to distinguish background
elevated troponin levels, e.g. patients with chronic renal failure, from elevations in the same patients
which are indicative of myocardial infarction®.

CKMB is the best alternative if troponin assays are not available. As with troponin, an increased CKMB
value is defined as a measurement above the 99th percentile.® As with troponins, CKMB measure-
ments should be recorded at the time of the first assessment of the patient and 6-9 hours later in
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order to demonstrate the rise and/or fall exceeding the 99th percentile URL for the diagnosis of
myocardial infarction.

ECG

The ECG is an integral part of the diagnostic work-up of patients with suspected myocardial infarction
and also a cornerstone in the consensus document on myocardial infarction'®. The acute or evolving
changes in the ST-T waveforms and the Q-waves when present potentially allow the clinician to date
the event, to suggest the infarct-related artery, and to estimate the amount of myocardium at risk. The
diagnosis of myocardial infarction is difficult in the presence of LBBB even when marked ST-T abnormali-
ties or ST elevation are present that exceed standard criteria’"'2. In such cases a previous, preoperative
ECG may be helpful to determine the presence of acute myocardial infarction in this setting. In patients
with right bundle branch block (RBBB), abnormalities in leads V1-V3 are common, making it difficult
to assess the presence of ischemia in these leads; however, when ST elevation or Q-waves are found in
the postoperative period, myocardial ischemia or infarction should be considered'®.

C. Incidence of cardiac complications

Although the widespread prevalence of CAD in patients requiring peripheral vascular surgery is well
accepted, the frequency of adverse cardiac outcomes in unselected groups of vascular patients is
more controversial. Comparison of cardiac morbidity of vascular operations between different studies
is often misleading because the frequency of cardiac complications depends on the vigor with which
the diagnosis is pursued. Prospective trials tend to include only specific patient groups while large
registries might be less accurate in scoring cardiac complications. Since “soft” cardiac endpoints are
difficult to assess in a uniform way, in particular in retrospective series, it is probably more accurate
to look at “hard” cardiac endpoints such as cardiac death and myocardial infarction. Therefore only a
crude estimate of the magnitude of cardiac complications after vascular and endovascular surgery
can be given.

Objective measurements such as continuous 12-lead ECG recording in the perioperative period com-
bined with rigorous screening of cardiac biomarkers might give a more accurate estimation of the
true incidence of perioperative cardiac complications. A few studies have used this modality though

Troponin release
24%

No cardiac complications

FIGURE 1.1  Incidence of perioperative cardiac complications based on a recent study by Poldermans et al.>*
1 = cardiac death, Ml = Myocardial infarction
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it must be noted that only major vascular procedures were included (FIGURE 1.1). One of these studies
is a study by Landesberg et al. in which 447 patients scheduled for elective abdominal aortic surgery
(n=70), peripheral arterial bypass surgery (n=163) or carotid artery surgery (n=214) were followed
using continuous 12-lead ECG recording and cardiac troponin T and | and CK/CK-MB measurement
on the first three postoperative days'3. In 14.8% of these patients perioperative ST-segment changes
were observed. Furthermore, 23.9% of patients experienced cardiac troponin T or | release.

Cohort studies tend to report a lower incidence of cardiac events. In a recent report by Welten et al.
30-day mortality in a group of 2,730 patients undergoing non-cardiac vascular surgery was 1% for
patients undergoing CEA, 6% for patients undergoing AAA repair and 3% for patients undergoing
lower extremity arterial revascularization'®. Importantly in all three patient groups approximately
75% of deaths were related to cerebrocardiovascular causes. The percentage of approximately 5%
cardiac events has been confirmed in the prospective Euro Heart Survey including over 700 patients
undergoing elective arterial vascular surgery™. In 2002 Krupski et al reviewed all major series
reporting 100 or more patients, and the average Ml rate after aortic, carotid, and infrainguinal opera-
tions were 2.2% (7500 patients), 1.0% (28,000 patients), and 4% (6000 patients), respectively'®. To
demonstrate the difference attributable to the vigor of postoperative screening for cardiac events:
in prospective studies with routine measurement of cardiac troponins and continuous ECG monitor-
ing perioperative myocardial infarction occurs in as many as 20% of patients as has been shown by
Landesberg et al'3,

Carotid artery surgery seems to be associated with the lowest incidence of adverse cardiac events
despite the limitations described above. The incidence of myocardial infarction in patients under-
going carotid endarterectomy is estimated to be approximately 1% as has recently been reported
by Greenstein et al in a group of 9,308 patients (Ml 1.1%)'” and the CEA National Surgical Quality
Improvement Program including 13,622 patients with a cardiac event rate of 1.1%'8. In the recently
published randomized controlled trials carotid stenting does not seem to be superior to endarterec-
tomy in terms of cardiac outcome. Only in the SAPPHIRE trial stenting tended to be associated with
less perioperative myocardial infarctions 2.4% vs. 6.1% (p=0.1)'°. The CAVATAS trial did not find a
significant difference in the incidence of myocardial infarctions in patients randomized to either open
(n=253) or endovascular (n=251) treatment, 1% and 0% respectively?’. Unfortunately both SPACE
and EVA-3S did not report perioperative myocardial infarctions separately?'?2, Furthermore, a recent
Cochrane review did not show any advantage of either procedure in terms of cardiac outcome?3,
Considering the relatively low incidence of major cardiac complications in extracranial carotid sur-
gery it is unlikely that there is a clinically relevant difference in cardiac outcome in patients without
an extremely high preoperative cardiac risk.

Aortic aneurysm repair is a high-risk surgical procedure. Patients scheduled for AAA repair seem to
have a clear perioperative survival benefit of endovascular repair, indicating a possible cardiac advan-
tage of endovascular treatment. Interestingly this was not confirmed in the two major randomized
controlled trials on this subject. Though the overall complication rate was significantly lower in the
endovascular treated group in the DREAM trial, the incidence of perioperative cardiac complications
was similar in patients undergoing open or endovascular repair (5.7% vs. 5.3%)?*. Also, in a systematic
review by Drury et al in 2005 no perioperative cardiac benefit could be found in patients undergo-
ing endovascular AAA repair (HR 0.81, 95% Cl 0.35-1.86)°. In the EVAR 1 trial overall mortality was
significantly reduced in patients treated with endovascular stent grafts (1.7% vs. 4.7%), indicating
a lower perioperative cardiac risk in these patients though nonfatal MIs were not reported?. It is
unclear why in some reports no perioperative benefit of endovascular procedures was found while
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in the vast majority of cohort series endovascular repair is associated with less perioperative cardiac
complications. This has recently been confirmed in the large Medicare database (22,830 patients)
of Schermerhorn et al.: myocardial infarction occurred in 7.0% and 9.4% in endovascular and open
procedures respectively (p<0.001)?”. To compare open surgical procedures and endovascular proce-
dures for lower extremity arterial revascularization proves to be even more difficult. Indications for
open or endovascular treatment differ substantially and cardiac complications rates can therefore
only be considered separately.

Though a reliable figure for perioperative cardiac complications in patients scheduled for elective
vascular surgery can not be given, overall it is estimated that extracranial carotid procedures are less
prone to cardiac complications than abdominal aortic and peripheral arterial bypass procedures (1%
vs. 3-5%).

Il. PATHOGENESIS OF PERIOPERATIVE ACUTE CORONARY SYNDROMES

Although the pathophysiology of perioperative acute coronary syndromes is not entirely clear, it is
now well accepted that coronary plaque rupture, leading to thrombus formation and subsequent
vessel occlusion, is an important cause of acute perioperative coronary syndromes (FIGURE 1.2A and
1.2B). This is similar to the nonoperative setting.

The perioperative surgical stress response includes a catecholamine surge with associated hemo-
dynamic stress, vasospasm, reduced fibrinolytic activity, platelet activation, and consequent hyper-
coagulability?®. In patients with significant coronary artery disease (CAD), perioperative myocardial
infarction (PMI) may also be caused by a sustained myocardial supply/demand imbalance due to
tachycardia and increased myocardial contractility?®.

Stable Unstable

Lumen

Endothelium

Platelets

Lipid rich core

Thick Thin
fibrous cap fibrous cap

FIGURE 1.2A In contrast to atherosclerotic disease of peripheral arteries, in which complications are usually directly
related to the degree of stenosis and hypoperfusion (e.g., high-grade carotid artery stenoses), lesions
within the coronary arteries may cause acute events even when stenoses are not critical. This is due
to relatively unstable or “vulnerable” plaques with a large lipid pool and a thin, weakened fibrous
cap (shown in the second diagram) infiltrated by macrophages. These plaques are most susceptible
to disruption and development of platelet-derived thrombosis. Infiltration by macrophages and
other inflammatory cells produces a vulnerable cap most vulnerable to disruption. Cytokines and
proteases involved in the balance between synthesis and degradation of collagen and elastin
determine structural integrity and play an important role in acute coronary events. Identification of
and intervention for hemodynamically significant coronary artery lesions may not provide secure
protection against perioperative adverse cardiac events after vascular surgery.
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FIGURE 1.2B  Electron micrograph showing extraordinary infiltration of myeloperoxidase-laden neutrophils into a
section of coronary artery from a patient with unstable angina. This is a diffuse process, not localized to
a single vulnerable plaque. The implications are that focused therapy (e.g., percutaneous transluminal
coronary angioplasty or coronary artery bypass graft surgery) may not be protective against coronary
events in the vascular patient; instead, anti-inflammatory (e.g., antiplatelet therapy) treatment,
stabilization with antilipid treatments, and beta blockers to decrease myocardial oxygen consumption
may be more beneficial than mechanical approaches.

Episodes of perioperative ST-segment depression, indicating subendocardial myocardial ischemia,
have been described in up to 41% of vascular surgery patients, mostly occurring within the first 2
days after surgery?®. The association of PMI with myocardial ischemia and nontransmural or circum-
ferential subendocardial infarction supports this mechanism. Landesberg demonstrated that 85% of
postoperative cardiac complications were preceded by prolonged ST-segment depression°. Fleisher
et al. found that 78% of patients with cardiac complications had at least 1 episode of prolonged
myocardial ischemia (i.e. >30 minutes), either before or at the same time as the cardiac event. In
the majority of cases, it presents without Q waves?'. The hypothesis that ST-segment depression can
lead to PMI is further supported by increased troponin T levels during or shortly after prolonged ST-
segment depression ischemia32. ST-segment elevation-type ischemia is considered to be relatively
uncommon, confirmed by the incidence (12%) of intraoperative ST-segment elevation in a study by
London et al?3.

Plaque disruption, defined as fissure or rupture of plaque and hemorrhage into the plaque cavity34,
is the cause of fatal PMls in approximately half of the cases as was demonstrated in the autopsy
study by Dawood et al. Similar autopsy results were found in the study by Cohen and Aretz3>; a
plaque rupture was found in 46% of patient with post-operative MI. “Unstable” plaques have a large
lipid core and a thin, weakened fibrous cap infiltrated by macrophages (FIGURE 1.2A and 1.2B). It is
hypothesized that these plaques with a large lipid pool and a thin, weakened fibrous cap infiltrated
by macrophages and other inflammatory cells are the most vulnerable to disruption. Cytokines and
proteases involved in the balance between synthesis and degradation of collagen and elastin, which
determines the structural integrity of the plaque cap, play an important role in perioperative acute
coronary events.
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In a study of Feringa et al,, vascular surgery patients were evaluated by continuous 12-lead elec-
trocardiographic monitoring during surgery and studied for the presence and location of ischemia.
The relationship with the pre-operatively assessed culprit coronary artery lesion using noninvasive
cardiac imaging was studied. In patients with perioperative ST-segment depression, the location cor-
responded with the pre-operatively assessed coronary lesion in 89%, and only in 53% of those with
ST-segment elevation (p<0.001). This study showed one of the limitations of pre-operative cardiac
risk assessment focusing on the identification of the culprit coronary artery lesion. Using cardiac test-
ing, one can identify the patient at risk; however, the location of the PMI is difficult to foresee owing
to the unpredictable progression of (asymptomatic) coronary artery lesions toward unstable plaques
owing to the stress of surgery.

I1l. CLINICAL PRESENTATION

In postoperative patients, symptoms of cardiac complications might very well be atypical or absent
even when ECG and/or biomarkers are abnormal. It is important to realize that myocardial infarc-
tion might occur with atypical symptoms, or even without symptoms, being detected only by ECG,
biomarker elevations, or cardiac imaging. An estimated 75% of patients who have objective evidence
of Ml are not diagnosed as such because symptoms are masked by residual anesthetic effects, admin-
istration of analgesic agents, competing somatic stimuli such as incisional pain, and other factors.

Classical symptoms of myocardial ischemia include various combinations of chest, upper extremity,
jaw, or epigastric discomfort with exertion or at rest. Often, the discomfort is diffuse, not localized, not
positional, not affected by movement of the region, and it may be accompanied by dyspnea, diapho-
resis, nausea, or syncope. Considering these classical symptoms it is hardly surprising that such a large
number of episodes of myocardial ischemia and infarction are missed in the perioperative period.
Physicians should therefore be liberal in the ordering of laboratory tests such as cardiac troponin
measurements in patients who underwent vascular surgery. This becomes even more important as
even asymptomatic troponin release has severe implications for patients’ outcome (see below).

IV. PREOPERATIVE CARDIAC EVALUATION

A. Clinical risk factor indices

Adequate preoperative cardiac risk assessment is essential for identifying high-risk patients for peri-
operative cardiac events. Several risk indices were developed to stratify vascular surgical patients,
based on clinical cardiac risk factors.

The cardiac risk index of Goldman et al in 1977 was the first multifactorial model specifically for peri-
operative cardiac complications to be widely used?®. This risk index was developed in a non-cardiac
surgical population. The authors identified nine independent risk factors correlated with postop-
erative serious or fatal cardiac complications: (1) preoperative third heart sound or jugular venous
distention; (2) Ml in the preceding 6 months; (3) >5 premature ventricular contractions per minute
documented at any time before operation; (4) rhythms other than sinus rhythm or the presence of
premature atrial contractions on preoperative electrocardiogram (ECG); (5) age >70 years; (6) an intra-
peritoneal, intrathoracic, or aortic operation; (7) emergency operation; (8) important valvular aortic
stenosis; and (9) poor general medical condition. This index was modified by Detsky et al in 198637,
who added the presence of angina and a remote history of Ml to the original model of Goldman et al.
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They used a Bayesian approach involving pretest probabilities, and presented the modified cardiac
risk index in a simple normogram.

The Glasgow aneurysm score, described in 1994, was one of the first cardiac risk scores only intended
for vascular surgical procedures. In a retrospective study of 500 randomly chosen patients scheduled
for open abdominal aortic aneurysm repair, potential preoperative risk factors were related to post-
operative in-hospital mortality3®. One year later, the Leiden Risk Model for perioperative mortality in
patients with an abdominal aortic aneurysm was developed by Steyerberg et al3°. This clinical predic-
tion rule was based on several risk factors obtained from the literature, and validated in a cohort of
246 patients undergoing open abdominal aortic aneurysm repair.

In 1996, L'ltalien et al developed and validated a Bayesian model for preoperative cardiac risk assess-
ment in a total of 1081 consecutive patients undergoing elective major vascular surgery®. This study
had a combined endpoint of nonfatal Ml or cardiac death. Using 567 patients as a derivation cohort,
the following risk factors were identified as predictors of adverse postoperative outcome: myocar-
dial infarction, congestive heart failure, angina pectoris, prior coronary revascularization, diabetes
mellitus, and age >70 years. Importantly, the validation cohort (514 patients) exhibited a prognostic
accuracy of 74%. Patients classified as low-risk, intermediate-risk, and high-risk had cardiac event
rates of 3%, 8%, and 18%, respectively.

Lee et al developed the largest and currently most widely used model of risk assessment, the Revised
Cardiac Risk Index in 199941, This index identifies six predictors of major cardiac complications: (1)
high-risk type of surgery, (2) history of ischemic heart disease, (3) history of congestive heart failure,
(4) history of cerebrovascular disease, (5) preoperative treatment with insulin, and (6) preoperative
serum creatinine >2.0 mg/dL. Based on the presence of none, 1, 2, or > 3 predictors, the rate of major
cardiac complications in the validation cohort (n = 1422) was estimated to be 0.4%, 0.9%, 7%, and
119%, respectively.

The Dutch Echocardiographic Cardiac Risk Evaluation Applying Stress Echo (DECREASE) | Trial identi-
fied comparable independent clinical risk factors associated with major vascular surgery: a history of
myocardial infarction, angina, congestive heart failure, diabetes, renal dysfunction, cerebrovascular
events, and age >70 years2. Recently, Kertai et al developed a Bayesian model for the prediction of all-
cause perioperative mortality in 1537 patients undergoing all types of open vascular surgery (TABLE
1.2)*2. Risk factors associated with postoperative all-cause death included ischemic heart disease,
congestive heart failure, cerebrovascular events, hypertension, renal dysfunction, chronic pulmonary
disease, and type of vascular surgery, i.e. ruptured aneurysm of the abdominal aorta (AAA), elective
AAA, lower extremity, and carotid vascular surgery. The final logistic regression model with nine
independent predictors (including beta-blocker and statin use) of perioperative mortality was used
to create a variable-weight index, the Customized Probability Index, where scores were assigned
based on parameter estimates of individual predictors. The sum of scores of surgical risk (0-46 points),
medical history (0-67 points), and cardioprotective medication (statins -10 points and beta-blockers
-15 points) was calculated for an overall cardiac risk.

B. Laboratory

Apart from those measurements indicating clinical risk factors (for example, serum creatinine for
renal failure, fasting glucose for diabetes mellitus, etc) currently no routine laboratory measurements
are related to perioperative cardiac complications. Plasma N-terminal pro-B-type natriuretic peptide
(NT-proBNP) or B-type natriuretic peptide (BNP) have been shown to be associated with adverse



Cardiac complications

TABLE1.2  Customized Probability Index (derived from Kertai et al.*?)
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postoperative outcome in recent studies. NT-proBNP is increased in patients with left ventricular dila-
tation caused by fluid overload (e.g. heart failure and renal dysfunction), pressure overload (e.g. aortic
valve stenosis), and myocardial ischemia, which might explain the excellent relation with adverse
postoperative outcome. In a study by Dernellis et al. of 1590 patients scheduled for all types of non-
cardiac general surgery elevated levels of BNP, i.e. >189 pg/mL, were independently associated with
a staggering 34-fold increased risk for postoperative cardiac events*. Similar results were found
by Feringa et al in their report on the prognostic value of NT-proBNP in 170 patients scheduled for
major vascular surgery*4. Patients with a NT-proBNP level >533 pg/mL had an independent 17-fold
increased risk for postoperative cardiac events, even after adjustment for preoperative dobutamine
stress echocardiography results. Gibson et al confirmed the predictive value of BNP in 149 major
vascular surgical patients: using receiver-operator curve analysis a BNP concentration of 108.5 pg/
mL best predicted the likelihood of cardiac events, with a sensitivity and specificity of 87%*. The true
value of either BNP or NT-proBNP in the preoperative screening setting must be confirmed in large
scale prospective trials such as the recently started multinational DECREASE VI trial.

Diabetes mellitus is a common risk factor in patients scheduled for vascular surgery with a prevalence
of approximately 50% if all patients are thoroughly screened*. Diabetes mellitus is known to be a
strong predictor for perioperative events. Therefore fasting glucose values should be obtained in
all patients scheduled for vascular surgery and glucose loading testing should be considered in all.
Recently it was shown that the level of preoperative glycosylated hemoglobin in diabetic patients is
strongly related to perioperative cardiac outcome. In the same patient population it was also shown
that in patients with high preoperative glycosylated hemoglobin it is more difficult to regulate
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glucose values in the perioperative period*’#8, This might partly explain the strong relation between
preoperative glycosylated hemoglobin and outcome, since it is known from critically ill patients and
patients with myocardial infarction that tight glucose control is of imminent importance. In a large
case-control study by Noordzij et al. in non-cardiac nonvascular surgical patients it was also shown
that random preoperative glucose levels were associated with postoperative outcome*. Those with
a random glucose level = 11.1 mmol/L had a 4-fold increased risk for perioperative cardiovascular
death. Importantly, glucose levels of 5.6-11.1 mmol/L were independently associated with a 3-fold
increased risk for perioperative cardiovascular events.

Preoperative asymptomatic troponin release in patients with symptomatic peripheral arterial disease
is associated with a poor postoperative prognosis®. Preoperative troponin release may occur because
of asymptomatic myocardial ischemia, a condition often observed in patients scheduled for major
vascular surgery. As was already noted by Landesberg et al. in 1993, over 40% of patients planned for
major vascular surgery experience silent myocardial ischemia preoperatively as assessed by continu-
ous 12-lead ECG recording, including in asymptomatic patients®’. Notably, both Landesberg et al.
and Kertai et al. previously showed that even low levels of asymptomatic troponin elevations in the
perioperative period are associated with worse long-term outcome in patients undergoing major
vascular surgery'3°1,

Renal insufficiency is taken into account in most risk indices. For example, the serum creatinine cut-
off value Lee et al used was 2.0 mg/dL (177 mmol/L)*'. However, it might be argued that patients with
less pronounced renal insufficiency also do worse compared to patients with normal serum creatinine
values. A continuous variable for creatinine would probably be better, though not very user-friendly
in every day practice. Recent studies have also shown that glomerular filtration rate might be a better
predictor than serum creatinine since this takes into account the different creatinine concentrations
between sexes2.

C. Non-invasive (stress) testing

Once the assessment of risk factors indicates an increased cardiac perioperative risk, or if there is a
suspicion of CAD upon examination, further cardiac testing is warranted. According to the current
guidelines of the American College of Cardiology/American Heart Association, preoperative cardiac
exercise or pharmacologic stress testing is recommended for (1) patients with an intermediate
pretest probability of CAD, (2) patients undergoing initial evaluation for suspected or proven CAD,
(3) subjects with a significant change in clinical status, (4) demonstration of proof of myocardial
ischemia before coronary revascularization, (5) evaluation of adequacy of medical treatment, and (6)
prognostic assessment after an acute coronary syndrome.>3

One of the main issues in preoperative cardiac risk assessment is to identify those patients who should
undergo additional stress testing before surgery. The randomized, multicenter DECREASE Il study>*
assessed the value of preoperative cardiac testing in intermediate-risk patients receiving beta-
blocker therapy with tight heart-rate control. In total, 1476 vascular surgical patients were divided
into three risk groups based on the risk score of Boersma et al%. All 770 intermediate-risk patients
were randomly assigned to preoperative cardiac stress testing or no testing. Importantly, all patients
in the DECREASE Il study received beta-blocker therapy, irrespective of stress-test results, aiming at
tight heart-rate control, i.e. a heart rate of 60 to 65 beats per minute. This study demonstrated no
differences in cardiac death and Ml at 30 days between patients assigned to no testing versus cardiac
stress testing (1.8% versus 2.3%; odds ratio [OR], 0.78; 95% confidence interval [Cl], 0.28 to 2.1). These
results indicate that intermediate-risk patients undergoing major vascular surgery are at a relatively
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FIGURE 1.3  Sensitivity and specificity of different types of preoperative non-invasive cardiac testing modalities
(derived from Kertai et al.>’)
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low perioperative risk and do not benefit from preoperative cardiac testing when receiving beta-
blocker therapy with tight heart-rate control.

For those patients who require cardiac testing, several noninvasive and physiological (and nonphysi-
ological) stress tests are available for the evaluation of perioperative risk. Nonphysiological stress
tests are especially recommended to detect preoperative myocardial ischemia in asymptomatic
vascular surgery patients (FIGURE 1.3).

C1. Rest Electrocardiography

Different studies have shown an association between abnormal ECG findings and perioperative car-
diac complications3®37. In a large prospective study by Lee et al involving 4315 patients undergoing
major non-cardiac surgery, a history of ischemic heart disease was one of the six independent predic-
tors of major cardiac complications*!. Pathological Q-waves, as an electrocardiographic sign of Ml in
the past, were found in 17% of patients, with a 2.4-fold increased risk of perioperative events. A recent
retrospective study confirmed the prognostic value of routine preoperative electrocardiography in
22,457 non-cardiac operations>. Patients with abnormal ECG findings had a higher incidence of
30-day cardiovascular death compared with patients with a normal ECG (1.8% versus 0.3%; adjusted
OR, 3.4; 95% Cl, 2.4 to 4.5). In addition, it was demonstrated that a preoperative ECG is also predictive
of long-term outcome, independent of clinical findings and perioperative ischemia, in CAD patients
undergoing major non-cardiac surgery>®,

C2. ST-segment Holter recording

The use of ambulant 24-hour ST-segment registration for evaluation of perioperative cardiac risk was
first described by Raby et al.°” They reported a sensitivity of 75% and a specificity of 83% for the
prediction of a combined endpoint of cardiac death and nonfatal MI. A large meta-analysis showed
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lower values, comprising eight studies with a total of 893 patients, with a weighted sensitivity of 52%
(95% Cl, 21% to 84%) and a specificity of 70% (95% Cl, 57% to 83%)>8. The advantages of ST-segment
Holter include its low cost and wide availability.

(3. Exercise Electrocardiogram

The most commonly used physiologic stress test for detecting myocardial ischemia uses a treadmill
or cycle ergometer. Among its advantages, this test provides an estimate of functional capacity, and
hemodynamic response, and detects myocardial ischemia through ST-segment changes. The accu-
racy of an exercise ECG varies widely among studies. A meta-analysis by Kertai et al for the detection of
myocardial ischemia with treadmill testing in vascular surgery patients showed a rather low sensitivity
(74%; 95% Cl, 60% to 88%) and specificity (69%; 95% Cl, 60% to 78%) (FIGURE 1.3) comparable to daily
clinical practice®®. However, important limitations in patients with peripheral vascular disease involve
their frequently limited exercise capacity. Furthermore, preexisting ST-segment deviations, especially
in the precordial leads V5 and V6 at the rest ECG, make a reliable ST-segment analysis more difficult®.

(4. Stress Echocardiography

Because most patients with peripheral vascular disease are unable to exercise maximally, stress
echocardiography with pharmacologic stressors (such as dobutamine) is a good alternative. Although
vasodilators (e.g. dipyridamole or adenosine) may have advantages for the assessment of myocardial
perfusion, dobutamine is the preferred pharmacological stressor when the test is based on an assess-
ment of regional wall-motion abnormalities®.

Dobutamine is a synthetic catecholamine with predominantly B1-receptor-stimulating properties,
resulting in a strong positive inotropic effect and modest chronotropic effect on the heart. During
the stress test, dobutamine is intravenously administered. A graded dobutamine infusion starting at
5 pg/kg/min, and increasing at 3-minute intervals to 10, 20, 30, and 40 pg/kg/min, is the standard for
dobutamine stress echocardiography (DSE). During dobutamine infusion, contractility and heart rate
increase, leading to increased myocardial oxygen demand. Myocardial ischemia leading to systolic
contractile dysfunction, detectable by echocardiography, occurs in regions supplied by hemody-
namically significant stenotic coronary arteries.

Tissue harmonic imaging is advised for stress echocardiography. This special imaging setting reduces
near-field artifacts, improves resolution, enhances myocardial signals, and is superior to fundamental
imaging for endocardial border visualization. The improvement in endocardial visualization is further
enhanced by the use of contrast agents for left-ventricular (LV) opacification. Contrast agents increase
the number of interpretable LV wall segments. These recent developments exhibit decreased inter-
observer variability, and have improved the sensitivity of stress echocardiography®’.

Many reports demonstrated that DSE predicts perioperative events in patients undergoing vascular
surgery®293, The negative predictive value of dobutamine stress tests is high, although the positive
predictive value is much lower.

Kertai et al reported a weighted sensitivity of 85% (95% Cl, 74% to 97%) and a specificity of 70% (95%
Cl, 62% to 69%) for DSE in 850 patients from eight studies (FIGURE 1.3).°8 A recent meta-analysis by
Beattie et al analyzed the predictive value of pharmacological stress testing compared with myocar-
dial perfusion scintigraphy®*. This report included 25 studies (3373 patients) of mainly dobutamine
as well as dipyridamole stress echocardiography. The likelihood ratio of a perioperative event with a
positive stress echocardiography was 4.09 (95% Cl, 3.21 to 6.56).
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C5. Myocardial Perfusion Scintigraphy

Myocardial perfusion scintigraphy (MPS) is a widely used technique in the preoperative risk assess-
ment of patients undergoing vascular surgery. The technique involves intravenous administration
of a small quantity of a radioactive tracer. The detection of CAD is based on a difference in blood-
flow distribution through the LV myocardium. These differences in perfusion can be explained by
insufficient coronary blood flow based on coronary stenosis. Nowadays, technetium-99m-labeled
radiopharmaceutical is the most widely used tracer.

Myocardial perfusion scintigraphy is used in combination with exercise or pharmacologic stress test-
ing to diagnose the presence of CAD. If there is a decrease or loss in regional perfusion after maximal
vasodilatation with, for example, adenosine, as seen in hemodynamically significant CAD or in
transmural Ml, a reduced radiopharmaceutical signal is observed. Stress and rest MPS are compared
for reversible abnormalities. A positive MPS is associated with an increased risk of perioperative and
postoperative cardiac complications. A meta-analysis by Etchells et al investigated the prognostic
value of semiquantitative dipyridamole MPS for perioperative cardiac risk in patients undergoing
non-cardiac vascular surgery®°. They included nine studies, involving a total of 1179 vascular surgery
patients, with a 7% cardiac complication rate. One of the most important findings in this study was
that reversible ischemia in <20% of the myocardial segments did not change the likelihood of periop-
erative complications. The previously mentioned meta-analysis which assessed the prognostic value
of six diagnostic tests reported a sensitivity of 83% (95% Cl, 77% to 89%) and a much lower specificity
of 47% (95% Cl, 41% to 57%) for MPS (FIGURE 1.3).>8

D. Invasive testing

Guidelines of the American College of Cardiology /American Heart Association (ACC/AHA) recom-
mend coronary angiography for patients with high-risk noninvasive test results, and myocardial
revascularization in patients with prognostic high-risk anatomy in whom long-term outcome is likely
to be improved?3. This recommendation was supported by the Coronary Artery Surgery Study that
showed a reduced incidence of non-fatal myocardial infarctions after previous bypass surgery among
vascular surgery patients compared to those treated medically, 8.5% versus 0.6% (p=0.001)%¢. More
recently, the data from the Bypass Angioplasty Revascularization Investigation trial showed that
patients undergoing coronary bypass surgery and percutaneous coronary intervention experienced
similar low rates of postoperative cardiac events in non-cardiac surgery®’. However, these studies
were not designed to assign the optimal strategy in severely ill patients with extensive coronary artery
disease immediately prior to major non-cardiac surgery. In addition, these studies could not address
the concern of delaying the non-cardiac surgical procedure because of testing, revascularization, and
initiation of antiplatelet therapy since the time between revascularization and non-cardiac surgery in
these studies was 4.1 and 2.4 years, respectively. These concerns raise the question whether invasive
test results would alter pre- and perioperative management.

The randomized Coronary Artery Revascularization Prophylaxis (CARP) trial was the first study that
addressed the strategy of prophylactic revascularization, the ultimate consequence of invasive test-
ing, compared to optimal medical therapy in patients with clinically stable coronary artery disease
who were scheduled for major non-cardiac vascular surgery®8. This trial showed that prophylactic
revascularization was safe but did not improve perioperative or long-term outcome. The long-term
(median follow-up 2.7 years) mortality was 22% in patients allocated to prophylactic coronary revas-
cularization, compared to 23% in the medical only strategy, p=0.92 (FIGURE 1.4). Also, the incidence
of perioperative non-fatal myocardial infarction was similar, respectively 12% and 14%, p=0.37. How-
ever, it must be noted that the majority of patients in the CARP trial had only 1 or 2 vessel disease.
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FIGURE 1.4  Results of the CARP trial®.
At a median follow-up of 2.7 years there was no survival benefit in patients who underwent
preoperative coronary revascularization (RR=0.98 95% Cl 0.70-1.37, p=0.92).

The recently conducted DECREASE V randomized pilot study in which the majority of patients had
3-vessel disease also showed no perioperative and long-term (follow-up 1 year) benefit of prophy-
lactic coronary revascularization®, The findings of both CARP and DECREASE V support the current
guidelines of the ACC/AHA on perioperative management in high-risk patients to reserve revascular-
ization only for cardiac unstable patients. After successful non-cardiac surgery these patients should
be regularly screened for the presence of ischemic complaints and aggressive anti-ischemic therapy,
both medical and invasive, should be considered. In these patients at high risk scheduled for major
non-cardiac vascular surgery prophylactic revascularization might be switched to late revasculariza-
tion, thus obviating the delay of surgery.

V. PREVENTION
Medical management

Al. Beta-blockers

Although beta-blockers are widely prescribed as a means for reducing perioperative cardiac events,
randomized controlled trials of beta-blockers have shown divergent results.

Evidence supporting the use of beta-blockers is based mainly on two small, prospectively random-
ized clinical trials and several observational studies. In the first study, Mangano et al. randomized 200
patients with either known or suspected coronary artery disease undergoing high-risk non-cardiac
surgery to receive atenolol (50 mg or 100 mg) or placebo’®. Atenolol therapy was not associated
with an improved in-hospital outcome (cardiac death or MI); however, it was associated with a 50%
reduction in electrocardiogram evidence of myocardial ischemia detected with continuous 3-lead
Holter monitoring during the first 48 h after surgery. Interestingly, patients receiving perioperative
atenolol had a reduced rate of cardiac events 6 to 8 months after surgery compared with the placebo
group, suggesting a delayed beneficial response”’.

In the second trial, the DECREASE (Dutch Echocardiographic Cardiac Risk Evaluation Applying Stress
Echocardiography Study)-I trial, of 112 vascular surgery patients with evidence of myocardial ischemia



Cardiac complications

on preoperative dobutamine stress-echocardiography, Poldermans et al. showed a 10-fold reduction
in the incidence of perioperative cardiac death and Ml with perioperative bisoprolol use compared
with placebo (3.4% versus 34%; P < 0.001)72. The high incidence of perioperative cardiac events was
explained by the selection of high-risk patients for study. From a population of 1351 patients, only
112 met entrance criteria of inducible myocardial ischemia.

In the POBBLE (PeriOperative Beta-BLockadE) trial, only low-risk patients (history of ischemic heart
disease was an exclusion) scheduled for vascular surgery were studied’3. This low-risk population
was randomized to receive either metoprolol 25 mg or 50 mg (n = 55) or placebo (n = 48) starting
the day before surgery and continued during the first 7 days after surgery. There was no difference
in the incidence of perioperative cardiovascular events between the placebo and metoprolol groups
(34% versus 32%). The duration of hospitalization though was shorter for those patients receiving
metoprolol versus placebo (10 days versus 12 days).

In the DIPOM (Diabetic Postoperative Mortality and Morbidity) study the cardioprotective effect
of 100 mg metoprolol started the evening before major non-cardiac surgery was compared with
placebo in 921 diabetic patients’. In that study, there were no differences in 30-day morbidity and
mortality (21% versus 20%; p = 0.66). A limitation of the DIPOM study was that it was only powered
to detect a 10% difference in mortality after 1 year of follow-up.

Recently the results of the large randomized POISE trial were presented. A total of 8351 patients
were randomized to controlled-release oral metoprolol succinate or placebo. The primary endpoint
of cardiac death, myocardial infarction, or cardiac arrest was reduced in the metoprolol group, com-
pared to placebo (5.8% vs. 6.9%, hazard ratio 0.83, 95% Cl 0.70-0.99, p=0.04), driven by a reduction of
non-fatal myocardial infarctions, albeit, at the costs of an increased incidence of total mortality and
stroke. Stroke was associated with perioperative bradycardia, hypotension, and bleeding in patients
randomized to metoprolol with a diseased cerebrovascular tree, suggestive of an over treatment
effect.

There are several explanations for the divergent findings from randomized trials of perioperative beta-
blockers, including the use of a fixed versus individualized dose titrated to the patients heart rate. In
a study of 150 patients, Raby et al. assessed the heart rate threshold for myocardial ischemia before
surgery using Holter monitoring’. Patients with myocardial ischemia (n = 26) were then randomized
to receive IV esmolol titrated to aiming at tight heart rate 20% less than the ischemic threshold but
>60 bpm or placebo. Of the 15 patients receiving esmolol, 9 had mean heart rates below the ischemic
threshold and none experienced postoperative ischemia. Four of 11 patients receiving placebo had
a mean heart rate below the ischemic threshold, and 3 of the 4 had no postoperative ischemia.
Together, of the 13 patients with heart rates below the ischemic threshold, 1 (7.7%) had postop-
erative myocardial ischemia versus 12 of 13 (92%) patients with heart rates exceeding the ischemic
threshold. Feringa et al. found similar results in a study of 272 patients receiving beta-blocker therapy
and undergoing vascular surgery’®. In that study it was shown that higher doses of beta-blockers and
lower heart rate were associated with reduced Holter monitoring-detected perioperative myocardial
ischemia (HR, 0.40; 95% confidence interval [Cl] 0.21-0.56) and troponin T release (HR, 0.65; 95% ClI
0.49-0.86). These data suggest that monitoring of the heart rate and consequent beta-blocker dose
adjustment is of critical importance.

The conflicting results of perioperative beta-blocker trials might be further explained by varying dura-
tions of therapy. As mentioned, although the sympathico-inhibitory effects of beta-blockers occur
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almost instantly, the anti-inflammatory effects may be observed only after prolonged treatment. As
mentioned, in the Mangano et al. study, the major benefits of atenolol were observed in the months
after surgery’°. In the DIPOM, POBBLE and POISE trials, beta-blocker therapy was initiated on the day
before surgery. The DECREASE-I trial showed the largest effect of perioperative beta-blocker therapy.
The time between beta-blocker therapy initiation and surgery was 37 days in this trial’2.

Further, withdrawal of beta-blocker therapy shortly before surgery, or in the immediate postoperative
period, might contribute to adverse myocardial effects resulting from a “rebound” effect resulting in
increased arterial blood pressure, heart rate, and plasma noradrenalin concentrations’”. Redelmeier
et al. have recently shown that the long-acting agent atenolol was superior to the short-acting drug,
metoprolol, when given perioperatively, probably as the result of acute withdrawal effects from
missed doses of short-acting beta-blockers’8. On the other hand care should be taken not to over
treat the patient. In the POISE study, metoprolol succinate, a long-acting B-blocker, dose was used
with a starting dose of 100 mg, 2 to 4 hours prior to surgery, again 100 mg 0 to 6 hours after surgery,
and a dose of 200 mg 12 hours after the first postoperative dose. Thereafter the daily maintenance
dose was started at 200 mg. Medication was withheld if blood pressure dipped below 100 mmHg or
heart rate was below 50 bpm. So, on the first day of surgery metoprolol succinate could have been
administered at a dose up to 400 mg on the day of surgery, 100% of the maximum daily therapeutic
dose (MDTD). In the non-surgical setting, much lower starting doses are recommended, for instance
in patients with NYHA Class Il heart failure 12.5 to 25 mg daily is started for two weeks and for hyper-
tension the initial dose is 25 to 100 mg, usually increased at weekly intervals.

Ischemia on preoperative testing
Other indication for B-blocker use

Known coronary artery disease

High cardiac risk
(based on clinical risk factors)

Intermediate cardiac risk
(based on clinical risk factors)

Low cardiac risk
(based on clinical risk factors)

1996 2002 2006
- Recommended : Reasonable : Might be reasonable

FIGURE 1.5  Evolving guideline recommendations on the use of perioperative beta-blockade in the last decade.
Based on the ACC/AHA 2006 guideline update on perioperative cardiovascular evaluation for non-
cardiac surgery: focused update on perioperative beta-blocker therapy: a report of the American
College of Cardiology/American Heart Association Task Force on Practice Guidelines.
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Proposed recommendations. In patients with Class | indications for B-blockers for secondary preven-
tion of heart disease, therapy is recommended independent of the non-cardiac surgery (FIGURE 1.5).
However, further study is required to determine the optimal dose and time to initiate the drug before
surgery. This is particularly relevant in patients with cerebrovascular disease.

We believe that the protocol utilized in the DECREASE studies (low dose long-acting agents titrated
to effect at least 7 days in advance) is associated with overall benefit compared to risk, while high
dose therapy started the morning of surgery is associated with greater risk than benefit.

What do we do for those with indications for perioperative 3-blocker therapy, but in whom there is
insufficient time to appropriately titrate the medication? The overriding theme is that tachycardia due
to perioperative events, i.e. bleeding, hypovolemia, inadequate control of pain or infection, should
not be initially treated with additional B-blocker; the underlying cause of these conditions should be
treated first. If tachycardia persists, then 3-blocker can be used cautiously in high-risk patients with
proven or suspected coronary artery disease, preferable supervised in the perioperative setting by
physicians who have experience with perioperative hemodynamics.

A2. Statins

Several recent retrospective studies have shown a beneficial effect of statins on perioperative cardiac
outcome with adjusted Hazard ratio’s ranging from 0.20 to 0.62 (TABLE 1.3).7°-818384 Importantly,
Kertai et al also found the effect of statins to be independent of B-blocker use.®' The first blinded,
placebo-controlled, randomized trial that investigated the influence of statin use on perioperative
cardiovascular complications has been reported by Durazzo et al.8? This research group randomly
assigned 100 patients to treatment with either 20 mg of atorvastatin or placebo. Patients received
treatment for 45 days and at least 2 weeks before surgery. One month after surgery, patients with

TABLE 1.3  Studies of the effectiveness of perioperative statin use in major vascular, non-cardiac surgery.

Author Year Type of study N Type of surgery Rx prior to
surgery
Poldermans et al.2° 2003 Case-control 480 Vascular Chronic use
Kertai et al.8! 2004 Cohort 570 Vascular Chronic use
Durazzo et al.#2 2004 RCT 100 Vascular 30 days
Lindenauer et al.8 2004 Cohort 780,591 General Chronic use
O'Neil-Callahan et al.8* 2005 Cohort 1,163 Vascular Chronic use
Cont'd End Point Event rate in 0Odds Ratio NNT
controls
Poldermans et al.2° 30-day all cause mortality Not reported 0.22 Not reported
Kertai et al.8! 30-day mortality or nonfatal MI 11.0% 0.24 14
Durazzo et al.®2 Death, nonfatal Ml, ischemic 26% 0.31 6

stroke, unstable angina within 6
months after surgery
Lindenauer et al 8 In-hospital all cause mortality 3.2% 0.71 109
O’'Neil-Callahan et al.8#*  Composite of death, M, 16.5% 0.52 15
ischemia, congestive heart
failure, ventricular tachycardia
during hospitalization
RCT = Randomized Controlled Trial; CEA = Carotid Endarterectomy; MI = Myocardial Infarction; NNT = Number Needed to
Treat
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elevated cholesterol levels were advised to continue or start statin therapy. The outcome of this trial
was the end point of cardiovascular events, defined as cardiac death, nonfatal myocardial infarction,
stroke, or unstable angina pectoris. Patients were monitored up to 6 months after the surgical pro-
cedure. Of 100 patients, 44 statin users and 46 nonusers underwent elective vascular surgery. The
6-month incidence of cardiovascular events was reduced by 3.1-fold in statin users compared with
nonusers (p=0.022).

A major concern of perioperative statin therapy has been the risk of statin-induced elevated serum
transaminases, myopathy, and rhabdomyolysis. An important potential risk factor in the periopera-
tive setting is the use of concomitant medications. The risk of myopathy might increase with con-
comitant drugs that are myotoxic or increase serum statin levels. Besides concomitant medication
use, numerous other factors in the perioperative setting might increase the risk of statin-induced
myopathy, including impairment of renal function after major surgery, the use of analgesic agents,
and postoperative pain that might mask signs of myopathy. Failure to detect statin-induced myopa-
thy may then lead to continuous statin use and the subsequent development of rhabdomyolysis and
acute renal failure. In a retrospective study of 885 consecutive patients undergoing major vascular
surgery, no case of rhabdomyolysis or a significant higher creatine kinase level in the 211 statin users
was observed®’. Considering that the risk of cardiovascular complications is far greater than the
risk of statin-induced myopathy and rhabdomyolysis, the potential benefits of perioperative statin
use seem to outweigh the potential hazards. The safety of statins should be confirmed in blinded,
randomized trials, however.

A3. Antiplatelet therapy

Studies on the effectiveness of antiplatelet therapy to prevent cardiac complications in patients
undergoing vascular surgery are non-existent. However, a large proportion of patients with periph-
eral arterial disease are on antiplatelet therapy as a means of secondary prevention.

What should be done with antiplatelet therapy in the perioperative setting? In their extensive review
ontheimpact of antiplatelet therapy on perioperative bleeding complications, Harder et al. concluded
that monotherapy with aspirin or clopidogrel alone usually does not have to be discontinued in the
perioperative period®, This conclusion was confirmed in the meta-analysis of Burger et al.?® In 41
studies including a total of 49 590 patients undergoing a variety of non-cardiac surgical procedures
(14 981 on perioperative aspirin and 34 609 not on aspirin) they found that aspirin continuation led
to a 1.5 times increased risk of bleeding complication, but not to a higher level of the severity of
bleeding complications. They concluded that based on their meta-analysis aspirin should only be
discontinued perioperatively if bleeding risks with increased mortality or sequels are comparable to
the observed cardiovascular risks after aspirin withdrawal.

This issue is of particular relevance to patients with (recent) coronary stent placement. Surgery
increases the in-stent thrombosis risk in these patients due to a perioperative stress response includ-
ing sympathetic activation promoting sheer stress on arterial plaques, enhanced vascular reactivity
conducive to vasospasm, reduced fibrinolytic activity, platelet activation, and hypercoagulability. In
addition, while the surgical patient is in a hypercoagulable state dual antiplatelet therapy is often
interrupted because of the fear for excessive bleeding complications during surgery. This double-
edged sword of dual antiplatelet therapy, prevention of cardiac complications on one hand and an
excess of bleeding risk on the other, remains a controversial issue in perioperative management. Is
has recently been suggested that non-cardiac surgery after PCl with stenting should be delayed at
least 6 weeks and dual antiplatelet therapy is associated with improved outcome®. It is advisable to
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continue at least single antiplatelet therapy in patients with a history of coronary stent placement.
Obviously for each patient a personalized decision should be made based on the possibility and
anticipated severity of perioperative bleeding complications and the risk of in-stent thrombosis with
subsequent myocardial infarction and cardiac death.

Preoperative coronary revascularization

The randomized Coronary Artery Revascularization Prophylaxis (CARP) trial was the first study that
addressed the strategy of prophylactic revascularization compared to optimal medical therapy in
patients with clinically stable coronary artery disease who were scheduled for major non-cardiac
vascular surgery®8. This trial showed that prophylactic revascularization was safe but did not improve
perioperative or long-term outcome. The long-term (median follow-up 2.7 years) mortality was 22%
in patients allocated to prophylactic coronary revascularization, compared to 23% in the medical
only strategy, p=0.92 (FIGURE 1.4). In addition, the incidence of perioperative non-fatal myocardial
infarction was similar, respectively 12 and 14%, p=0.37. However, it must be noted that the majority
of patients in the CARP trial had only 1 or 2 vessel disease. In the nonrandomized cohort of the CARP
trial 48 patients (4.6%) had left main stenosis. In this cohort, patients who had undergone preopera-
tive revascularization did seem to have an improved 2.5 year survival (84% vs. 52%). In a post-hoc
analysis coronary artery bypass grafting was associated with fewer myocardial infarctions and a
shorter hospital stay compared to percutaneous coronary interventions in patients receiving multi-
vessel coronary artery revascularization as prophylaxis®'. However, more complete revascularization
accounted for these intergroup differences.

For the DECREASE V study, a total of 1880 patients scheduled for major non-cardiac vascular surgery
were screened®®. Those with 3 or more clinical risk factors (age > 70 yrs, myocardial infarction, angina
pectoris, congestive heart failure, diabetes mellitus, renal failure, and cerebrovascular events) all
underwent preoperative cardiac stress testing. Those with extensive stress-induced ischemia (= 5
segments or > 3 walls) were randomly assigned for additional revascularization. All received beta-
blockers aiming at a heart rate of 60-65 bpm and antiplatelet therapy was continued during surgery.
Of 430 high-risk patients, 101 (23%) showed extensive ischemia and were randomly assigned to
revascularization (N=49) or no-revascularization (n=52). Coronary angiography showed 2-vessel
disease in 12 (24%), 3-vessel disease in 33 (67%), and left main in 4 (8%). This study population reflects
the patients at highest cardiac risk in the perioperative period. Compared to the CARP trial the
perioperative cardiac risk in the DECREASE V population was even higher; all patients had extensive
stress induced myocardial ischemia and 75% had 3-vessel or left main disease. If a beneficial effect on
postoperative outcome could have been expected of prophylactic coronary revascularization, then it
would be seen at least in this group of patients. However, the results of the trial were disappointing.
Two patients died after revascularization, but prior to operation because of a ruptured aneurysm.
Revascularization did not improve perioperative outcome, the incidence of cardiac death and
myocardial infarction was 43 vs. 33%, OR 1.4, 95% Cl 0.7-2.8 (p=0.30). Also no benefit during 1-year
follow-up was observed after coronary revascularization, 49 vs. 44%, OR 1.2, 95% Cl 0.7-2.3 (p=0.48).

The apparent lack of benefit of prophylactic coronary revascularization is not fully understood. Most
likely patients with stress induced ischemia not only suffer from a blood flow limiting coronary lesion
but also from (multiple) non-significant lesions which are vulnerable to rupture due to the stress of
surgery. The perioperative stress response, which includes a cytokine response, catecholamine surge
with associated hemodynamic stress, vasospasm, reduced fibrinolytic activity, platelet activation and
consequent hypercoagulability triggers coronary plaque rupture, leading to thrombus formation
and subsequent vessel occlusion.
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Autopsy results have shown that this mechanism is responsible for at least half of all perioperative
infarctions. These findings are in line with dobutamine echocardiography results that show a cor-
relation between the assessment of the preoperative culprit coronary lesion and the location of the
perioperative myocardial infarction in only half of all cases. Surgical or percutaneous treatment of the
culprit coronary lesion(s) apparently provides insufficient extra protection on top of medical treat-
ment for rupture of these instable lesions.

VI. TREATMENT

The treatment of perioperative cardiac complications often is more challenging and less straightfor-
ward compared to the treatment of acute coronary syndromes in the nonoperative setting. Where
aggressive anti-coagulation or antiplatelet therapy is standard in nonoperative patients, in those
who recently underwent vascular surgery a delicate balance between bleeding and thrombotic
complications must be found. In this setting the choice of treatment for cardiac complications in
vascular surgery should be appreciated.

For patients in the non-operative setting, recently new guidelines have been developed for acute
coronary syndromes®2-%>, One of the criteria upon which the treatment decision is based is the type
of acute coronary syndrome; i.e. non ST-segment elevation myocardial infarctions or ST-segment
elevation myocardial infarctions.

In general for patients with non-ST segment elevation infarction, medical therapy is sufficient. This
should consist of adequate beta-blockade, and anticoagulation in addition to antiplatelet therapy
and statin therapy. In case of non-ST segment elevation infarction in the perioperative setting a
physician experienced in this type of complications should be consulted.

The ST-segment elevation myocardial infarction is an absolute emergency both in nonoperative and
operative patients. Depending on several factors immediate reperfusion strategies, e.g. fibrinolytic
therapy and PTCA with stenting, should be considered. The indications for therapy are described in
the ESC and ACC guidelines and a cardiologist should be consulted immediately to discuss the pros
and cons of the different treatment strategies for each individual postoperative patient.

VIl. IMPACT OF CARDIAC COMPLICATIONS ON OUTCOME

A. Acute

The acute impact of cardiac complications, in particular myocardial infarction, is significant. Sprung
and colleagues analyzed 6948 vascular operations at the Cleveland Clinic and found 107 patients
with postoperative transmural MIs®®. The overall in-hospital mortality rate was 20.6% with the highest
mortality on postoperative day 0. In a similar series, Badner and coworkers reported a 17% post-
MI mortality rate after non-cardiac surgery?’. Although these mortality rates are better than rates
reported in older series (presumably owing to improved anesthetic care, beta blockers, and so forth),
a death rate from Ml of almost one in five remains startlingly high.

B. Long-term
|!l

Some authors have questioned the long-term clinical importance of non-Q wave MiIs (i.e. “chemica
Mils) in vascular surgery patients. Yeager and colleagues followed 8 of 31 patients who sustained a
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perioperative MI with “chemical MIs” in which enzyme elevation was the sole indicator of postopera-
tive MI. At a mean follow-up of 27.7 months, survival for patients with nonfatal perioperative Ml at
1 and 4 years was 80% and 51%, which did not differ significantly from that of control patients (90%
and 60%; p>0.05)%. Although these investigators concluded that “a perioperative chemical MI” may
not be a clinically significant event, patients surviving nonfatal perioperative Mls after peripheral
vascular surgery did have a higher incidence of subsequent adverse cardiac events and subsequent
coronary artery revascularization. Similarly, McFalls and coworkers reported that even in vascular
patients with perioperative transmural Mls, nonfatal perioperative Ml was only a marginally signifi-
cant independent predictor of 1-year mortality (p=0.06), whereas the extent of vascular disease at
presentation was a more important determinant of survival®®. However after 2.5 years of follow-up
survival of patients without a perioperative Ml turned out to be significantly better than in those with
a perioperative MI®°,

These optimistic reports have not been supported by more recent publications using more sensitive
cardiac biomarkers such as cardiac troponin. As was already shown in a series of 2003 patients, a
perioperative troponin T release >0.03 ng/ml and/or a troponin | release >0.6 ng/ml had a significant
independent 2-fold increased risk for long-term mortality during a mean follow-up of 32 months'3.
This has been confirmed in a study of 393 vascular surgery patients by Kertai et al.: an increase in
troponin T level > 0.1 ng/ml was associated with a 1.9-fold increased risk for all-cause mortality dur-
ing a median follow-up of 4 years®'. Overall, the incidence of death, myocardial infarction, stroke,
or severe myocardial ischemia requiring coronary reperfusion after perioperative troponin release
within 1 year after hospital discharge is as high as 20-40% in several studies.

Finally it should be emphasized that patients undergoing non-cardiac vascular surgery are at high risk
forlong-term cardiac events, even those without perioperative cardiac complications. In fact, patients
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FIGURE 1.6  Long-term survival after vascular surgery or after an acute coronary event (derived from Welten
etal.'4).
CAD = patients with an acute coronary event but without vascular surgery
CEA = patients who underwent carotid endarterectomy
LLR = patients who underwent lower limb arterial reconstructions
AAA = patients who underwent abdominal aortic aneurysm repair
r-AAA = patients who underwent ruptured abdominal aortic aneurysm repair
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who undergo vascular surgery have a worse prognosis compared to patients who experienced an
acute coronary event (FIGURE 1.6). This difference is partially caused by a marked undertreatment
of patients with PAD compared to patients with established, symptomatic coronary artery disease.
Optimal medical treatment of these patients is of critical importance and recent guidelines such as
the ACC/AHA guidelines and the TASC2 guidelines should be adhered to so that the patient lives long
enough to enjoy the benefits of vascular surgery00.101,
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Cardiac risk in non-cardiac surgery

Cardiac complications are a major cause of perioperative morbidity and mortality in patients under-
going non-cardiac surgery. It is estimated that the incidence of such complications is between 0.5
and 1.0 per cent'. Worldwide, about 100 million adults undergo some form of non-cardiac surgery
each year, and so between 500,000 and 1,000,000 people will suffer from perioperative cardiac com-
plications; one of four of them will die from this cause.

In recent years the scope of perioperative cardiac risk stratification and cardioprotective therapy
has changed. In addition to localized treatment of culprit coronary artery lesions, systemic therapy
focusing on coronary plaque stabilization has been introduced. Although the pathophysiology of
perioperative myocardial infarction (M) is not entirely clear, plaque rupture, leading to thrombus
formation and subsequent vessel occlusion, is implicated in a similar manner to that causing Ml in
the non-operative setting. The incidence of plaque rupture may be increased by the stress response
to major surgery. This response includes sympathetic activation promoting sheer stress on arterial
plaques, enhanced vascular reactivity conducive to the development of vasospasm, reduced fibrin-
olytic activity, platelet activation and hypercoagulability. Heightened sympathetic tone also increases
myocardial oxygen requirements (for example through tachycardia and increased contractility),
leading to a mismatch between oxygen supply and demand that, when sustained, can lead to infarc-
tion. Several studies of the pathophysiology of perioperative M| using non-invasive tests, coronary
angiography and autopsy have shown that coronary plaque rupture and thrombus formation occur
in 50 per cent of all fatal Mls, whereas a sustained oxygen supply-demand mismatch is responsible for
the other 50 per cent. Lesions causing stenosis severe enough to lead to an oxygen supply-demand
mismatch are also considered to be a marker for the presence of other non-obstructive lesions. These
other lesions are also at risk of inflammation and rupture, and are likely to trigger a perioperative
acute coronary syndrome. These findings explain why patients at risk can be identified by preopera-
tive cardiac stress testing and why the site promoting the perioperative event may not be identical to
the culprit coronary artery lesion identified before surgery.

The unpredictability of vulnerable coronary plaque rupture produces new challenges in periop-
erative cardiac risk stratification and cardiac risk modification in the surgical setting. Traditionally,
stratification has been based on a combination of clinical risk factors and additional cardiac testing,
and indices such as the Revised Cardiac Risk Index have proven their reliability and reproducibility
in clinical practice’. For patients suspected to be at high cardiac risk, additional tests, such as dobu-
tamine stress echocardiography, may further refine risk stratification?.

Although traditional imaging tools identify major coronary stenoses, they generally overlook those
relatively mild coronary lesions that, as noted above, are responsible for half of all perioperative
cardiac events. Inflammation is one of the key features of these unstable, vulnerable coronary
plaques. In the non-operative setting, the role of several inflammatory biomarkers for the prediction
of coronary events has been studied both in healthy people and in patients with stable coronary
artery disease, acute coronary syndromes or requiring secondary prevention. These markers include
C-reactive protein, interleukin 6, serum amyloid A, tumor necrosis factor, soluble intercellular adhe-
sion molecule 1, macrophage inhibitory cytokine 1, soluble P-selectin and CD40 ligand. However,
studies of inflammatory biomarkers for the prediction of adverse perioperative cardiac events are
scarce; future research into perioperative cardiac risk prediction must focus on these biomarkers.

The nature of perioperative cardiac events has implications for perioperative cardioprotective
therapy. Local therapy may be the best option for the culprit lesion. In high-risk patients myocardial
oxygen-supply mismatch might be counteracted by beta-blockers, and in this context it is important
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to appreciate that only adequate beta-blocker use (that achieving a target heart rate of less than 65
beats per min) seems to lower the perioperative cardiac event rate. However, for those with multiple
coronary artery lesions suggestive of left main or three-vessel disease, beta-blocker therapy alone
may prove sufficient. Although previously considered as an appropriate preoperative treatment for
these patients, prophylactic preoperative coronary revascularization is now known not to reduce the
incidence of perioperative cardiac events sufficiently*>. This is probably because such revasculariza-
tion cannot prevent the rupture of vulnerable plaques.

Systemic therapy should be considered for the prevention of vulnerable plaque rupture and it is
noteworthy in the non-operative setting that the recently published Medicine, Angioplasty, or
Surgery Study (MASS) Il and Clinical Outcomes Utilizing Revascularization and Aggressive druG
Evaluation (COURAGE) trials®” both found no additional benefit from coronary revascularization
over best medical treatment only in patients with stable multivessel coronary artery disease. Medical
treatment in both trials included rigorous statin and aspirin therapy. Recent literature also suggests
an important role for this type of anti-inflammatory medication in surgical patients. For example,
perioperative statin therapy in vascular surgical patients seems to be safe and effective for the pre-
vention of perioperative cardiac events®. This cardioprotective effect of statins is independent of their
lipid-lowering effect and is attributed to their so-called pleiotropic potential. The pleiotropic effects
of statins depend on several possible plaque-stabilizing mechanisms, such as increased production
of endothelin 1 and generation of reactive oxygen expression of endothelial nitric oxide synthase,
reduced species, improvement of thrombogenic profile and, importantly, reduction in inflammation
by reduced expression of inflammatory cytokines, chemokines and adhesion molecules, and a lower-
ing of C-reactive protein levels.

What are the implications of these new insights for surgical practice? Recentimprovements in periop-
erative medical therapy have diminished the need for extensive cardiac assessment in most patients;
this reduces any delay to surgery. Medical therapy to improve the balance of myocardial oxygen
supply and demand, such as beta-blockade, does not interfere with any planned operation; cardi-
oselective beta-blockers, in particular, are safe even for patients with chronic obstructive pulmonary
or peripheral arterial disease. Statin therapy aimed at coronary plaque stabilization also seems to be
safe. The use of antiplatelet agents in the perioperative period is more controversial. A meta-analysis
of 41 studies, including a total of 49 590 patients undergoing a variety of non-cardiac operations, has
shown that aspirin continuation is associated with a 1.5-fold increased risk of bleeding complications
but not with a higher level of severity of such complications®.

In summary, to improve postoperative cardiac outcome after non-cardiac surgery a dual approach is
required. First, one must focus on correcting the mismatch of myocardial oxygen supply and demand.
Second, one must stabilize the coronary artery atheromatous plaque. At present, these needs are
best met with a combined medical therapy of cardioselective beta-blockers, statins and, if possible,
aspirin.
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INTRODUCTION

Patients scheduled for non-cardiac vascular surgery are at significant risk of cardiovascular morbid-
ity and mortality due to underlying symptomatic or asymptomatic coronary artery disease. As was
shown by Hertzer et al. in their landmark study in 1984 of 1000 patients undergoing non-cardiac
vascular surgery, 61% of all patients did have at least one coronary artery with a stenosis of 50% or
more’. In fact, only 8% of all patients did have a normal coronary angiogram. Importantly, there was
no difference between patients who presented with an abdominal aortic aneurysm, lower extremity
ischemia, or cerebrovascular disease. More recent studies using functional tests such as dobutamine
stress echocardiography confirmed the high incidence of coronary artery disease in vascular surgical
patients. In a study population of 1097 vascular surgical patients with at least one cardiac risk factors,
the incidence of wall motion abnormalities at rest was nearly 50% while one fifth of patients had
stress induced myocardial ischemia?.

The high prevalence of coronary artery disease in vascular surgical patients explains the high
incidence of perioperative cardiac events in this patient population. Though recent developments
in anesthesiological and surgical techniques, e.g. locoregional anesthesia and endovascular treat-
ment modalities, have improved postoperative cardiac outcome considerably, perioperative cardiac
complications remain a significant problem. The incidence of perioperative myocardial infarction is
around 5% and the prevalence of (a-) symptomatic perioperative myocardial ischemia as assessed by
serum troponin | or serum troponin T in major vascular surgery is even 15 to 25%2%4.

Patients undergoing vascular surgery are also susceptible to cardiovascular events during long-term
follow-up after the surgical procedure. Over half of all long-term deaths in this population are attrib-
utable to cardiac events. The preoperative work up of vascular patients should be considered as an
excellent opportunity to identify patients at increased long-term risk and treat them appropriately
to lower the long-term risk for cardiovascular events. After all, the patient should live long enough to
enjoy the benefits of the vascular surgical intervention.

This review will provide an overview of the current status of preoperative work-up of patients under-
going non-cardiac vascular surgery.

CLINICAL CARDIAC RISK SCORES

Non-cardiac surgery

The first, most simple and least costly step in preoperative cardiac risk stratification is the identifica-
tion of clinical cardiac risk factors. In the last three decades much attention has been given to the
identification of patients at risk by using simple clinical cardiac risk factors. This research has led to
numerous cardiac risk indices for non-cardiac surgical procedures (TABLE 3.1).

In 1977 Goldman et al. proposed the first cardiac risk stratification model based on prospectively col-
lected data®. In this study of 1001 patients, nine independent predictors were found to be correlated
with postoperative life-threatening and fatal cardiac complications: preoperative third heart sound
or jugular venous distention; myocardial infarction in the preceding six months; more than five pre-
mature ventricular contractions per minute documented at any time before operation; rhythm other
than sinus rhythm or presence of premature atrial contractions on preoperative electrocardiogram;
age over 70 years; intraperitoneal, intrathoracic or aortic operation; emergency operation; important
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TABLE 3.1 Risk factors according to the classifications of Goldman, Lee, and Boersma for adverse postoperative
outcome in patients undergoing all types of non-cardiac surgical procedures.

Goldman etal.’ Lee etal.” Boersma et al.®
1977 1999 2005
Life-threatening and fatal cardiac Major adverse cardiac event Cardiovascular death
complication
Third heart sound or jugular venous Congestive heart failure Congestive heart failure
distention
Myocardial infarction in the preceding Ischemic heart disease Ischemic heart disease
six months
> 5 PVCs per minute at any time before Cerebrovascular disease Cerebrovascular disease
operation
Other than sinus rhythm or presence PACs Insulin dependent diabetes mellitus Insulin dependent diabetes mellitus
Age over 70 years Renal failure Renal failure
Intraperitoneal, intrathoracic or aortic High-risk surgery Surgical risk according to the AHA/
operation ACC classification
Emergency operation Age: <40 yrs, 40-50, 50-60, 60-70,70-
80, 280

Important valvular aortic stenosis
Poor general medical condition

No. patients in original report: 1001 No. patients in original report: 2893 No. patients in original report: 108 593
AUC in original report: 0.77 AUC in original report: 0.85

PVC = Premature Ventricular Contraction; PAC = Premature Atrial Contraction

valvular aortic stenosis; and poor general medical condition. The incidence of adverse cardiac events
was 1% in the group at lowest risk (class 1), and increased to 7%, 14%, and 78% in class Il, lll, and IV
patients respectively. However, it must be noted that only 18 patients were in the group at highest
risk. The Goldman index has a 96.8% negative predictive value, and thus is an excellent tool to rule
out CAD. The value of the Goldman index for diagnosing patients with CAD on the other hand was
less optimal, i.e. a positive predictive value of 21.6%.

In 1986 Detsky et al. prospectively validated and modified the Goldman index and presented a
simple normogram, introducing the pre-test likelihood of perioperative cardiac events for cardiac
risk stratification®. The Detsky modified multifactorial risk index has been in use ever since and is
considered to be a good and practical index.

In 1999 Lee et al. reviewed the performance of several clinical risk indices in patients who underwent
elective non-cardiac surgery’.They found that the Goldman riskindex and the Detsky modified cardiac
risk index had a similar performance for predicting major cardiac complications. However, when the
Goldman risk index was revised and validated, the predictive value of the risk index had substantially
improved. In the validation cohort the ROC area improved form 0.70 for the original Goldman index
to 0.81 for the Revised Cardiac Risk Index by Lee et al. The Revised Cardiac Risk Index identified 6 pre-
dictors (high-risk surgery, ischemic heart disease, congestive heart failure, cerebrovascular disease,
insulin dependent diabetes mellitus, and renal failure) of major cardiac complications, and based
on the presence of 0, 1, 2, or 3 or more of these predictors, the rate of major cardiac complications
was estimated to be 0.4%, 0.9%, 7%, and 11%, respectively. Interestingly the Lee index has better
prognostic value than the Goldman and Detsky indices though the number of cardiac risk factor
variables in the Lee index is smaller. This might be explained by the improvement of perioperative
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care in the time between the development of the Goldman and Lee risk indices. Nowadays, the Lee
index is considered the most relevant index for predicting perioperative cardiac risk in non-cardiac
surgery by many clinicians and researchers. However, the patients studied by Lee et al. can hardly be
considered as an average non-cardiac surgical population. Thoracic, vascular and orthopedic patients
were overrepresented in this study population.

Recently, Boersma et al. developed the Erasmus Risk Index, a further refinement of the Revised Car-
diac Risk Index®. This index was based on an administrative database of 108 593 patients undergoing
all types of non-cardiac surgery during a period of 10 years at a university medical center in the
Netherlands. Of these patients 1877 (1.7%) died in hospital, including 543 cardiovascular deaths.
Applying the Revised Cardiac Risk Index in this population the corresponding odds ratios for patients
without risk factors, 1, 2, or > 3 were 1 (reference), 2.0, 5.1, and 11.0 respectively, with a C statistic
for the prediction of cardiovascular mortality of 0.63. Importantly, if more precise data about the
type of operation was introduced in the model the C statistic significantly increased to 0.79. Add-
ing age resulted in an even better C index of 0.83. These data suggest that the Revised Cardiac Risk
Index by Lee et al. is probably suboptimal for identifying patients with greater cardiac risk, perhaps
because it excluded emergency operations and perhaps because the type of surgery, which is one
of the main determinants of adverse cardiovascular outcome, was considered in only 2 subtypes:
high risk, including intraperitoneal, intrathoracic and suprainguinal vascular procedures; and all
remaining nonlaparascopic procedures, mainly including orthopedic, abdominal, and other vascular
procedures. In the study by Boersma et al. it was found that a more subtle classification, as suggested
by the American Heart Association/American College of Cardiology guideline committee, resulted, at
least retrospectively, in a substantially better risk discrimination.

Non-cardiac vascular surgery

Patients undergoing non-cardiac vascular surgery are at high risk for postoperative cardiac com-
plications due to underlying coronary artery disease. Several risk indices have been developed to
stratify vascular surgical patients based on clinical cardiac risk factors (TABLE 3.2). In general, patients
undergoing carotid artery stenosis repair have the least cardiac risk, followed by lower extremity
revascularization procedures and abdominal aortic procedures. Some risk indices only describe major
non-cardiac vascular surgical procedures, a term commonly used for lower extremity and abdominal
aortic surgery.

The Glasgow aneurysm score, described in 1995, was one of the first cardiac risk scores dedicated
to only vascular surgical procedures®. In a retrospective study of 500 randomly chosen patients
scheduled for open abdominal aortic aneurysm repair potential preoperative risk factors were
related to postoperative in-hospital mortality. In multivariate analysis age, shock, myocardial disease,
cerebrovascular disease, and renal disease were independently associated with adverse periopera-
tive outcome.

One year after the introduction of the Glasgow aneurysm score, the Leiden Risk Model was proposed
by Steyerberg et al.’® This study group composed a clinical prediction rule for perioperative mortality,
using several risk factors obtained from literature. These risk factors included age, gender, a history
of myocardial infarction, congestive heart failure, ischemia on the electrocardiogram, pulmonary
disease, and renal dysfunction. Data from 246 patients undergoing open abdominal aortic aneurysm
repair were used to validate the prediction rule. In the prediction rule, cardiac, renal, and pulmonary
co-morbidity were found to be the most important risk factors, while age had only a moderate effect
on perioperative mortality.
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TABLE 3.2

Risk factors in vascular surgical procedures.

Glasgow Aneurysm Score®
1994, major vascular surgery

All-cause perioperative mortality

Leiden Risk Model'®
1995, major vascular surgery

All-cause perioperative mortality

Lltalien et al."
1996, major vascular surgery
Cardiac death and nonfatal Ml

Myocardial disease
Cerebrovascular disease
Renal dysfunction

Age

No. patients in original report: 500

Myocardial Infarction
Congestive Heart Failure
ECG evidence of ischemia
Female gender

Renal dysfunction

Chronic pulmonary disease
Age (<60; 60-70; >70 years)

No. patients in original report: 246

Myocardial Infarction
Congestive Heart Failure
Angina Pectoris

Prior Coronary Revascularization
Diabetes Mellitus

Age > 70 years

No. patients in original report: 1081

AUC in original report: 0.74

Boersma et al.2
2001, major vascular surgery

Cardiac death and nonfatal M|

Customized Probability Index'?
2005, vascular surgery

All-cause perioperative mortality

Myocardial Infarction Ischemic heart disease

Congestive Heart Failure Congestive heart failure
Angina Pectoris Cerebrovascular events
Cerebrovascular events Hypertension
Renal dysfunction

Diabetes Mellitus

Renal dysfunction
Chronic pulmonary disease
Age > 70 years Type of vascular surgery (ruptured AAA; elective AAA; lower

extremity; carotid)
No. patients in original report: 1097 No. patients in original report: 2310

AUC in original report: 0.78 AUC in original report: 0.85

A total of 1081 consecutive patients undergoing major elective vascular surgery were used for the
development and validation of a Bayesian model for preoperative cardiac risk assessment by L'ltalien
etal.in 1996'". The outcome for this study was a combination of nonfatal myocardial infarction and
cardiac death. Using 567 patients as a derivation cohort the following risk factors were identified as
predictors for adverse postoperative outcome: myocardial infarction, congestive heart failure, angina
pectoris, prior coronary revascularization, diabetes mellitus, and age > 70 years. Importantly, the
validation cohort of 514 patients showed a prognostic accuracy of 74%. Patients classified as low,
intermediate and high risk had cardiac event rates of 3%, 8%, and 18% respectively.

Patients enrolled in the DECREASE | trial were used for the development of a risk score for elective
major vascular surgery in 20012, This study identified 7 independent clinical risk factors for the com-
bination of postoperative cardiac death and nonfatal myocardial infarction: a history of myocardial
infarction, angina pectoris, congestive heart failure, diabetes mellitus, renal dysfunction, cerebrovas-
cular events, and age > 70 years. For patients not on beta-blocker therapy the risk of perioperative
cardiac events increased by each risk factor added, ranging from 1.0% in patients without risk factors,
10 2.2%, 4.5%, 9.2%, 18.0%, and 32.0% for 1, 2, 3, 4, and > 5 risk factors respectively.

Recently Kertai et al. used a total of 2310 patients to develop a Bayesian model for the prediction of
all-cause perioperative mortality in patients undergoing all types of open vascular surgery, including
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emergent surgery'2, 1537 patients were used to develop the risk score: the “customized probabil-
ity index”. Risk factors associated with postoperative all-cause death were ischemic heart disease,
congestive heart failure, cerebrovascular events, hypertension, renal dysfunction, chronic pulmonary
disease, and type of vascular surgery, i.e. ruptured AAA, elective AAA, lower extremity, and carotid.
The final logistic regression model with the 9 independent predictors (including beta-blocker and
statin use) of perioperative mortality was used to create a variable-weight index where scores were
assigned on the basis of parameter estimates of the individual predictors. The type of surgery was
a strong risk factor; patients with a ruptured abdominal aortic aneurysm had the worst outcome
(43 points), followed by elective thoracoabdominal and abdominal aortic surgery (26 points), lower
extremity arterial bypass surgery (15 points), and carotid surgery (0 points). It should be noted that
all procedures in the risk model were open surgical procedures. Risk factors based on medical history,
ordered in descending risk, were: renal dysfunction (16 points), congestive heart failure (14 points),
ischemic heart disease (13 points), cerebrovascular event (10 points), hypertension (7 points), and
pulmonary disease (7 points). Based on the sum of scores of surgical risk (0-46 points), medical history
(0-67 points), and the score for cardioprotective medication (statins -10 points and beta-blockers -15
points) an overall cardiac risk can be calculated.

ADDITIONAL LABORATORY TESTING

Apart from those measurements indicating clinical risk factors (for example, serum creatinine for
renal failure, fasting glucose for diabetes mellitus, etc) currently no routine laboratory measurements
are related to perioperative cardiac complications.

Recent studies showed that increased plasma N-terminal pro-B-type natriuretic peptide (NT-proBNP)
or B-type natriuretic peptide (BNP) are associated with adverse postoperative outcome'36, NT-
proBNP is increased in patients with left ventricular dilatation caused by fluid overload (e.g. heart
failure and renal dysfunction), pressure overload (e.g. aortic valve stenosis) and myocardial ischemia,
which might explain the excellent relation with adverse postoperative outcome. In a study of 1590
patients scheduled for all types of non-cardiac general surgery by Dernellis et al. raised levels of BNP,
i.e. > 189 pg/ml, were independently associated with a staggering 34 fold increased risk for postop-
erative cardiac events'. Similar results were found by Feringa et al. in their report on the prognostic
value of NT-proBNP in 170 patients scheduled for major vascular surgery. Patients with a NT-proBNP
level > 533 pg/ml had an independent 17-fold increased risk for postoperative cardiac events, even
after adjustment for preoperative dobutamine stress echocardiography results'3. Gibson et al. con-
firmed the predictive value of BNP in 149 major vascular surgical patients: using receiver-operator
curve analysis a BNP concentration of 108.5 pg/ml best predicted the likelihood of cardiac events,
with a sensitivity and specificity of 87%!'°. The true value of either BNP or NT-proBNP in the preopera-
tive screening setting must be confirmed in large-scale prospective trials such as the recently started
multinational DECREASE VI trial.

Diabetes mellitus is a common risk factor in patients scheduled for vascular surgery with prevalence
of approximately 50% if all patients are thoroughly screened'’. Diabetes mellitus is known to be a
strong predictor for perioperative events. Therefore fasting glucose values should be obtained from
all patients scheduled for vascular surgery and glucose loading testing should be considered in all.
Recently it was shown that the level of preoperative glycosylated hemoglobin in diabetic patients
is strongly related to perioperative cardiac outcome'®'?, In the same patient population it was also
shown that in patients with high preoperative glycosylated hemoglobin it is more difficult to regulate
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glucose values in the perioperative period. This might partly explain the strong relation between
preoperative glycosylated hemoglobin and outcome, since it is known from critically ill patients and
patients with myocardial infarction that tight glucose control is of imminent importance. In a large
case-control study by Noordzij et al. in non-cardiac nonvascular surgical patients it was also shown
that random preoperative glucose levels were associated with postoperative outcome?’. Those with
a random glucose level > 11.1 mmol/I had a 4-fold increased risk for perioperative cardiovascular
death. Importantly, also glucose levels of 5.6-11.1 mmol/l were independently associated with a
3-fold increased risk for perioperative cardiovascular events.

Recently Sarveswaran et al. found that preoperative asymptomatic troponin release in patients with
symptomatic peripheral arterial disease is associated with a poor postoperative prognosis?'. Preop-
erative troponin levels may be elevated because of asymptomatic myocardial ischemia, a condition
often observed in patients scheduled for major vascular surgery. As was already noted by Landesberg
et al. in 1993, over 40% of patients planned for major vascular surgery experience silent myocardial
ischemia preoperatively as assessed by continuous 12-lead ECG recording, also in asymptomatic
patients?2. Notably, both Landesberg et al. and Kertai et al. previously showed that even low levels of
asymptomatic troponin elevations in the perioperative period are associated with worse long-term
outcome in patients undergoing major vascular surgery?324,

In most risk indices renal insufficiency is taken into account. For example, the serum creatinine cut-off
value Lee et al used is 2.0 mg/dL (177 mmol/l)’. However, it might be argued that patients with less
pronounced renal insufficiency also do worse compared to patients with normal serum creatinine
values. A continuous variable for creatinine would probably be better, though not very user-friendly
in every day practice. Recent studies have also shown that glomerular filtration rate might be a better
predictor than serum creatinine since this takes into account the different creatinine concentrations
between sexes?>.

ADDITIONAL NONINVASIVE CARDIACTESTING

If there is evidence or suspicion of CAD at physical examination, e.g. valve abnormalities or left ven-
tricular dysfunction, or a high cardiac risk score further cardiac testing might be required. The most
simple, inexpensive form of cardiacimaging is resting echocardiography, for the detection of impaired
left ventricular function and valve stenosis and sclerosis. Impaired left ventricular function was long
considered a strong predictor for adverse perioperative cardiac events. However, due to improved
perioperative care it is no longer a strong predictor for short-term outcome but remains a significant
predictor for long-term adverse cardiac events. The presence of aortic stenosis is associated with a
fivefold increased risk of perioperative cardiac events?®. Also, the severity of aortic stenosis is related
to an increased risk of perioperative events. Considering this, it is important to detect the presence
and significance of valve disease. Though physical examination is reliable in detecting abnormal
heart sounds, the estimation of the severity of stenosis by physical examination alone is difficult and
echocardiography is recommended in patients with abnormal heart sounds.

ADDITIONAL NONINVASIVE CARDIAC STRESS TESTING

According to the guidelines of the American College of Cardiology/American Heart Association,
preoperative cardiac exercise or pharmacological stress testing is recommended for: patients with
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intermediate pre-test probability of CAD; prognostic assessment of patients undergoing initial evalu-
ation for suspected or proven CAD; evaluation of subjects with significant change in clinical status;
demonstration of proof of myocardial ischemia before coronary revascularization; evaluation of
adequacy of medical treatment; and prognostic assessment after an acute coronary syndrome?’. For
stress testing, the evaluation of exercise capacity when subjective assessment is unreliable seems to
be a valid reason as well. Patients with CAD or at risk for CAD can be frequently found in the group of
patients with limited every day exercise—for example, patients with severe intermittent claudication.
In these patients pharmacological stress echocardiography or nuclear imaging are elegant ways to
exclude subclinical CAD.

The sensitivity and specificity of available exercise and pharmacological stress tests were compared
in several meta-analyses. The meta-analysis of Kertai et al showed a trend in favor of dobutamine
stress echocardiography, though other tests had satisfying sensitivity and specificity as well?®. An
upcoming elegant new diagnostic tool is dobutamine stress magnetic resonance imaging, though
no randomized trials or large series have reported the sensitivity and specificity of this test yet.

In this era of new cardioprotective medical therapies, i.e. beta-blockers and statins, the key ques-
tion is which patient should undergo additional stress testing and which patient can be send for
surgery without prior cardiac stress testing. The recently published Dutch Echocardiographic Cardiac
Risk Evaluation Applying Stress Echo Study Il (DECREASE Il) evaluated the value of preoperative
cardiac testing in intermediate-risk patients on beta-blocker therapy with perioperative tight heart
rate control scheduled for major vascular surgery®. A total of 1476 vascular surgical patients were
screened for this study. Based on the risk score of Boersma et al. patients were divided into 3 risk
groups: low cardiac risk (no risk factors), intermediate cardiac risk (1 or 2 risk factors), and high cardiac
risk (> 3 risk factors). All 770 intermediate risk patients were randomly assigned to preoperative
cardiac stress-testing or no-testing. Results of preoperative testing and coronary revascularization
were discussed with the attending physicians, and hemodynamic management was implemented
accordingly. Importantly all patients in the DECREASE Il study received beta-blocker therapy aiming
at a tight heart rate control, i.e. a heart rate of 60-65 beats per minute, irrespective of stress test
results. Of the 386 patients randomized to cardiac stress-testing, 287 (74%) had no stress inducible
myocardial ischemia, 65 (17%) had limited ischemia, and 34 (9%) had extensive ischemia. No differ-
ence in 30-day outcome was observed in intermediate-risk patients with and without testing, 2.3
vs. 1.8 percent (odds ratio 0.78, 95 percent confidence interval 0.28 to 2.1). The upper limit of the
90 percent confidence interval of the absolute risk difference in favor of cardiac testing was 1.2%,
indicating non-inferiority of the no-testing strategy. In intermediate-risk patients with extensive
ischemia revascularization did not improve 30-day outcome (25.0 versus 9.1 percent events, odds
ratio 3.3, 95 percent confidence interval 0.5 to 24; p=0.32). Also, no difference in 2-year outcome
was observed in intermediate-risk patients with and without testing, 4.3 versus 3.1 percent (p-value
0.30). The DECREASE Il study indicates that cardiac testing of intermediate-risk patients prior to major
vascular surgery, as recommended by the guidelines of the ACC/AHA, provided no benefit in patients
on beta-blocker therapy with tight heart rate control. Importantly, the strategy of no-testing brought
the operation almost 3 weeks forward.

ADDITIONAL INVASIVE CARDIACTESTING

Guidelines of the American College of Cardiology /American Heart Association (ACC/AHA) recom-
mend coronary angiography for patients with high-risk noninvasive test results, and myocardial

57



Chapter 3

w1
©

revascularization in patients with prognostic high-risk anatomy in whom long-term outcome is likely
to be improved?’. This recommendation was supported by the Coronary Artery Surgery Study that
showed a reduced incidence of non-fatal myocardial infarctions after previous bypass surgery among
vascular surgery patients compared to those treated medically, 8.5 vs. 0.6% (p=0.001)3. More recently,
the data from the Bypass Angioplasty Revascularization Investigation trial showed that bypass sur-
gery and percutaneous coronary intervention had similar low rates of postoperative cardiac events
in non-cardiac surgery3'. However, these studies were not designed to assign the optimal strategy in
severely ill patients with extensive coronary artery disease immediately prior to major non-cardiac
surgery. In addition, these studies could not address the concern of delaying the non-cardiac surgical
procedure because of testing, revascularization, and initiation of antiplatelet therapy since the time
between revascularization and non-cardiac surgery in these studies was respectively 4.1 and 2.4
years.

The randomized Coronary Artery Revascularization Prophylaxis (CARP) trial was the first study that
addressed the strategy of prophylactic revascularization compared to optimal medical therapy in
patients with clinically stable coronary artery disease who were scheduled for major non-cardiac
vascular surgery32. This trial showed that prophylactic revascularization was safe but did not improve
perioperative or long-term outcome. The long-term (median follow-up 2.7 years) mortality was 22%
in patients allocated to prophylactic coronary revascularization, compared to 23% in the medical
only strategy, p=0.92. Also the incidence of perioperative non-fatal myocardial infarction was similar,
respectively 12 and 14%, p=0.37. However, it must be noted that the majority of patients in the CARP
trial had only 1 or 2 vessel disease. The recently conducted DECREASE V randomized pilot study in
which the majority of patients had 3-vessel disease also showed no perioperative and long-term
(follow-up 1 year) benefit of prophylactic coronary revascularization®. The findings of both CARP
and DECREASE V support the current guidelines of the ACC/AHA on perioperative management in
high-risk patients to reserve revascularization only for cardiac unstable patients. After successful non-
cardiac surgery these patients should be regularly screened for the presence of ischemic complaints
and aggressive anti-ischemic therapy, both medical and invasive, should be considered. In these
patients at high risk scheduled for major non-cardiac vascular surgery prophylactic revascularization
might be switched to late revascularization, preventing the delay of surgery.
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INTRODUCTION

In the last decades developments in anesthesiological and surgical techniques, i.e. loco-regional
anesthesia and minimally invasive surgery, have improved postoperative cardiac outcome consider-
ably. For example patients with a severely reduced left ventricular function used to be at increased
risk, but because of the implementation of these new techniques are now scheduled for surgery at
relatively low risk. In other words, the improvement of perioperative care has altered the impact of
established cardiac risk factors.

However, as more patients with cardiac co-morbidity survive surgery, long-term cardiac outcome
has gained interest. Therefore, the focus of preoperative risk evaluation should also take into consid-
eration the impact of cardiac co-morbidity on long-term survival. After all, patients should live long
enough to enjoy the benefits of surgery.

It is estimated that the incidence of cardiac complications after non-cardiac surgical procedures is
between 0.5% and 1.0%'"2. Annually around 100 million adults undergo some form of non-cardiac
surgery. Consequently, approximately 500,000 to 1,000,000 people will suffer from perioperative
cardiac complications. Moreover, one out of every four of these patients will die. For the prevention
of perioperative cardiac complications it remains of critical importance to identify those at increased
risk and treat them accordingly, to improve both perioperative and long-term survival.

This article gives an overview of the current status of preoperative cardiac screening. In a step-wise
approach the use and prognostic value of clinical cardiac risk factors, laboratory measurements, non-
invasive and invasive coronary testing, and consequently medical and interventional strategies to
alter cardiac risk will be discussed (TABLE 4.1).

STEP 1. IDENTIFICATION OF CLINICAL RISK FACTORS

The first, most simple and least costly step in preoperative cardiac risk stratification is the identifica-
tion of clinical cardiac risk factors. In the last three decades much attention has been given to the
identification of patients at risk by using simple clinical cardiac risk factors. This research has led to
numerous cardiac risk indices for non-cardiac surgical procedures. In 1977 Goldman et al. proposed
the first cardiac risk stratification model based on prospectively collected data3. In this study of 1001
patients, nineindependent predictors were found to be correlated with postoperative life-threatening
and fatal cardiac complications: preoperative third heart sound or jugular venous distention; myocar-
dial infarction in the preceding six months; more than five premature ventricular contractions per
minute documented at any time before operation; rhythm other than sinus rhythm or presence of
premature atrial contractions on preoperative electrocardiogram; age over 70 years; intraperitoneal,
intrathoracic or aortic operation; emergency operation; important valvular aortic stenosis; and poor
general medical condition. The incidence of adverse cardiac events was 1% in the group at lowest
risk (class 1), and increased to 7%, 14%, and 78% in class Il, lll, and IV patients respectively. However,
it must be noted that only 18 patients were in the group at highest risk. As pointed out by Ridley
the Goldman index has a 96.8% negative predictive value, and thus is an excellent tool to rule out
CAD*. The value of the Goldman index for diagnosing patients with CAD on the other hand was less
optimal, i.e. a positive predictive value of 21.6%. In 1986 Detsky et al. prospectively validated and
modified the Goldman index and presented a simple normogram, introducing the pre-test likelihood
of perioperative cardiac events for cardiac risk stratification®. The Detsky modified multifactorial risk

63



Chapter 4

-3
-

TABLE 4.1 Nine steps to optimal preoperative cardiac risk evaluation and modification.

Step 1. Identification of clinical cardiac risk factors

Step 2. Identification of surgery related risk

Intermediate and high cardiac risk Low cardiac risk

Step 3. Electrocardiogram

Step 4. Laboratory measurements

Step 5. Non-invasive resting cardiac imaging

Step 6. Non-invasive stress testing

Step 7. Optimal medical therapy

Step 8. Coronary revascularization

Step 9. Elective non-cardiac surgery

index has been in use ever since and is considered to be a good and practical index. In 1999 Lee
et al. reviewed the performance of several clinical risk indices in patients who underwent elective
non-cardiac surgery?. They found that the Goldman risk index and the Detsky modified cardiac risk
index had a similar performance for predicting major cardiac complications. However, when the
Goldman risk index was revised and validated, the predictive value of the risk index had substantially
improved. In the validation cohort the ROC area improved form 0.70 for the original Goldman index
to 0.81 for the Revised Cardiac Risk Index by Lee et al. The Revised Cardiac Risk Index identified 6 pre-
dictors (high-risk surgery, ischemic heart disease, congestive heart failure, cerebrovascular disease,
insulin dependent diabetes mellitus, and renal failure) of major cardiac complications, and based
on the presence of 0, 1, 2, or 3 or more of these predictors, the rate of major cardiac complications
was estimated to be 0.4%, 0.9%, 7%, and 11%, respectively. Interestingly the Lee index has better
prognostic value than the Goldman and Detsky indices though the number of cardiac risk factor
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variables in the Lee index is smaller. This might be explained by the improvement of perioperative
care in the time between the development of the Goldman and Lee risk indices. Nowadays, the Lee
index is considered the most relevant index for predicting perioperative cardiac risk in non-cardiac
surgery by many clinicians and researchers. However, the patients studied by Lee et al can hardly be
considered as an average non-cardiac surgical population. Thoracic, vascular and orthopedic patients
were overrepresented in this study population.

STEP 2. TYPE OF SURGERY

After specifying patients’clinical cardiac risk factors it is important to consider the surgical procedure
the patient is scheduled for. However, the clinical cardiac risk indices of Lee, Detsky and Goldman
include only high-risk surgery in their models as other types of surgery were not associated with
adverse outcome. However, this simplification might not be sufficient to accurately predict peri-
operative cardiac outcome. Recently Boersma et al. validated the Lee risk index in a large cohort
(n=108,593) of all types of non-cardiac surgical procedures'. When the Lee index was adapted and
more detailed information on the surgical risk of the procedure was added, the predictive value
improved substantially (C-statistic improved from 0.63 to 0.85). In this model surgical procedures
were classified as low-risk, intermediate-low, intermediate-high, and high-risk surgical procedures.

STEP 3. ELECTROCARDIOGRAM

Recently, Noordzij et al. showed that the addition of a simple classification of preoperative ECG (i.e.
normal or abnormal) improved the predictive value of the combination of clinical cardiac risk fac-
tors and type of surgery®. An ECG was considered abnormal in case of atrial fibrillation, left or right
bundle branch block, left ventricular hypertrophy, premature ventricular complexes, pacemaker
rhythm, Q-wave, or ST changes. This study was performed in a group of 23,036 patients undergoing
non-cardiac surgery. Though ECGs added extra information on perioperative cardiac risk, it was also
shown that in absolute numbers, the increase in predictive value was small in patients undergoing
low-risk or intermediate-risk procedures and a “routine preoperative ECG” in this population should
be precluded.

Summarizing steps 1to 3

With these simple risk predictors (i.e. clinical risk factors; type of surgery; and ECG) it is possible to
make an initial crude assessment of a patient’s perioperative cardiac risk. This risk estimation can
be used to identify those patients at increased risk who should undergo further cardiac testing.
Recently Boersma et al. proposed an interesting risk estimation based on the evaluation of 108,593
non-cardiac surgical procedures’. In this model clinical risk factors, type of surgery, and ECG are all
included (TABLE 4.2).

STEP 4. LABORATORY MEASUREMENTS

Apart from those measurements indicating clinical risk factors (e.g. serum creatinine for renal failure,
fasting glucose for diabetes mellitus etc.) currently no routine laboratory measurements are related to
perioperative cardiac complications. However, two recent studies showed that increased plasma NT-
pro-BNP was associated with adverse postoperative outcome®® NT-pro-BNP is increased in patients
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TABLE 4.2 Example of a risk model including clinical risk factors, type of surgery, and ECG to assess perioperative
cardiac risk (derived from Boersma et al). CVD, cardiovascular disease; PVC, premature ventricular
contractions.

Age (yr) m —» Resting ECG
<40 0|+ The resting ECG is abnormal in case of atrial fibrillation/flutter, left ventricular
41-50 5 hypertrophy, PVC, pacemaker, Q-wave, or ST-depression, and normal otherwise
51-60 10
61-70 15 i
71-80 20
>80 25 N[ ] 21% @peron)
Gender u A 9.2% (21 per 228)
Female ol + 87 per 1,205
Male 1
N |:| 1.3% (22 per 1,725)

Type of surgery = 51-60 - - 2.5%
Breast; Dental; Eye; 0|+ A _ 3.4% (56 per 1,626)

Gyneacology; Urologic 221 per 8,768
Endocrine; Orthopedic; 20

Plastic / Reconstructive N |:| 0.5% (34 per 6,493)
Abdominal; Ear, Nose, 25 41-50 . 0.8%

Throat; Pulmonary A - 1.8% (52 per 2,848)
Neuro; Renal transplant; 30 195 per 23,157

Vascular

N II 0.1% (7 per 6,762)

Procedure - 31-40 I 0.2%
Laparoscopic 0| + I 0.5% (8 per 1,537
No?\—laparopscopic 5 57 per 27,509 A ree :
Elective 0
Acute 15 N II 0.07% (4 per 5,588)

— - 0-30 - ‘ 0.03%
Clinical risk factors = A | 0.06% (1 per 1,553)
Coronary artery disease 2|+ 13 per 47,954
Renal failure ! 2 T T T T . I . . ; .
Diabetes rpellltus 5 0 25 5.0 75 0 25 5.0 75 10.0
Hypertension 5 "
Heart failure 10 CVD mortality (%) CVD mortality (%)

with left ventricular dilatation due to fluid overload (i.e. heart failure and renal dysfunction), pressure
overload (i.e. aortic valve stenosis) and myocardial ischemia, which might explain the excellent rela-
tion with adverse postoperative outcome'?. Diabetes mellitus is known to be a strong predictor for
perioperative events. Therefore fasting glucose levels should be obtained from all patients. Recently
it was shown that the level of preoperative glycosylated hemoglobin in diabetic patients is strongly
related to perioperative cardiac outcome'’. In the same patient population it was also shown that
in patients with high preoperative glycosylated hemoglobin it is more difficult to regulate glucose
levels in the perioperative period. This might in part explain the strong relation between preopera-
tive glycosylated hemoglobin and outcome since it is known from critically ill patients and patients
with myocardial infarction that tight glucose control is of imminent importance.

In the Lee risk index renal insufficiency is taken into account. The serum creatinine cut-off value
Lee et al. used is 2.0 mg/dL. However, it might be argued that patients with less pronounced renal
insufficiency also do worse compare to patients with normal serum creatinine levels. A continuous
variable for creatinine would probably be better, though not very user-friendly in every day practice.
Recent studies have also shown that glomerular filtration rate might be a better predictor than serum
creatinine since this takes into account the different creatinine levels between sexes'?.
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STEP 5. NON-INVASIVE RESTING CARDIAC IMAGING

If steps 1 to 4 indicate an increased cardiac risk or if there is evidence or suspicion of coronary artery
disease at physical examination, e.g. peripheral atherosclerotic disease, valve abnormalities or left
ventricular dysfunction further cardiac testing might be required. The most simple, inexpensive form
of cardiac imaging is resting echocardiography, for the detection of impaired left ventricular func-
tion and valve stenosis and sclerosis. Impaired left ventricular function was long considered a strong
predictor for adverse perioperative cardiac events. However, due to improved perioperative care it is
no longer a strong predictor for short-term outcome but remains a significant predictor for long-term
adverse cardiac events.

The presence of aortic stenosis is associated with a 5-fold increased risk of perioperative cardiac
events'3. Also, the severity of aortic stenosis is related to an increased risk of perioperative events.
Considering this, it is important to detect the presence and significance of valve disease. Though
physical examination is reliable in detecting abnormal heart sounds, the estimation of the severity of
stenosis by physical examination alone is difficult and echocardiography is recommended in patients
with abnormal heart sounds.

STEP 6. NON-INVASIVE STRESS CARDIAC IMAGING

According to the guidelines of the ACC/AHA™ preoperative cardiac exercise or pharmacological
stress testing is recommended for patients with intermediate pretest probability of CAD; for prog-
nostic assessment of patients undergoing initial evaluation for suspected or proven CAD; evaluation
of subjects with significant change in clinical status; demonstration of proof of myocardial ischemia
before coronary revascularization; evaluation of adequacy of medical therapy; and prognostic assess-
ment after an acute coronary syndrome. For stress testing, the evaluation of exercise capacity when
subjective assessment is unreliable seems to be a valid reason as well. Patients with CAD or at risk for
CAD can be frequently found in the group of patients with limited every day exercise, e.g. patients
with severe intermittent claudication. In these patients pharmacological stress echocardiography or
nuclear imaging are elegant ways to exclude sub clinical CAD. However, stress testing should not be
performed in asymptomatic patients without evidence of CAD; patients with severe co-morbidity
likely to limit the life expectancy or candidacy for revascularization; patients with resting ECG-abnor-
malities that preclude adequate assessment. The sensitivity and specificity of available exercise and
pharmacological stress tests (including exercise electrocardiography, radionuclide ventriculography,
myocardial perfusion scintigraphy, and dobutamine stress echocardiography) were compared in
several meta-analyses. The meta-analysis of Kertai et al. showed a trend in favor of dobutamine stress
echocardiography though other tests had satisfying sensitivity and specificity as well (FIGURE 4.1)'>.
An upcoming elegant new diagnostic tool is dobutamine stress MRI though no randomized trials or
large series have reported the sensitivity and specificity of this test yet.

STEP 7. MEDICAL THERAPY

Beta-blocker therapy

Although widely prescribed during non-cardiac surgery, the evidence for perioperative beta-blocker
use is mainly based on only two landmark studies and several observational studies. The first trial
evaluated the effect of atenolol in high-risk patients undergoing non-cardiac surgery'®. In this study
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200 patients with risk factors for or known ischemic heart disease were randomized for atenolol or
placebo prior to surgery. Atenolol therapy was not associated with an improved in-hospital outcome
(cardiac death or myocardial infarction), however, continuous 3-lead Holter monitoring showed a
50% reduction of myocardial ischemia in the atenolol treated group during the first 48 hours after
surgery. The second trial showed in a selected high-risk, i.e. stress-induced myocardial ischemia
during preoperative dobutamine echocardiography, population of 112 vascular surgery patients a
tenfold reduction of incidence of perioperative cardiac death and myocardial infarction, compared
to patients without beta-blockers (3.4% vs. 34%)'7. These promising results were confirmed by a
meta-analysis, of prospective randomized studies, evaluating the incidence of perioperative isch-
emic episodes in 1077 patients in 15 studies (FIGURE 4.2). Beta-blocker therapy was associated with
a 65% relative risk (RR) reduction in perioperative myocardial ischemia and a 56% RR reduction in
non-fatal Mls. Also, beta-blocker therapy was associated with a significant RR reduction of 67% in
the composite endpoint of cardiac death and non-fatal MI. Though other meta-analyses found a
similar benefit of beta-blockers'®'?, a recent meta-analysis by Devereaux et al. reported no benefit of
beta-blockers on perioperative outcome?. However, in that meta-analysis studies that had not yet
undergone peer-review were also included which might have seriously influenced the outcome of
their meta-analysis.

The promising results were not supported by two recent trials evaluating the effect of beta-blockers
in patients at intermediate cardiac risk. In the POBBLE trial low-risk patients, those with a history of
ischemic heart disease were excluded, scheduled for vascular surgery were randomized for a fixed
dose of metoprolol (n=55) or placebo (n=48). No difference was observed in the incidence of periop-
erative cardiovascular events. The only difference was observed in the length of hospital stay, which
was significantly shorter in those taking metoprolol, 10 vs. 12 days. More recently, the DIPOM study,
evaluating the cardioprotective effect of a fixed dose of metoprolol on the evening before major non-
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FIGURE 4.2  Meta-analysis of 15 randomised B-blocker trials. Odds ratio of 3-blocker treatment for cardiovascular
outcome per type of non-cardiac surgery. Derived from Schouten et al, Cor Artery Dis 2006;17:173-9.

cardiac surgery in 921 diabetics showed no difference in 30-day morbidity and mortality. However,
this study was powered for a 1 year follow-up period. Currently at least two large trials, POISE and
DECREASE-IV, are ongoing, evaluating the effect of beta-blockers in patients at intermediate risk for
perioperative cardiac events. Though the results of these trials have to be awaited, in the mean time,
it seems to be safe and effective to prescribe beta-blockers in patients with a Lee index score of 2 or
more, as Lindenauer found in a large cohort study of 663,635 patients?'.

Statin therapy

Several recent studies address the beneficial effect of statin use in patients undergoing non-cardiac
surgery (FIGURE 4.3). In a case-control study among 2,816 patients who underwent major vascular
surgery statin use was associated with a significant four-fold reduction in all-cause mortality com-
pared to patients with no statin use?2. The first blinded, placebo-controlled, randomized trial, in
which the influence of statin use on perioperative cardiovascular complications was investigated,
was reported by Durazzo et al.?3 In their study, 100 patients were randomly assigned to treatment
with either 20 mg atorvastatin or placebo. Patients received treatment for 45 days and started at
least 2 weeks before surgery. The outcome of this trial was the endpoint of cardiovascular events,
defined as cardiac death, non-fatal MI, stroke or unstable angina pectoris. Patients were followed
up to 6 months after the surgical procedure. Of 100 patients 90, 44 statin users and 46 non-users,
underwent elective vascular surgery. The 6-month incidence of cardiovascular events was 3.1-fold
reduced in statin users compared with non-users. Finally, Lindenauer et al.?* and O’Neil-Callahan et
al.® confirmed the beneficial effects of statins based on the results of their large-scale retrospective
studies. Lindenauer performed a retrospective cohort study based on the hospital discharge and
pharmacy records of over 780,000 (70,159 statin users) patients in 329 hospitals throughout the
United States. All patients underwent elective major surgical procedures and survived at least the
first two postoperative days. After correction for numerous baseline differences, statin users had a
1.4-fold reduced risk of in-hospital mortality. Subsequently, Lindenauer concluded that perioperative
statin use might result in a reduced risk of death after major surgical procedures. Though the studies
published so far are in favor of perioperative statin treatment, this needs to be confirmed in large,
adequately powered randomized trials, such as the recently started DECREASE-IV trial.
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FIGURE 4.3  Overview of odds ratios and 95% confidence intervals of currently known studies on the influence of
statins on perioperative cardiac outcome in non-cardiac surgical procedures.

Other medical therapy

A meta-analysis by Nishina showed that clonidine, an alpha-2-agonists, use was associated with a
reduction in the incidence of perioperative ischemia?®. However, this study was underpowered (358
non-cardiac surgical patients in two studies) and effects were only reported on ischemia. In two more
recent meta-analyses, the beneficial effect of perioperative alpha-2-agonists use was shown for the
reduction of myocardial ischemia and perioperative cardiovascular complications. But similarly to
the study of Nishina the results of these two meta-analyses were mainly driven by the European
Mivazerol trial, the only large-scale study available to date?’. The results of the European Mivazerol
trial showed no overall effect of mivazerol on the pre-specified combined endpoint of cardiac death
and myocardial infarction in the total study population of 2,854 patients. Only a post-hoc analysis
revealed that in 904 patients who underwent high-risk major vascular surgery mivazerol use was
associated with a significantly lower incidence of cardiac death and myocardial infarction.

Nitrates are the most frequently used drugs in case of myocardial ischemia. However, studies about
the prophylactic use of intravenous nitroglycerin failed to find any difference in the incidence of
intraoperative and perioperative myocardial ischemia in patients receiving nitroglycerin compared
to placebo. A potential harmful effect might be a vagal withdraw due to peripheral vasodilatation
and subsequent cardiac stimulation and induction of myocardial ischemia in patients with CAD.

In the perioperative setting calcium channel blockers are effectively used in cardiac surgery, reducing
myocardial ischemia and arrhythmias. In a meta-analysis Wijeysundera evaluated the use of calcium
channel blockers in 11 studies, 1007 patients, all undergoing non-cardiac surgery?8. Calcium channel
blockers significantly reduced perioperative myocardial ischemia (RR 0.49, 95% Cl 0.30-0.80) and
supra ventricular arrhythmias (RR 0.52, 95% Cl 0.37-0.72). However, mortality was not significantly
reduced (RR 0.40, 95% Cl 0.14-1.16).
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STEP 8. PREOPERATIVE CORONARY INTERVENTIONS

Recent findings of the Coronary Artery Revascularization Prophylaxis Trial showed no survival benefit
of preoperative coronary revascularization in cardiac stable patients?®. Among 5,859 patients sched-
uled for elective vascular operations a selection was made of patients considered at increased risk
for cardiac events with evidence of severe coronary stenosis at coronary angiography. Anatomical
criteria of exclusion included: > 50% stenosis of the left main coronary artery, left ventricular ejec-
tion fraction < 20% and severe stenosis of the aorta. The 510 patients selected were randomized
to optimal medical therapy (more than 80% were on beta-blocker therapy in both groups) with or
without coronary revascularization; either percutaneous coronary intervention (59%, mean 18 days
prior to surgery) or CABG (41%, mean 54 days prior to surgery). No differences in mortality in the
long-term outcome (median follow up of 2.7 years) were found: 22% in the revascularization group
vs. 23% in the non-revascularization group. Although the primary end point was late mortality, even
the findings at 30 days did not show any difference in terms of mortality or postoperative Ml nor
did “prophylactic” revascularization result in a reduction of the length of hospital stay. Other, non-
randomized studies, on preoperative coronary revascularization are conflicting. The study by Eagle
et al. based on the Coronary Artery Surgical Study (CASS) database showed a significant benefit in
patients with previous CABG. The same was found by the BARI investigators after both PCl and CABG.
However, the time interval between coronary revascularization and non-cardiac surgery in these
non-randomized studies was relatively long. Two studies by Kaluza et al. and Wilson et al. showed that
perioperative complications after PCl occur mainly when the patient undergoes non-cardiac surgery
within 6 weeks after PCl. Placement of coronary stents induces a denudation of the endothelial sur-
face of the coronary artery, thereby greatly increasing the risk of thrombosis. This is further reinforced
by the hypercoaguability state during surgery and the problematic use of antiplatelet therapy during
surgery.

CONCLUSION

Clinical cardiac risk markers combined with ECG and the risk of the planned surgical procedure can
effectively divide patients in a truly low-risk, intermediate and high-risk population. Low-risk patients
probably can be operated without any additional cardiac testing since these tests will not alter
perioperative management. Beta-blockers are recommended in patients with ischemic heart disease
and should be continued in patients on chronic beta-blocker therapy. Intermediate-risk patients are
referred for cardiac testing to exclude extensive stress induced myocardial ischemia, as beta-blockers
provide insufficient myocardial protection in this case and preoperative coronary revascularization
should be considered taken into account the coronary anatomy and the delay of the index surgical
procedure due to revascularization. Whether patients at intermediate risk without ischemic heart
disease should be treated with statins and/or beta-blockers is still subject of debate. The currently
ongoing POISE and DECREASE IV studies will probably provide us with the necessary evidence for
this group of patients. Furthermore preoperative screening should not only focus on perioperative
cardiac risk reduction but should also be considered as a unique opportunity to improve patients’
long-term cardiac outcome by proper medical therapy such as statins and beta-blockers.
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ABSTRACT

Background: The Lee risk index was developed to predict major cardiac complications in non-cardiac
surgery. We retrospectively evaluated its ability to predict cardiovascular death in the large cohort of
patients who recently underwent non-cardiac surgery in our institution.

Methods: The administrative database of the Erasmus MC, Rotterdam, The Netherlands, contains
information on 108 593 non-cardiac surgical procedures performed from 1991 to 2000. The Lee index
assigns 1 point to each of the following characteristics: high-risk surgery, ischemic heart disease,
heart failure, cerebrovascular disease, renal insufficiency, and diabetes mellitus. We retrospectively
used available information in our database to adapt the Lee index, calculated the adapted index for
each procedure, and analyzed its relation to cardiovascular death.

Results: A total of 1877 patients (1.7%) died perioperatively, including 543 (0.5%) classified as cardio-
vascular death. The cardiovascular death rates were 0.3% (255/75 352) for Lee Class 1, 0.7% (196/28
892) for Class 2, 1.7% (57/3380) for Class 3, and 3.6% (35/969) for Class 4. The corresponding odds
ratios were 1 (reference), 2.0, 5.1, and 11.0, with no overlap for the 95% confidence interval of each
class. The C statistic for the prediction of cardiovascular mortality using the Lee index was 0.63. If
age and more detailed information regarding the type of surgery were retrospectively added, the C
statistic in this exploratory analysis improved to 0.85.

Conclusion: The adapted Lee index was predictive of cardiovascular mortality in our administrative
database, but its simple classification of surgical procedures as high-risk versus not high-risk seems
suboptimal. Nevertheless, if the goal is to compare outcomes across hospitals or regions using
administrative data, the use of the adapted Lee index, as augmented by age and more detailed clas-
sification of type of surgery, is a promising option worthy of prospective testing.
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INTRODUCTION

Patients undergoing major non-cardiac surgery are at high risk of cardiovascular morbidity and mor-
tality. Evidence suggests that perioperative myocardial infarction is commonly caused by rupture of
a coronary plaque, leading to thrombus formation and subsequent vessel occlusion, similar to what
occurs in nonsurgical settings'2. The clinical importance of perioperative cardiovascular complica-
tions is well recognized, and numerous investigations have described the relation between patient’s
characteristics and the risk of adverse cardiovascular outcome3",

In the 1990s, Lee and colleagues systematically analyzed the risk of major cardiac complications
(which included myocardial infarction, cardiogenic pulmonary edema, cardiac arrest, and cardiac
death) in 4315 patients undergoing non-cardiac surgery, the largest cohort ever described®. The
resulting Lee index, which is a modification of the original Goldman index, is now considered by
many clinicians and researchers to be the most relevant index to predict cardiac risk. However, the
patients studied by Lee and colleagues cannot be considered as an average, unselected surgical
cohort because their study included only patients with a several-day expected length of hospital
stay and excluded neurologic surgery; as a result, it was relatively dominated by patients undergoing
thoracic (12%), vascular (21%), and orthopedic surgery (35%).

The current study evaluates the Lee index in 108 593 patients who underwent non-cardiac surgery in
the Erasmus Medical Center from 1991 to 2000. Because we relied on medical records and administra-
tive data gathered as part of routine medical care, rather than duplicating the prospective methods
of the Lee study, we used cardiovascular mortality, instead of the broader range of clinical cardiac
complications that were considered in the original Lee study, as our primary endpoint.

METHODS

Hospital setting, procedures and patients

The Erasmus Medical Center, a metropolitan university hospital that serves a population of approxi-
mately 3 million people in the southwestern area of The Netherlands, acts as a tertiary referral center
for approximately 30 affiliated hospitals. Between January 1, 1991, and December 31, 2000, 122 860
non-cardiac surgical procedures were performed in patients above the age of 15 years in the Erasmus
Medical Center. We excluded 14 267 planned and unplanned procedures that were conducted within
30 days after an initial operation, and analyzed the perioperative course of the remaining 108 593
procedures, which were performed in 75 581 different patients. Over the 10-year observation period,
20 885 patients had multiple surgeries in the Erasmus Medical Center. They were included as many
times as they had surgeries that were more than 30 days apart. The median span between 2 succes-
sive procedures was 297 days (interquartile range, 123 to 677 days). The operation (not the patient)
was the unit of analysis because this approach is consistent with clinical practice, wherein the risk of
perioperative complications is assessed in relation to a specific procedure.

Sources of data

For each patient undergoing surgery, a number of data items are routinely entered into the comput-
erized hospital information system at the time the patient is hospitalized. First, surgical techniques
are classified by the treating physician according to a standardized national coding system, which
was developed in cooperation with the National Health Service and medical insurance companies.
This system is used for reimbursement and to record and monitor the experience of surgeons and
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surgical residents. Using this classification, we grouped surgical procedures into 14 categories, with a
total of 11 969 procedures (11.0%) classified into multiple categories.

Second, from written information that is provided by the patient’s general practitioner, referring phy-
sician, or hospital physicians involved in perioperative care, each patient’s medical history is classified
according to the International Classification of Diseases, Ninth Revision (ICD-9)'2. The classification
and the entry of the data in the electronic database are performed by dedicated administrative per-
sonnel who have completed in-depth training on medical data registration. We recorded the follow-
ing medical conditions: history of diabetes mellitus (ICD-9250), myocardial infarction (ICD-9410, 411,
and 412), angina pectoris (ICD-9413 and 414), prior heart failure (ICD-9428), cerebrovascular accident
(ICD-9430), and renal disease (ICD-9580). These recorded diagnoses served as surrogates for 5 more
detailed criteria used in the Lee index® in which ischemic heart disease was defined as a history of
myocardial infarction or positive exercise test, current complaint of ischemic chest pain, or use of
nitrate therapy, or Q waves on the electrocardiogram, but patients with a history of coronary bypass
surgery or angioplasty were included only if they had current complaints of chest pain presumed to
be due to ischemia; heart failure was defined as a history of heart failure, pulmonary edema, or par-
oxysmal nocturnal dyspnea, a physical examination showing an S3 gallop or bilateral riles, or a chest
radiograph showing pulmonary vascular redistribution; renal failure was a creatine level >2.0 mg/dL;
diabetes was insulin requiring; and cerebrovascular disease was defined as a history of a stroke or
transient ischemic attack. For the score criterion, high-risk surgery, we categorized procedures in the
same way as the Lee index: retroperitoneal, intrathoracic, or suprainguinal vascular procedures were
defined as high risk.

Endpoint definition

The hospital information system also contains the patient’s vital status at hospital discharge and
clinical postoperative diagnoses. For example, diagnosed perioperative myocardial infarctions are
reported, but the patients do not routinely have serial postoperative electrocardiograms or blood
sampling for determination of cardiac biomarkers. Consequently, clinically unsuspected or painless
perioperative myocardial infarctions may well be missed. Similarly, clinically apparent strokes were
reported, but systematic neurological evaluations were not performed. In view of these limitations,
we chose cardiovascular death as the primary endpoint of our analyses. Cardiovascular death,
which was defined as any death with a cardiovascular complication as the primary or secondary
cause (according to the definitions of the World Health Organization), included deaths following
myocardial infarction, cardiac arrhythmia, resuscitation, heart failure, or stroke. Noncardiovascular
death was defined as any death with a principal noncardiovascular cause, including surgery-related
bleeding complications, cancer, trauma, and infection. Sudden death in a previously stable patient
was considered as cardiovascular.

To obtain the cause of death, 2 investigators (MDK, DP) independently reviewed all available periop-
erative data but were blind to preoperative characteristics and aimed to reach consensus. If consensus
could not be reached, the opinion of a third, independent investigator (OS) was final. Events were
counted until hospital discharge or 30 days after surgery, whichever day came first.

Data quality and ethical considerations

We should emphasize that the data that we used were collected for administrative purposes and not
for the purposes of this study by clinicians using standardized data collection forms. We designed and
undertook this study several years after the last patient was enrolled, and we were not able to verify
the completeness or the correctness of the data. By necessity, we had to rely on the information that
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was provided by the clinicians who took care of the patients during everyday clinical practice. This
study was approved by the Medical Ethics Committee of the Erasmus Medical Center. However, given
the retrospective nature of our study, informed consent could not be obtained from each patient.

Statistical analysis

Continuous data are described as median values and corresponding 25th and 75th percentiles, and
dichotomous data are described as numbers and percentages. With the limitations noted previously,
we estimated the Lee index for each patient in our dataset. Univariable logistic regression analyses
were used to evaluate the relation among the adapted Lee index (with individual dummy variables
for each score category) as calculated with information in our administrative database, the clinical
characteristics that are part of this index, and our primary endpoint, which was cardiovascular death
including stroke, rather than the endpoint of Lee and colleagues, who considered the composite
endpoint of myocardial infarction, cardiogenic pulmonary edema, cardiac arrest, or cardiovascular
death. Crude, unadjusted odds ratios and corresponding 95% confidence intervals are reported.
Subsequently, multivariable logistic regression analyses were performed to evaluate if the predictive
power of the adapted Lee index could be improved retrospectively in our dataset by adding age or
more detailed information on the type of surgery, according to the classification recommended by the
American Heart Association/American College of Cardiology'3. The 4 categories were low risk (breast,
carotid, dental, endocrine, eye, gynecology, reconstructive), low-intermediate risk (orthopedic, uro-
logic), intermediate-high risk (abdominal; ear, nose, throat; neurological; pulmonary; renal transplant;
vascular, excluding aortic and carotid), and high risk (aortic). Adjusted odds ratios and corresponding
95% confidence intervals were calculated. The performance of risk models was determined by the
C statistic, which indicates how well a model rank orders patients with respect to their outcomes,
where 0.5 indicates no predictive value and 1.0 indicates perfect performance'®. Because our dataset
involved patients with multiple operations, independence of observations could not be excluded
beforehand. Therefore, to examine this phenomenon, all regression analyses were first performed
using conventional techniques and repeated using generalized estimation equations'>, with “patient”
as the classification factor. No relevant differences were observed between the parameter estimates as
determined according to both methodologies. Therefore, we concluded that interobservation correla-
tion was not a major issue in our dataset, and we present only the results based on classical methods.

RESULTS

A total of 52 387 surgical procedures were performed in men, including 12 378 orthopedic surgeries
(24%); 9273 ear, nose, and throat surgeries (18%); and 8637 abdominal surgeries (16%). Among the 56
206 procedures in women, gynecological surgery was most common with 15 312 procedures (27%),
followed by orthopedic surgery with 9840 (18%), and abdominal surgery with 7816 (14%). Because
of reallocation of patients among regional hospitals, the annual volumes of ophthalmic and gyneco-
logical procedures decreased in the early 1990s. During the study period, the volume of orthopedic
surgery gradually increased, whereas the volume of abdominal surgery decreased slightly.

With a median age of 51 years (25th to 75th percentile: 34-65 years), men were 7 years older than
were women (median 44 years; 25th to 75th percentile: 32-62 years). The majority of patients had
a score of 0 points on the adapted Lee index (FIGURE 5.1). During the study period, no systematic
change in scores on the adapted Lee index was observed in men. By comparison, scores in women
worsened slightly in 1993 and remained constant thereafter, a shift that was strongly related to the
decline in the number of gynecological procedures.
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A total of 1877 patients (1.7%) died perioperatively. A cardiovascular complication was the principal
(405 patients) or the secondary (138 patients) cause of death in 543 patients (0.5% of the sample; 29%
of deaths). Patients in whom an autopsy report was available (326 patients; 17% of deaths) were more
often labeled as having cardiovascular death than patients in whom no such report was available
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FIGURE5.2  Time trends in the incidence of perioperative all-cause mortality (open circles) and cardiovascular
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(37% [122/326] vs. 27% [421/1551] patients; p <0.001). Infection, the most common noncardiovas-
cular cause of death, was the primary cause in 231 patients and the secondary cause in 308 patients,
representing 29% of deaths.

All-cause mortality and cardiovascular mortality were higher in men than in women: 2.2% (1167/52
387) versus 1.3% (710/56 206) (p <0.001), and 0.7% (350/52 387) versus 0.3% (193/56 206) (p <0.001).
During the study period, no systematic change in all-cause mortality was observed in men (FIGURE
5.2). In contrast, all-cause mortality in women increased significantly from 0.9% (55/6280) in 1991 to
1.3% (69/5151) in 1993 and 1.5% (79/5315) in 2000 (71% increase; p <0.001). There were no significant
changes in cardiovascular mortality over time in either men or women.

Important differences in the incidence of perioperative cardiovascular death were observed in rela-
tion to type of surgery (TABLE 5.1). Patients undergoing vascular surgery, especially those undergo-
ing aortic surgery, had the highest cardiovascular mortality (1.8%), followed by patients undergoing
neurological surgery (1.7%), renal transplant (about 1.1%), and pulmonary surgery (1.1%). Breast,
dental, eye, and gynecology surgery were associated with cardiovascular mortality rates below 0.1%.
The 15 318 patients (14%) who had laparoscopic procedure had a lower incidence of cardiovascular
death than did patients who had open surgery (0.2% vs. 0.6%; p <0.001) (TABLE 5.2). The 774 patients

TABLE 5.1 Perioperative cardiovascular and all-cause death in patients undergoing non-cardiac surgery for various

indications.
Cardiovascular death All-cause death
Number of Primary cause  Secondary cause Total

Type of surgery procedures Number (%) Number (%) Number (%) Number (%)
Abdominal 16,453 63 (0.4) 50 (0.3) 113 (0.7) 606 (3.7)

Hepatico, pancreatico, 2752 10 (0.4) 4 (0.1) 14 (0.5) 129 (4.7)

biliary

Esophagogastric 11,982 53 (0.4) 44 (0.4) 97 (0.8) 488 (4.1)

Other abdominal 3714 12 (0.3) 7 (0.2) 19 (0.5 122 (33)
Breast 2411 0 0 0 0
Dental 1225 1 (0.1) 0 2 (0.1) 2 (0.2)
Ear, Nose, Throat 15,291 114 (0.7) 22 (0.1) 136 (0.9) 411 (2.7)
Endocrine 1029 1 (0.1) 2 (0.2) 3 (03) 6 (0.6)
Eye 9163 1 (0.0 0 1 (0.0 11 (0.1)
Gynecology 15,343 2 (0.0) 1 (0.0 3 (0.0) 20 (0.1)
Neurologic 5797 87 (1.5) 14 (0.2) 101 (1.7) 381 (6.6)
Orthopedic 22,218 34 (0.2) 9 (0.0 43 (0.2) 116 (0.5)
Reconstructive 4157 5 (0.1) 2 (0.0) 7 (0.2) 12 (03)
Pulmonary 1965 14 (0.7) 7 (04) 21 (1.1) 86 (4.4)
Renal transplant 711 8 (1.1) 0 (0.0 8 (1.1) 14 (2.0
Urologic 11,116 28 (0.3) 10 (0.1) 38 (0.3) 159 (1.4)
Vascular 6234 20 (1.4) 25 (0.4) 115 (1.8) 277 (44)

Aortic-acute 196 21 (10.7) 7 (3.6) 28 (14.3) 57 (29.1)

Aortic-elective 890 29 (3.3) 7 (0.8) 36 (4.0 72 (8.1)

Carotid endarterectomy 891 4 (04) 2 (0.2) 6 (0.7) 18 (2.0

Peripheral bypass 927 14 (1.5 2 (0.2) 16 (1.7) 28 (3.0)

Other vascular 3854 36 (0.9) 13 (0.3) 49 (1.3) 142 (3.7)
Other 9423 18 (0.2) 13 (0.1) 31 (0.3) 92 (1.0)
Any type 108,593 405 (0.4) 138 (0.1) 543 (0.5) 1877 (1.7)
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Univariable relation among the Lee index, demographic and clinical characteristics, and perioperative

AR cardiovascular death.

Number of Cardiovascular death Unadjusted odds ratio
procedures Number (%) (95% confidence interval)

Adaptation of the Lee index score and its components (see Methods)

Adapted Lee index >3 969 35 (3.6) 11.0(7.7-15.8)
2 3380 57 (1.7) 5.1(3.8-6.7)
1 28,892 196 (0.7) 2.0(1.7-2.4)
0 75,352 255 (0.3) 1
Type of surgery* High risk 29,426 224 (0.8) 1.9(1.6-2.3)
Not high risk 79,167 319 (0.4) 1
;':::;Z"f BAEAlEETE 3588 77 @) 4.9 (3.96.3)
No 105,005 466 (0.4) 1
History of heart failure Yes 1377 50 (3.6) 8.2(6.1-11.0)
No 107,216 493 (0.5) 1
History of CVA Yes 500 11 (22) 4.6 (2.5-8.3)
No 108,093 532 (0.5) 1
Renal insufficiency Yes 1894 31 (1.6) 3.5(2.4-5.0)
No 106,699 512 (0.5) 1
Diabetes mellitus Yes 2001 36 (1.8) 3.8(2.7-5.4)
No 106,592 507 (0.5) 1
Detailed data on type of surgery
Type of surgery* High risk 1078 63 (5.8 73.6 (46.9-115)
:‘:frme‘"ate'high 40,985 371 (0.9) 10.8 (7.4-15.9)
:i‘:iv""termed'ate 33,275 81 (02) 2.9(1.9-4.4)
Low risk 33,255 28 (0.1) 1
Laparoscopic procedure Yes 15,318 24 (0.2) 0.3 (0.2-0.4)
No 93,275 519 (0.6) 1
Emergency surgery Yes 774 47 (6.) 14.0 (10.2-19.0)
No 107,819 496 (0.5) 1
Other potential risk determinants
Age (years) >80 5314 77 (1.5) 23.0(14.8-35.7)
70-80 12,619 165 (1.3) 20.7 (13.7-31.1)
60-70 15,742 146 (0.9) 14.6 (9.7-22.1)
50-60 15,675 91 (0.6) 9.1 (5.9-14.0)
40-50 16,987 37 (0.2) 3.4 (2.1-5.6)
<40 42,256 27 (0.1) 1

CVA = cerebrovascular accident. *According to the Lee index: high risk = intraperitoneal, intrathoracic, and suprainguinal
vascular procedures; not high risk = other procedures. tAccording to the American Heart Association/American College

of Cardiology classification: high risk = aortic; intermediate risk = abdominal; ear, nose, throat; neurologic; orthopedic;
pulmonary; renal transplant; urologic; vascular, excluding aortic and carotid; low risk = breast; carotid; dental; endocrine;
eye; gynecology; reconstructive. Within the intermediate risk group, patients undergoing orthopedic or urologic surgery
had significantly lower risk than patients undergoing other types of surgery. Therefore, we labeled orthopedic and urologic
procedures as low-intermediate risk, and the remaining procedures as intermediate-high risk.



(0.7%) who underwent emergency surgery had a significantly higher rate of cardiovascular death
than did patients who underwent nonemergency surgery (6.1% vs. 0.5%; p <0.001).

In univariable analyses, the adapted Lee index and its individual components were associated with
an increased risk of cardiovascular death (TABLE 5.2). The prospective C statistic for the prediction
of cardiovascular mortality in this validation analysis was 0.63. The C statistic for this exploratory
analysis was substantially higher in the subset of 66 530 low- to intermediate-risk surgical proce-
dures (including breast, carotid, dental, endocrine, eye, gynecology, orthopedic, reconstructive, and
urologic surgery) than in the remaining 42 063 intermediate- to high-risk procedures (0.68 vs. 0.56).
When more detailed information, including the type of surgery (defined as low, low-intermediate,
intermediate-high, and high), whether it was laparoscopic or open, and whether it was emergent,
was added to the Lee index, the retrospective C statistic was 0.79 (TABLE 5.3). If age were included,

the C statistic rose further, to 0.85.

Validation of the Lee risk index

TABLE 5.3

Multivariable relation among the Lee index, type of surgery, age, and perioperative cardiovascular death,
based on analyses of 108 593 subjects undergoing non-cardiac surgery.

Odds ratio (95% confidence interval)

Adapted Lee

Adapted Lee index

Adapted Lee index,

index only and type of surgery  type of surgery and age

Model C statistic 0.63 0.79 0.85
Adapted Lee index* >3 11.0(7.7-15.8)

2 5.1(3.8-6.7)

1 2.0(1.7-2.4)

0 1
Adapted Lee index, excluding >3 9.2(5.5-15.4) 6.4(3.8-10.8)
type of surgery 2 5.6 (4.0-7.9) 4.0 (2.9-5.6)

1 2.3(1.8-3.0) 1.7 (1.3-2.2)

0 1 1
Type of surgery® High risk 35.7 (22.1-57.6) 20.0 (12.3-32.5)

Laparoscopic procedure

Emergency surgery

Age (years)

Intermediate-high risk
Low-intermediate risk
Low risk

Yes

No

Yes

No

>80

70-80

60-70

50-60

40-50

<40

10.3(7.0-15.2)
2.8(1.8-4.3)

1
0.3(0.2-0.4)
1
4.6 (3.2-6.5)
1

10.3(7.0-15.1)
2.7 (1.7-4.1)

1
0.3(0.2-0.4)
1
4.4 (3.1-6.4)

1
19.9(12.8-31.1)
12.6 (8.3-19.0)
8.5(5.6-12.9)
5.6 (3.6-8.7)
2.5(1.5-4.1)
1

“Index that assigns one point to each of the following characteristics: ischemic heart disease, history of heart failure,
history of cerebrovascular disease, renal insufficiency, and diabetes mellitus. t According to the American Heart
Association/American College of Cardiology classification: high risk = aortic; intermediate risk = abdominal; ear, nose,
throat; neurologic; orthopedic; pulmonary; renal transplant; urologic; vascular, excluding aortic and carotid; low risk
= breast; carotid; dental; endocrine; eye; gynecology; reconstructive. Within the intermediate risk group, patients

undergoing orthopedic or urologic surgery had significantly lower risk than patients undergoing other types of surgery.

Therefore, we labeled orthopedic and urologic procedures as low-intermediate risk, and the remaining procedures as

intermediate-high risk.
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DISCUSSION

Cardiovascular mortality still is a major burden in patients undergoing non-cardiac surgery. In the
investigated cohort, about 7 of every 1000 procedures in men and 3 of every 1000 procedures in
women resulted in fatal in-hospital cardiovascular complications. In contrast, anesthesia-related mor-
tality occurs only in approximately 1 of 250 000 procedures'®. Interestingly, patients who underwent
postmortem examination were considerably more often classified as cardiovascular death than were
patients in whom no such examination was performed, suggesting that the incidence and effect of
cardiovascular complications after non-cardiac surgery may be underestimated in clinical practice.

The Lee index (or revised Goldman index) is considered the best currently available cardiac risk
prediction index in non-cardiac surgery because it was developed on contemporary, prospectively
gathered clinical data from unselected patients who underwent a wide spectrum of procedures and
were followed systematically postoperatively, including standardized visits and cardiac biomarkers,
for a range of clinically relevant cardiac outcomes'”'8, In our study, the Lee index was adapted for
an administrative database and its use extended to a different goal--the use of administrative data
specifically to predict perioperative cardiovascular mortality. However, in agreement with another
investigation'®, our data also suggest that the Lee index is probably suboptimal for identifying patients
with greater cardiac risk, perhaps because it excluded emergency operations and perhaps because
the type of surgery, which is one of the main determinants of adverse cardiovascular outcome'3, was
considered in only 2 subtypes: high risk, including intraperitoneal, intrathoracic and suprainguinal
vascular procedures; and all remaining nonlaparascopic procedures, mainly including orthopedic,
abdominal, and other vascular procedures. We found that a more subtle classification, as suggested
by the American Heart Association/American College of Cardiology guideline committee'3, resulted,
at least retrospectively, in a substantially better risk discrimination. We realize that the Lee index was
developed for the prediction of prospectively detected “major cardiac complications” (which included
myocardial infarction, cardiogenic pulmonary edema, cardiac arrest, and cardiac death) and not for
the prediction of cardiovascular death only. It is unknown whether the C statistics would have been
more favorable if we had used the same endpoint as Lee and colleagues, but some believe it may
be easier to predict the incidence of death than to predict a broader range of clinical outcomes®. In
addition, from the perspective of assessing quality of care using administrative databases, cardiovas-
cular mortality is certainly a relevant endpoint.

The American Heart Association/American College of Cardiology guidelines identify advanced age as
a minor predictor of cardiovascular risk'>. In our study, as in essentially every study of perioperative
risk, cardiovascular mortality increased progressively with age3''. Indeed, elderly patients might
often have asymptomatic coronary disease, which places them at increased risk of perioperative
cardiovascular complications. The key question has been whether age itself is an independent pre-
dictor or whether its importance is subsumed by its strong relation with other measurable evidence
of the severity of disease or of comorbid conditions. Our finding of the major importance of age
per se might be because our approach to assessing risk factors was by means of the medical his-
tory as coded according to the ICD-9 system and subsequently entered in an electronic database
by administrative personnel based on written information provided by health-care professionals.
These employees are specifically instructed to avoid inappropriate over-diagnosis; as a result, key
medical conditions might have been overlooked, and, consequently, the relative contribution of
these factors to cardiovascular death might have been underestimated, thereby also increasing the
apparent independent contribution of age itself?'. In addition, we restricted our analyses to patients
who underwent surgery. No information was included from patients who were screened but who did
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not undergo surgery because the risk was perceived as prohibitive. Obviously, exclusion of patients
at risk of adverse cardiovascular outcome might have diluted estimates of relative risk.

The identification of patients at risk of perioperative cardiovascular complications has improved
considerably in recent years. Beta-blockers reduce complication rates for some categories of patients,
such as those undergoing major vascular surgery???4, and statins may be useful as well?>. By com-
parison, routine coronary revascularization is not beneficial?®. The development and implementation
of such strategies for the entire spectrum of surgical patients remains an important challenge for
contemporary medicine?’. In that regard, it is noteworthy that the incidence of fatal perioperative
cardiovascular complications at our center did not decline during the 10-year study period.

Conclusion

This single center study, which involved over 100 000 subjects, demonstrated that perioperative car-
diovascular mortality is a major burden in patients undergoing non-cardiac surgery. Little progress
has been achieved in reducing cardiovascular mortality during the years of the study. The adapted
Lee index had an admirable performance to predict cardiovascular mortality, but its simple classifi-
cation of procedures as high risk versus not high risk seems suboptimal. Our analysis is limited by
the fact that our data are derived from an administrative database, the retrospective nature of the
data, the ICD-9 coding of clinical characteristics, and our evaluation of cardiovascular death rather
than a broader range of clinical complications. Our approach seems most applicable to situations in
which administrative data are to be used to assess outcomes and to compare outcomes in different
hospitals or regions. Furthermore, prospective studies are warranted to confirm our findings.
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