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Sixty-six patients unable to complete a standard preoperative
exercise test because of physical limitations were studied to de-
termine the predictive value of individual clinical parameters, of
clinical scoring systems based on multifactorial analysis, and of
dipyridamole-thallium imaging before major general and vascular
surgery. Study endpoints were limited to postoperative myocar-
dial infarction or cardiac death before hospital discharge. There
were nine postoperative cardiac events (seven deaths and two
nonfatal infarctions). There was no statistical correlation between
cardiac events and preoperative clinical descriptors, including
individual clinical parameters, the Dripps-American Surgical
Association score, the Goldman Cardiac Risk Index score, the
Detsky Modified Cardiac Risk Index score, Eagle’s clinical
markers of low surgical risk, and the probability of postoperative
events as determined by-Cooperman’s equation. There were no
cardiac events in 30 patients with normal dipyridamole-thallium
scans or in nine patients with fixed myocardial perfusion defects.
Of 21 patients with reversible perfusion defects who underwent
surgery, nine had a postoperative cardiac event (sensitivity, 100%;
specificity, 43%). In the six other patients with reversible defects,
preoperative angiography showed severe coronary disease or
cardiomyopathy. Thus in patients unable to complete a standard
exercise stress test, postoperative outcome cannot be predicted
clinically before major general and vascular surgery, whereas
dipyridamole-thallium imaging successfully identified all patients

who sustained a postoperative cardiac event.
‘ postoperative morbidity and death after vascular
and major general surgery when there is coexist-
ing coronary artery disease.!> Available methods used to
identify high-risk coronary patients include clinical history
and physical examination, resting electrocardiography,
clinical scoring. systems, exercise testing, dipyridamole-
thallium imaging, and systematic coronary angiography.
The latter is not practical as a screening procedure. Most
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authors agree that if the exercise stress test is clinically
and electrically negative at 85% of the maximal predicted
heart rate, a patient can safely undergo surgery.*® Un-
fortunately many patients cannot achieve an adequate
exercise level because of peripheral vascular disease, ad-
vanced age, neurologic or locomotor problems, or beta
blocker use. The present study was undertaken to assess
the predictive value of individual clinical parameters, of
five clinical scoring systems, and of dipyridamole-thallium
imaging for postoperative cardiac events in patients with
suspected or known coronary artery disease unable to
achieve an adequate level of exercise on the treadmill.

Material and Methods
Patient Population

The study population consisted of 66 consecutive pa-
tients referred for dipyridamole-thallium imaging before
major general or vascular surgery. Reasons for referral for
cardiac risk assessment included multiple risk factors, a
history of atypical chest pain, resting electrocardiographic
abnormalities, or suspected or known coronary artery
disease. An adequate level of stress on the standard tread-
mill test could not be achieved either because of physical
limitations or because of beta blocker use.

Clinical Evaluation

Medical charts were reviewed and Dripps-American
Surgical Association score,” Goldman Cardiac Risk Index
score and class,® Detsky Modified Risk Index score
and class,’ Eagle’s criteria,'’® and Cooperman event
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FIGs. 1A-C. Fifty-seven-year-old man admitted for surgery of the right superficial femoral and popliteal arteries. He had had a remote myocardial
infarction, but denied any angina. Immediate postdipyridamole (left) and redistribution (right) thallium myocardial perfusion images in the best
septal (A), left anterior 70 degree (B), and anterior (C) views show severe, completely reversible perfusion defects of the septal, inferoapical (A),

anterior, apical, and inferior (B and C) myocardial segments. Peri- and postoperative outcome was uneventful until he died suddenly six days after
surgery.
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probability'' were determined for each patient. The scor-
ing systems are described in Table 1. As described in Table
2, 48 patients underwent major reconstructive vascular

surgery and 18 underwent major general surgery.

Dipyridamole Infusion Protocol

The dipyridamole infusion protocol was described in
detail in a previous report.'? Briefly, patients were studied
in the fasting state, having avoided coffee, tea, soft drinks,
and chocolate for 24 hours, and all theophylline deriva-
tives were discontinued for 48 hours before the test. A 20-
gauge canula was installed in a large antecubital vein and
the cardiac rhythm was continuously monitored with a
II lead. Baseline and q 1 mn heart rate and blood pressure
were recorded. Dipyridamole was infused at a rate of 0.14
mg/kg/minute over four minutes. After the infusion, the
patient stood up and walked in place for two minutes. At
that point, 3 mCi of thallium-201 was injected as a com-
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pact bolus into the canula, which was rapidly followed by
a 10-mL bolus of normal saline solution. The patient
continued walking on the spot for two minutes and then
imaging was begun under the scintillation camera. During
each study aminophylline 125 mg was available to reverse
any serious adverse effects of dipyridamole. There were
no major irreversible side effects from dipyridamole in
the 66 patients. Patients who developed symptomatic
myocardial ischemia responded quickly to intravenous
aminophylline. The mean variation in heart rate and sys-
tolic blood pressure after dipyridamole infusion were,
respectively, 9.1 + 8 beats per minute and 17 + 19.8
mm Hg.

Thallium-201 Myocardial Imaging

The first image was taken in the best septal view, fol-
lowed by the left anterior oblique 70-degree (with manual
breast support by the technician in female patients) and

TABLE 1. Clinical Scoring Systems

No. of No. of
Test Patients Test Patients
Goldman Cardiac Operative Risk Index® Alveolar pulmonary edema
History Within 1 week 10
Age > 70 5 Ever 5
Myocardial infarction < 6 months 10 Valvular disease
Aortic stenosis ) 3 Suspected critical aortic stenosis 20
. Arrhythmias
Physical exam . .
(third heart sound, S3 gallop, or signs of congestive Rhythm other than sinus (may have APB’s) 3
heart failure) 11 More than 5 P\"C s prior to surgery 5
) Poor general medical status 5
Electrocardiogram Age over 70 years 5
Any rhythm other than sinus 7 Emergency operation 10
> 5 premature ventricular contractions/mn 7 :
Poor general medical condition 3 Total score: 0 to 120
PO, < 60 Detsky Classification
P CO, > 50 Detsky class Total points
K*<3 1 0-15
BUN > 50 2 16-30
Creatinine > 3 (>260 mmol/L) 3 >30
Bedridden . .
. Eagle Vascular Surgery Low Risk Clinical Markers'®
Operation The patient is considered to be at low risk for surgery if the follow-
Emergency . . 4 ing 5 clinical markers are absent: history of angina, clinical or electro-
Intrathoracic or intra-abdominal or aortic 3 cardiographic evidence of prior myocardial infarction, diabetes and
. congestive heart failure.
Total points = 0 to 53
Cooperman equation'
Goldman Classification Total points P = antilogy[(C, * X)) + (C; * X)) + - - - + (]
1 0-5 X, = angina (C, = 0.46)
2 6-12 X, = congestive heart failure (C, = 1.02)
3 1 33255 X; = arrhythmia (C; = 0.62)
X, = previous myocardial infarction (C, = 0.64)
Detsky Modified Multifactorial Risk Index’ Xs = cerebrovascular accident (Cs = 1.15)
. X¢ = abnormal electrocardiogram (C¢ = 1.25)
Coronary artery disease Dripps-American Surgical Association Physical Status Score’
Myocardial infarction within 6 months 10 1 = normal healthy patient for elective operation
Myocardial infarction more than 6 months S o PRt
2 = mild systemic disease
Canadian Cardiovascular Society angina 3 = severe systemic disease with limited activity but not incapacitated
Class I1I 10 4 = incapacitating systemic disease which is a constant threat to life
Class IV 20 5 = moribund patient not expected to survive 24 hours with or with-

Unstable angina within 6 months 10

out operation
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TABLE 2. Surgical Procedures

No. of
Procedure Patients

Vascular surgery (n = 48)
Limb vascular procedures 12
Aortomesenteric bypass 1
Aortorenal bypass 4
Elective aortic replacement for aortoiliac

arteriosclerotic disease 16
Elective resection of abdominal aortic aneurysms 11
Carotid endarterectomy 4
Major general surgery (n = 18)
Hysterectomy 4
Hemicolectomy for colonic cancer 2
Renal transplant 1
Marshall-Marchetti 1
Radical cystectomy 1
Radical thyroidectomy 2
Total hip prosthesis 3
Excision of infected prosthesis 1
Ankle reconstruction 1
Gastrectomy 2

anterior views. Delayed images were obtained four hours
after thallium injection and the patient was instructed to
eat lightly during that time interval. Preset time eight-
minute images were taken in each of the three views (initial
and delayed images) with a photopeak set at 80 kev with
a 20% window. Care was taken to position the patients
identically for the initial and redistribution studies. For
each scintigraphic study, the following images were dis-
played: analog images, interpolated background sub-
tracted images, circumferential profiles, and washout rate
analysis. All myocardial scintigraphic images were inter-
preted by two experienced observers without prior knowl-
.edge of patient history, coronary anatomy, or postoper-
ative outcome. The myocardium was divided into three
segments in each view for a total of nine segments. Scans
were interpreted either as normal, as showing a fixed de-
fect, or as displaying a reversible defect in at least one
myocardial segment.

A fixed defect was defined as an initial perfusion defect
with no redistribution on delayed images, plus electro-
cardiographic evidence of a necrosis in the corresponding
segment with a clinical history of myocardial infarction
and documented elevation of cardiac enzymes (when
available) proportional to the size of the observed perfu-
sion defect. Otherwise, because of the high reported in-
cidence of viable but stunned myocardium in fixed de-
fects,!* we took either delayed 24-hour resting thallium
images or a radionuclide gated equilibrium ventriculo-
gram (MUGA scan) under continuous intravenous nitro-
glycerin infusion to confirm the presence of scar tissue.
Infrequent differences in interpretation were resolved by
consensus.
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Study Endpoints

Only cardiac death (acute myocardial infarction or
sudden unexpected death) and acute myocardial infarc-
tion before hospital discharge were accepted as endpoints.
Acute myocardial infarction was diagnosed when at least
two of the following three criteria were met: (1) a recent
episode of characteristic chest pain that lasted more than
30 minutes; (2) a transient increase above the upper limit
of normal of total serum creatinine kinase (CK) and its
myocardial isoenzyme subfraction (MB CK), related
temporally to the episode of chest pain; and (3) Minnesota
code criteria for definite or probable myocardial infarction
accompanied by evolving ST- and T-wave changes.'*!’
The results of thallium studies were made available to
referring physicians who decided to refer the patient either
for coronary angiography or directly to surgery. Sixty pa-
tients went to surgery, with antianginal drug therapy when
there was thallium redistribution. The choice of drug
therapy was not standardized and depended on the pref-
erences of the referring physician. Patients with redistri~
bution were usually monitored with a Swan-Ganz catheter
during surgery, transferred to the intensive care unit after
operation, and followed by the consulting cardiologist after
operation.

Statistical Analysis

Correlation between clinical parameters, scoring sys-
tems, results of dipyridamole-thallium imaging, and car-
diac events was done using chi square and ANOVA anal-
ysis. All values are mean =+ standard deviation.

Results
Clinical Features and Postoperative Outcome

The clinical features of the 66 patients are listed in Table
3. No patient had preoperative clinical evidence of heart
failure. Among the 60 patients who underwent surgery,
51 had an uneventful outcome, and 9 had cardiac events:
7 cardiac deaths (6 due to myocardial infarctions and 1
sudden death) (Fig. 1) and 2 nonfatal myocardial infarc-
tions. The latter two infarctions included one transmural
anterior infarct, and one non-Q wave infarct. Cardiac
events appeared two to six days after operation (mean,
3.9 days). Surgery was cancelled in six of the patients who
had thallium redistribution; all underwent preoperative
coronary angiography and either had significant coronary
artery disease (five) or cardiomyopathy (one), as illustrated
in Table 4.

Predictive Value of Clinical Parameters

There was no statistical correlation between either in-
dividual clinical parameters (Table 3) or the scoring sys-
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TABLE 3. Clinical Predictors

Surgery
Clinical Parameter No Event Event Cancelled
n =66 51 pts. (%) 9 pts (%) 6 pts (%)

Age 58.3 +10.7 63.1 £ 6.7 57.5+£9.32
Number of men 26 (51) 6 (66) 2(33)
Surgery
Vascular 42 (82) 6 (66) 3 (50)
Abdominal procedure 34 (66) 5(55) 4 (66)
Cerebrovascular disease 10 (19) 3(33) 2(33)
COPD 11 (21) 3(33) 1(16)
Cr > 260 mmol/L 4(7) 0 1 (16)
Risk factors
Mean number 1.63 £ 0.91 1.89 = 0.99 21
Smoking 42 (82) 7(77) 5(83)
Hypertension 21 (41) 4 (44) 3(50)
Diabetes 10 (19) 4 (44) 2(33)
Family history 8 (15) 0 1 (16)
Angina grade

0 24 (48) 707 5(83)

1 1(2) 0 0

2 12 (23) 1(11) 1(26)

3 1(2) 0 0
Atypical chest pain 12 (23) 1(11) 0
Previous MI 13 (25) 5 (55) 0
Electrocardiogram
LVH 7(13) 4 (44) 1(16)
ST-T 16 (31) 4 (44) 4 (66)
Arrhythmia 50) 4 (44) 0

COPD, chronic obstructive pulmonary disease.

Cr, creatinine.

Angina grade, Canadian Classification.

Previous MI, previous myocardial infarction.

Electrocardiogram, LVH: left ventricular hypertrophy.

ST-T, ST-T segment anomalies.

Arrhythmia, any rhythm other than sinus or more than five premature
ventricular contractions per minute.

Abdominal procedure, intra-abdominal procedure.

tems (Table 5), and postoperative outcome, with one ex-
ception. The relation between the Cooperman probability
of a cardiac event and postoperative outcome attained
borderline statistical significance (p = 0.05), but there is
a wide dispersion of individual probability values in each
group. For example, although all patients who sustained
a postoperative cardiac event had a Cooperman proba-
bility greater than.15%, so did 60% (30 of 51) of patients
with an uneventful outcome.

Predictive Value of Dipyridamole-Thallium Imaging

No events occurred in the 30 patients with normal scans
or in the nine patients with fixed defects as defined in this
study. One patient had a fixed anterior wall defect and a
history of infarction, but only inverted T waves in the
anterior leads on the electrocardiogram. A MUGA scan
during continuous nitroglycerin infusion showed normal
anterior wall motion. Therefore the anterior wall defect
was considered to be completely reversible and the patient
was not classified in the fixed defect category. He died
three days after operation of an acute myocardial infarc-
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tion. Twenty-one patients displayed a reversible defect,
including the nine patients who sustained a postoperative
cardiac event (sensitivity, 100%; specificity, 43%).

Discussion
Failure of Clinical Scoring Systems

No clinical descriptor, including individual clinical pa-
rameters and the five scoring systems, could predict post-
operative outcome. The absence of a preoperative history
of angina in most (78%) patients who sustained a cardiac
event underscores the difficulty of evaluating patients who
spontaneously restrict their activities in response to pe-
ripheral vascular or other limiting diseases.'¢

The poor predictive value of chest pain has been pre-
viously reported in a series of 12,654 patients.! The
Dripps-American Surgical Association classification, al-
though involving the study of 33,224 patients,’ is more a
physical fitness scale than an assessment of peri- and post-
operative risk. This probably accounts for its lack of pre-
dictive value. The Goldman Cardiac Risk Index,? based
on the preoperative assessment of 1001 consecutive pa-
tients, is straightforward and readily adopted by clinicians
but was not separately verified on a hypothesis-testing
group of patients in the original study. It later yielded less
encouraging results in a validating set of patients.® Detsky
developed a modified version of the Goldman multifac-
torial scoring system that was validated on a group of 455
patients.’ In our study all patients who developed post-
operative cardiac events were classified at relative low risk
(class 1 or 2) according to Detsky’s scale.

In a series of 111 patients, Eagle observed that there
were no cardiac events in patients with no angina, conges-
tive heart failure, diabetes, previous myocardial infarction,
or electrocardiographic Q waves.'? In our study one third
of patients with a cardiac event would have been classified
as low risk according to Eagle’s criteria. Determination
of event probability from Cooperman’s equation,'' de-
veloped by multivariate analysis in 566 patients, showed

TABLE 4. Angiographic Data of Patients Whose
Surgery Was Cancelled

Patient LM RCA LAD Cx Procedure Cancelled
1 75 0 0 0  Elective aortic replacement
2 50 50 100 100  Elective resection of AAA*
3 0 100 80 75  Thyroidectomy
4 0 100 70 0  Ankle reconstruction
S 0 50 85 50  Aorto-renal bypass

6 cardiomyopathy: EF = 34% Renal transplantation

* AAA, abdominal aortic aneurysm.

EF, ejection fraction.

LM, RCA, LAD, and Cx, Left main, right, left anterior descending
and circumflex coronary arteries.

All patients had thallium redistribution.
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TABLE 5. Failure of Clinical Scoring Systems to Predict Postoperative Events

No Event Event Surgery Cancelled
Scoring System (n = 66) 51 pts (%) 9 pts (%) 6 pts (%) p

Dripps-ASA

Total score 2.14 £ 0.99 222 +042 2+0 NS*
Goldman

Total score 4.36 + 3.36 3.67 442 3.33+£292 NS
Number of patients in low risk class 1 or 2 50 (98) 8 (89) 6 (100) NS
Detsky

Total score 4.51 £5.71 5+3.33 4.67 +£2.98 NS
Eagle criteria

Number of pts. classified at low risk 14 (27) 3(33) 2(17) NS
Cooperman equation

Probability (%) 21 £ 17 37+24 31 +£27 0.05

See Table 1 for description of scoring systems.

a weak statistical correlation (p = 0.05) with postoperative
outcome. Furthermore the range of probabilities in both
groups is so wide that prediction of postoperative outcome
is not feasible in individual patients. Cooperman realized
this problem and urges that caution must be used in ap-
plying the risk equation to individual patients.'!

Clinical Significance of Silent Myocardial Ischemia

Silent myocardial ischemia is now well recognized as
being as important as symptomatic ischemia in the eval-
vation of whether a coronary patient is at risk for myo-
cardial infarction or sudden death.!’2! For example data
on 424 patients from the Coronary Artery Surgery Study
(CASS) Registry shows that patients with exercise-induced
angina or silent ischemia have a similar risk of developing
an acute myocardial infarction or sudden coronary death,
except in patients with three-vessel coronary artery disease
in which the risk is greater in asymptomatic patients.'’

With respect to preoperative cardiac assessment, this
may explain the failure of all clinical modalities that rely
on symptomatic ischemia as a risk indicator, such as a
history of angina, the Eagle clinical markers, the Detsky
Modified Cardiac Risk Index, and Cooperman’s equation.
Thallium imaging has the advantage of being a very sen-
sitive tool to detect both symptomatic and silent isch-
emia,?? and has been shown to be more sensitive than the
exercise electrocardiogram.?

Dipyridamole-Thallium Myocardial Perfusion Imaging

The poor predictive value of clinical descriptors leaves
only exercise testing and dipyridamole-thallium imaging
as practical noninvasive means of identifying high risk
patients. Exercise testing is frequently nondiagnostic in
patients with peripheral vascular disease, advdnced age,
neurologic or locomotor problems, or beta blocker use,?*
and should probably be avoided in patients with a large
abdominal aortic aneurysm because of the low risk of

* Not significant.

rupture.?’ Thallium imaging after dipyridamole-induced
coronary vasodilation produces myocardial perfusion
images similar to those obtained after exercise and have
been shown to be as sensitive and specific as thallium
exercise testing for the diagnosis of coronary artery dis-
ease.26’27

In our study, all 39 patients with normal dipyridamole-
thallium scans or fixed perfusion defects (scar tissue from
a previous myocardial infarction) underwent surgery un-
eventfully, whereas 43% of patients (9 of 21) with thallium
redistribution sustained a postoperative cardiac event.
Surgery was cancelled in six patients with extensive thal-
lium redistribution on myocardial perfusion images and
all had either severe coronary artery disease or cardio-
myopathy on coronary angiography. Data compiled from
six previous studies'»?%-32 yields results similar to ours: a
1.1% (3 of 272 patients) overall event rate in patients
without redistribution and a 29.4% (47 of 160 patients;
range, 19% to 43%) event rate in patients with reversible
defects.

Management of Patients with Reversible Defects

The management of patients with reversible defects is
still controversial. Current recommendations include
preoperative coronary angiography with revascularization
of high-risk lesions, surgery with antianginal medication,
and cancellation or modification of surgery when feasi-
ble.*>10-28-33 At the present time, we believe that cases
must be managed on an individual basis in the absence
of data on the combined morbidity and mortality risks
associated with coronary angiography and myocardial re-
vascularization followed by peripheral vascular recon-
struction in a population of patients with multi-level vas-
cular disease. Surgeons frequently resort to less aggressive
extra-abdominal vascular procedures in high-risk patients
in the hope of reducing cardiac risk, whereas there appears
to be little or no decrease in cardiac risk by resorting to
extra-abdominal vascular reconstruction.’***
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Limitations of the Study

The poor predictive value of the multifactorial scoring
systems may be related to our choice of study endpoints:
only cardiac death and infarction were accepted as post-
operative events because these events are irreversible and
severe enough to justify preoperative coronary angiog-
raphy and revascularization. Event rates in our study
would have been different had we also chosen unstable
angina, pulmonary edema, cardiac arrhythmia, and pe-
ripheral emboli as study endpoints. The high ratio of car-
diac deaths and transmural infarctions to non-Q wave
infarctions in our study may be due either to statistical
sampling in a small group of patients who sustained a
cardiac event or to the cardioprotective effect of antian-
ginal medication given to patients with thallium redistri-
bution.

Postoperative outcome cannot be predicted by either
individual clinical parameters or the five clinical scoring
systems studied. However dipyridamole-thallium imaging
successfully identified all patients who sustained a post-
operative cardiac event.
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