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Preoperative Risk Assessment: Many Studies,

Few Solutions

Is a Cardiac Risk Assessment Paradigm Possible?

Developing preoperative assessment strategies for sur-
gical patients with or at risk for cardiac disease is both
a critical goal and challenging task. More than 28 mil-
lion people in the United States undergo surgery, at a
cost of more than $300 billion annually—one-third of
the entire U.S. health-care budget of $900 billion. Ad-
ditionally, approximately 9 million surgical patients
have or are at risk for cardiovascular disease, resulting
in in-hospital or long-term cardiovascular complica-
tions for 1.5 million patients and additional costs ex-
ceeding $20 billion annually."? Over the next three
decades, aging will exacerbate both risk and costs by
increasing the surgical population older than age 65
yr from 7 to 14 million, and the number of procedures
to nearly 40 million per year.?

Key to reducing perioperative cardiovascular mor-
bidity and costs is the preoperative identification of
high-risk patients likely to suffer postoperative com-
plications. To be effective, preoperative testing must
be able to simulate the myriad intraoperative and post-
operative stresses encountered, particularly those as-
sociated with myocardial infarction. However, the
multiple etiologies potentially associated with peri-
operative myocardial infarction make this a particularly
daunting task (fig. 1)." Added to these are the stresses
of the complex, prolonged perioperative period related
to oxygen supply and demand, thrombosis, and other
factors. Moreover, even in a relatively homogeneous
population presenting for surgery, the relative contri-
bution of any factor likely will vary markedly from pa-
tient to patient. Thus, preoperative risk assessment is
inherently limited by the difficult (if not impossible)
goal of tailoring risk identification to the requirements
of individual patients. Most current preoperative tests
are designed to emphasize only one or two perturba-
tions, ignoring others that might be important for iden-

Accepted for publication August 20, 1995.

Key words: Cardiac assessment. Dipyridamole thallium imaging.
Injury. Ischemia. Myocardial infarction. Perioperative cardiac mor-
bidity. Preoperative assessment. Scintigraphy.

Anesthesiology, V 83, No 5, Nov 1995

tifying additional or confounding pathophysiologic
conditions in the patient for whom the test is being
performed. For example, dipyridamole thallium scin-
tigraphy assesses the effects of coronary redistribution
but not of increases in heart rate, decreases in blood
pressure, or alteration in thrombosis. Yet, in any given
patient, it may be these latter factors and not redistri-
bution phenomena per se that are most likely to pre-
cipitate adverse outcome. Thus, the ideal preoperative
assessment paradigm must be comprehensive and pa-
tient-specific.

History of Preoperative Assessment Testing

With recognition that perioperative myocardial in-
farction was an important problem, investigators in the
early 1950s explored the value of historical and clinical
preoperative variables for prediction of outcome, find-
ing that recent myocardial infarction and current
congestive failure were consistent predictors.' In the
mid-1970s, the concept of risk indexes was introduced
and developed by combining such historical and pre-
operative clinical information. These approaches, em-
phasizing the chronic disease state, enhanced assess-
ment but remained limited by an inability to assess the
stress response. Nonroutine preoperative cardiac stress
testing emerged, first exercise stress testing and radio-
nuclide ventriculography, followed by ambulatory
electrocardiography, perfusion scintigraphy, and stress
echocardiography. During the last two decades, more
than 50 trials of varying scope attempted to establish
the prognostic value of such tests, with initially en-
couraging results. However, some limitations existed,
including design and methodologic problems that ren-
dered interpretation of the results and extrapolation of
findings to more than specific study populations diffi-
cult (table 1). Most recently, dipyridamole thallium
scintigraphy and ambulatory Holter electrocardiogra-
phy have received considerable attention. At costs as
great at high at $1,500 per test (for scintigraphy), we
have an obligation to evaluate critically the true prog-
nostic value of these nonroutine tests.
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Potential Etiologies of Perioperative Myocardial Infarction
(Non-cardiac surgery)

Supply/Demand Thrombosis

Supply Demand * Inflammatory response
* Hypoperfusion * Stress * Leucocyte act n
* Redistribution responsc

« Plaque n re/spasm
B phenomena Plaque rupture/spasm
P * Hypocoagulable state

Other

, Coronary artery factors

* Sheer stress/spasm
* Endothelial factors
* Embolism

Fig. 1. Categories of potential etiologies for myocardial in-
farction occurring in patients undergoing noncardiac surgery.
(See reference 1 for specific citations.)

Dipyridamole Thallium Scintigraphy

Because patients undergoing vascular surgical pro-
cedures are among those at greatest risk but are unable
to exercise, pharmacologic methods for simulating the
physiologic effects of exercise have been developed,
including those that induce coronary vasodilation, e.g.,
dipyridamole. Early studies conducted in nonsurgical
patients indicated that dipyridamole thallium scintig-
raphy was useful for diagnosis of coronary artery disease
and prediction of long-term events, such as myocardial
infarction. Subsequent studies in patients undergoing
vascular surgery demonstrated that nearly all periop-
erative adverse events were associated with scintigra-
phy redistribution defects at sensitivities exceeding
80% and negative predictive values near 100%." For
example, Boucher et al.> documented that all adverse
outcomes (n = 8) after noncardiac surgery occurred
in the 16 of 48 patients who had preoperative redis-
tribution defects. Confirmation of such results by others
produced more widespread practice of routinely per-
forming dipyridamole thallium scintigraphy in patients
undergoing peripheral vascular surgery.'

In 1991, Mangano et al.® challenged the use of rou-
tine testing based on the failure of previous investi-
gators to blind scintigraphic findings from the treating
clinicians and other limitations. In a prospective study
of 60 patients undergoing elective vascular surgery that
blinded all treating clinicians to scintigraphy results,
they assessed not only adverse outcome but also several
measures of perioperative myocardial ischemia. Unlike
their predecessors, they found no association between
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redistribution defects and adverse cardiac outcomes;
that is. 54% of adverse outcomes occurred in patients
without redistribution defects, and the risk of adverse
outcome was not significantly greater in patients with
such defects (relative risk 1.5, 95% CI 0.6-3.9, P
0.4). Additionally, they found no association between
redistribution defects and perioperative ischemia—the
majority of perioperative electrocardiogram and trans-
esophageal echocardiographic ischemic episodes were
not associated with redistribution defects. They sug-
gested that adverse outcomes after surgery, particularly
myocardial infarction, were due to various causes, in-
cluding increases in indexes of myocardial oxygen de-
mand, thrombosis, and other etiologies not specifically
tested by dipyridamole thallium scintigraphy. They
concluded that routine preoperative screening with this
test may not be warranted. Only a large-scale study
conducted in 457 patients by Baron et al.” resolved
the resulting controversy, confirming that no significant
association existed between thallium redistribution
defects, perioperative myocardial infarction, or other
adverse events in patients undergoing abdominal aortic
surgery.

Combined, these two studies indicated that routine
use of thallium scintigraphy was not appropriate for
all vascular surgery patients but also recommended,
with others, that the predictive value of thallium
scintigraphy could be improved by identifying sub-
sets of patients, quantifying scintigraphy data, and
examining multiple segments, differing views, or dif-
fering coronary artery territories.” Subsequent studies
applying quantitative techniques indicate prognostic
value using these alternatives. Most recently, inves-
tigators have focused on delineating subsets of pa-
tients who may benefit from scintigraphic identifi-
cation of risk status (e.g., low vs. high) using clinical
markers. For example, Eagle et al.® have delineated
a subset of variables to develop a paradigm based on
the clinical history. At the extremes of risk (no clin-
ical variables vs. multiple variables present), out-
come event rates were clearly predicted by clinical
markers, with scintigraphy failing to provide addi-
tional information. However, scintigraphy provided
useful information for patients at moderate risk
(three or four risk factors). Thus, it appears that di-
pyridamole thallium scintigraphy can benefit pre-
operative risk assessment, and in addition, subset
identification and quantitation of results should be
an essential part of the assessment paradigm.

20z Iudy g1 uo 3sanb Aq ypd’L0000-0001 | 5661-2¥S0000/2 79681/ L68/S/€8/sPd-01011e/ABO|OISBUISOUE/WOD JIEYDISA|IS ZESE//:0}Y LI} PSPEOJUMO;

i .



{an,

EDITORIAL VIEWS

899

Table 1. Preoperative Risk Factors: Nonroutine Diagnostic Tests

Author, Year

Factor

Supported

Refuted

Exercise-stress testing
Electrocardiography

Gage 1977, Cutler 1979, 1981, von Knorring

Carlinert 1985, Gersont 1985,

1986, McPhail 1988 1990

Radionuclear
Ambulatory electrocardiography
Echocardiography

Precordial
Stress

Jain 1985, Gerson 1985, Kopecky 1986, —
Freeman 1989

Raby 1989, Pasternack 1989, Ouyang 1989, —
Mangano 1990

= Halm 1994

Lalka 1992, Poldermans 1993, Langan 1993, —

Tischler 1991, Davila-Roman 1993

Transesophageal
Radionuclear ventriculography

Dipyridamole-thallium scintigraphy

Pasternack 1984, 1985, Gerson 1985,
Kopecky 1986, Freeman 1989

Boucher 1985, Brewster 1985, Cutler 1987,
Leppo 1987, Eagle 1987, 1989, Lettef

Kazmers 1988, 1988

Franco 1989, McCann 1989,
McEnroe 1990, Baron 1994

London 1988, Mangano 1991,
Baron 1994

1989, Leveinsont 1990, Lanet 1989

Magnetic resonance imaging/spectroscopy
Cardiac catheterization

Hertzer 1984, 1985, Hollier 1984 —

Adapted with permission from Mangano.’
1 Supportive for exercise tolerance.
1 Supportive for quantitation of scintigraphy.

Ambulatory (Holter) Electrocardiography

During normal daily activities, ST-segment changes
in patients with coronary artery disease typically are
asymptomatic (silent) and appear to be unrelated to
increases in heart rate. Ambulatory ST-segment changes
also may be associated with abnormalities in myocardial
perfusion and future cardiac events. In surgical pa-
tients, preoperative Holter electrocardiography has re-
vealed ST-segment changes in 18-40% of patients with
or at risk for coronary disease, with most (>75%) events
being clinically silent.' For example, Raby et al.’ found
that 38% (12 of 32) of patients with preoperative ST-
segment changes had postoperative cardiac events ver-
sus only 1% (1 of 144) in patients without such
changes. Similarly, Mangano et al.'’ found that pre-
operative ST-segment change was a univariate predictor
of outcome in 474 men with or at risk for coronary
artery disease. Results of multivariable analysis differed,
suggesting that preoperative Holter electrocardiogra-
phy may not be sufficiently sensitive to define a low-
risk subgroup. Studies to date therefore indicate that
Holter electrocardiography may be prognostic of out-
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come in certain subsets of patients with or at risk for
coronary artery disease, but its role, especially relative
to that of other diagnostic tests, remains to be estab-
lished.

The Current Study

In this issue of ANESTHESIOLOGY, Fleisher et al.'' ex-
amine the relative merits of dipyridamole thallium
scintigraphy and ambulatory Holter electrocardiog-
raphy for preoperative assessment of perioperative
risk in 180 patients undergoing vascular and non-
vascular surgery. This study has a number of
strengths, including comparative technology assess-
ment and in-hospital and long-term outcome assess-
ment. As with most of the trials assessing this tech-
nology, blinding of the scintigraphy results was dif-
ficult and not incorporated into the study design,
perhaps affecting the interpretation of findings. The
study results suggest that nonquantitative dipyrida-
mole thallium scintigraphy and ambulatory Holter
electrocardiography have near-equivalent value, both
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being marginally predictive of either in-hospital or
long-term outcome. Using likelihood ratios (LR
which are not dependent on prevalence of discase
and thus are good indicators of prognostic value)
they derived positive and negative likelihood ratios
indicating only borderline prognostic value (P
0.05) for both tests. Their reported value (LR 1.8)
is less than those of most previous investigators’ (LR
2.4=5)"" but greater than the likelihood ratios doc-
umented by Mangano et al.” (LR 1.4) and Baron ef
al.? (LK 1.0)

Also noteworthy are the results regarding positive and
negative predictive value, secondary measures used to
assess technology in this study. The finding of an 18%
positive predictive value is less than that reported by
most other studies (23-50%), most likely reflecting
differences in disease prevalence and suggesting limited
value for the test. The finding of a >90% negative pre-
dictive value, although appearing supportive of the
value of the test, is neither supportive nor surprising
Any preoperative test should have high (e.g., >90%)
negative predictive value simply because less than 10%
of patients have outcomes (7.e., >90% will not have
outcomes)

Fleisher et al.'' also report “‘strongly positive™ di-
pyridamole thallium findings that demonstrate an in-
crease in likelihood ratio (LR 3.5) for in-hospital events
and an association with long-term outcome. This
“quantitation’” of scintigraphy results (in effect delin-
eating an at-risk subset) markedly enhanced test spec-
ificity (improving it from 65% to 89%). Consistent with
Eagle et al.® and others,” these findings indicate that
subset identification and/or quantification of testing
may improve predictive accuracy. The long-term pre-
dictive accuracy demonstrated for dipyridamole thal-
lium scintigraphy is consistent with nonsurgical studies
and most likely reflects the long-term impact of the
chronic disease state and not necessarily the effects of
surgery, which may be transient. Finally, results of this
study by Fleisher et al.'' emphasize that no preopera-
tive test is “‘perfect,” for, even in combination, the
stresses imposed by redistribution or ambulation do
not completely reflect the broad spectrum of physio-
logic changes encountered by the surgical patient, in-
cluding hypercoagulation and persistent tachycardia,
neither of which are induced by dipyridamole or am-
bulation. Thus, this study adds to our cumulative ex-
perience, emphasizing the challenges of risk strategy
development.
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Conclusions

In conclusion, preoperative assessment is the cor-
nerstone of perioperative management of the high-risk
patient undergoing surgery Multiple tests exist and
evolve as our understanding of the etiologies of adverse
outcome changes. Because no single test can encompass
the array of historical and preoperative clinical markers
or the myriad pathophysiologic changes occurring
during the prolonged perioperative period, we must
attempt to devise paradigms that will permit us to cf-
fectively identify subsets of patients who will benefit
from such testing, as well as the specific type of test(s)
that are most meaningful for each subset. Perhaps
equally important is defining subsets of patients in
whom testing is not effective. Large-scale trials assessing
testing technologies are essential to determine their
true prognostic value and, in the present (and likely
future) cost-containment economy, to ensure their cost-
effectiveness

Dennis T. Mangano, Ph.D., M.D.
Professor and Vice-Chairman
Department of Anesthesia

University of California, San Francisco
Director, McSPI Research Group

San Francisco, California 94121
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