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When cardiac stress testing is ordered prior to noncardiac
surgery, the optimal test modality is unknown. Therefore,
we conducted this study to compare the diagnostic
accuracy of dobutamine stress echocardiography (DSE)
and single-photon emission computed tomography
(SPECT) in a representative sample of patients undergoing
noncardiac surgery without an existing diagnosis of
coronary artery disease (CAD). The predicted accuracy

of DSE was greater than that of SPECT in around 60.5%
of cases above the current guideline-recommended risk

ardiac complications account for at least one-third
of perioperative deaths, and lead to substantial
morbidity and cost.™ Current guidelines recom-
mend that patients undergo assessment of cardiac
risk and functional status prior to noncardiac surgery.® Preoper-
ative cardiac stress testing is recommended for patients whose
predicted cardiac risk exceeds 1%, whose functional status is
limited, and for whom testing may change management.®
However, patients are not specifically selected according to
risk of coronary artery disease (CAD) in current guidelines. The
pretest probability of CAD may vary widely in this patient pop-
ulation, and the resultant accuracy of cardiac stress testing in
making the diagnosis of CAD may vary as well.> Meanwhile,
CAD is a clear risk factor for perioperative cardiac events.®®
Because the pretest probability of CAD is heterogeneous,
the optimal modality of cardiac stress testing in this population
is unclear. False-positive results would likely lead to inflated es-
timates of operative risk, expensive and high-risk downstream
testing, and potentially cancellation of otherwise beneficial sur-
geries. Meanwhile, false-negative results would lead to overly
optimistic estimates of surgical risk and potentially to surgical
intervention at higher levels of risk than would be desirable.
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threshold. In this population, DSE is likely to be more
accurate than SPECT in the diagnosis of obstructive CAD.
To the extent that making a diagnosis of obstructive

CAD changes the decision to pursue noncardiac surgery,
DSE likely represents a more efficient testing modality.
However, in the range of pretest probabilities among this
population, positive results from either test are more likely
to represent false positives than true positives. Journal of
Hospital Medicine 2018;13:783-786. Published online first
April 29, 2018. © 2018 Society of Hospital Medicine

Current guidelines leave the selection of either dobutamine
stress echocardiography (DSE) or pharmacological stress myo-
cardial perfusion imaging to the clinician.® To inform decisions
regarding the selection of cardiac stress testing modality prior
to noncardiac surgery, we conducted this study to estimate the
diagnostic accuracy of DSE and single-photon emission com-
puted tomography (SPECT) among this patient population.

METHODS

Surgical Cohort

The American College of Surgeons’ National Surgical Quality
Improvement Program (NSQIP) samples patients undergoing
surgery at participating hospitals and collects standardized
clinical data on preoperative risk factors and postoperative
complications.” We acquired public use data from the 2009
NSQIP cohort, which included more than 336,000 surgical cas-
es from 237 hospitals (principally in the United States). We ex-
cluded from our analysis patients undergoing cardiac surgery,
patients with a prior diagnosis of CAD, and patients undergo-
ing experimental surgeries. This left a sample of 300,462 for
analysis.

Prediction of Dyslipidemia

The model we used to predict the presence of obstructive
CAD required the presence or absence of dyslipidemia. A
number of variables are common to both NSQIP and the Na-
tional Health and Nutrition Examination Survey (NHANES),
including age, weight, sex, tobacco use, diabetes, and prior
stroke.”® Using those common variables, we developed a logis-
tic regression to predict a diagnosis of dyslipidemia, applied
that regression to the NSQIP cohort, and dichotomized. To
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TABLE. Characteristics of Dobutamine Stress Echocardiography and Single-Photon Emission Computed Tomography,

with Reduced Workup Bias.

Test Mean Sensitivity Standard Deviation
DSE 0.66 0.032°
SPECT, men 0.79 0.051
SPECT, women 0.69 0.071

*Estimated using a bootstrapping approach
5We included only studies without referral bias from this meta-analysis.
“We used the Begg and Greenes method estimates for technetium SPECT.

Mean Specificity Standard Deviation Reference
0.90 0.017° 16°
0.43 0.045 17¢
0.62 0.020 17¢

Abbreviations: DSE, dobutamine stress echocardiography; SPECT, single-photon emission computed tomography.

assess the potential impact of misclassification, we performed
separate sensitivity analyses in which either no patients or all
patients had dyslipidemia.

Prediction of Obstructive CAD

To estimate the probability of obstructive CAD, we applied
the risk prediction tool currently recommended by the Euro-
pean Society of Cardiology." The clinical version of this tool
relies on age; sex; diagnoses of diabetes, hypertension, and
dyslipidemia; active tobacco use; and chest pain characteris-
tics to predict the probability of obstructive CAD on coronary
angiography. We assumed that all patients in our cohort had
nonspecific chest pain, the referent in the calculator.

Prediction of Perioperative Event Risk

To predict the probability of a perioperative cardiac event, we
used the Myocardial Infarction or Cardiac Arrest (MICA) calcu-
lator, which was derived from an earlier cohort of NSQIP."2 All
variables required for this prediction tool were included in the
2009 NSQIP cohort; our categorization of surgeries is included
as an online appendix. MICA is one of three prediction tools
included in the current American College of Cardiology/Amer-
ican Heart Association (ACC/AHA) guidelines.®

Prediction of Test Accuracy

We searched the MEDLINE database for estimates of the test
characteristics of DSE and SPECT that adjusted for workup
bias.” (Also known as sequential-ordering bias, here we re-
fer to the phenomenon whereby further workup is based on
the results of diagnostic testing, resulting in underdiagnosis
among patients with negative tests and falsely high estimates
of sensitivity.") Although other modalities of myocardial perfu-
sion imaging exist, SPECT appears to be the most widely avail-
able, utilized, and studied modality of MP1."> Our search strat-
egy paired (“Sensitivity and Specificity” [MeSH Terms] AND
“Coronary Disease/diagnostic imaging” [MAJR] AND “bias”
[TIAB]) with (“Tomography, Emission-Computed, Single-Pho-
ton” [MAJR] OR “Echocardiography, Stress” [MAJR]). We re-
viewed the results for sensitivity and specificity estimates that
corrected for workup bias. For each of SPECT and DSE, we
drew the sensitivity and specificity from normal distributions
based on literature estimates (see Table). We then calculated
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the expected accuracy of each modality for each patient in our
dataset. All analyses were performed in Stata (version 14, Col-
lege Station, Texas).

RESULTS

The median predicted probability of obstructive CAD was
5.1% (IQR: 1.8%-13.9%). Among patients with a predicted risk
of a perioperative event of 1% or greater, the median prob-
ability of obstructive CAD was 18.1% (IQR: 9.6%-32.3%). The
correlation between the predicted probabilities of CAD and a
perioperative event was low (0.32), but highly statistically sig-
nificant (P < .001).

Both accuracy and PPV were higher for DSE than for SPECT.
The predicted accuracy of DSE was greater than that of SPECT
in 73.5% of cases overall and in 60.5% of cases with a predict-
ed operative cardiac risk greater than 1%. The mean PPV of
DSE was 32.9% (median: 26.7%), while the equivalent PPVs for
SPECT were 14.1% and 8.2%, respectively. Among cases with
a predicted operative cardiac risk greater than 1%, the mean
PPV of DSE was 57.5% (median: 60.2%), while the equivalent
PPVs for SPECT were 29.8% and 26.7%, respectively.

DSE had a mean predicted accuracy of 93.0% (median:
96.2%), while SPECT had a mean accuracy of 92.6% (median:
95.6%). The predicted accuracies of DSE and SPECT are shown
in the Figure, stratified by predicted perioperative risk across
the 1% risk threshold currently used by ACC/AHA guidelines.

In our sensitivity analyses, dyslipidemia had little effect on
the comparative accuracy. If no patients had dyslipidemia, DSE
would have a higher accuracy than SPECT in 75.7% of cases. If
all patients had dyslipidemia, DSE would have a higher pre-
dicted accuracy than SPECT in 72.8% of cases. For patients
with an operative cardiac risk greater than 1%, the predicted
accuracies were 65.0% and 59.4%, respectively.

DISCUSSION

In this study, we demonstrated that the expected accura-
cy of DSE in the diagnosis of obstructive CAD among pa-
tients undergoing noncardiac surgery is higher than that
of SPECT. This finding was true in both unselected pa-
tients and those selected by a perioperative risk of great-
er than 1%. The use of SPECT, compared with DSE, would
likely result in greater numbers of false-positive tests
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FIG. Modified box plot (outliers not shown) of predicted probability of ob-
structive CAD, above and below a 1% risk of a perioperative cardiac event. The
accuracy of DSE is higher than the accuracy of SPECT for both groups (P < .001
by Spearman).

Abbreviations: CAD, coronary artery disease; DSE, dobutamine stress echocardiography;
SPECT, single-photon emission computed tomography.

in this patient population and less accurate results overall.

Cardiac stress testing, as with any diagnostic test, is most
useful at intermediate probabilities. Insofar as stress testing of-
fers diagnostic value, our analysis suggests that, in the range of
the predicted risk of CAD found in patients undergoing non-
cardiac surgery, DSE is a more efficient testing strategy. To the
extent that making a diagnosis of CAD informs the decision to
proceed to surgery, a more accurate test would be preferable.
The lower cost of DSE, the lack of ionizing radiation, and the
information provided by echocardiography regarding diagno-
ses other than CAD, if considered, would further amplify that
preference.

However, it is important to note that both modalities have
limited positive predictive value. In the median patient who
meets the currently recommended 1% perioperative event risk
threshold, SPECT would lead to 2.74 false positive results for
every true positive result. DSE would produce approximately
two false positive results for every three true positive results.
If lower rates of false-positive testing are desired, different pa-
tient selection criteria are required.

A few key limitations of this work warrant discussion. First,
our results likely overestimate the probability of obstructive
CAD in this population. We assumed that all patients have
nonspecific chest pain at the time of the preoperative evalu-
ation, though many patients do not, in fact, have chest pain.
Tools to estimate the pretest probability of CAD (such as the
ESC tool that we used or the older Diamond-Forrester pre-
diction) are intended to stratify higher-risk patients than are
seen in a preoperative setting. If asymptomatic patients seen
in preoperative risk assessment clinics have lower risk of CAD
than what we have predicted, we will have understated the
case for DSE. Moreover, cases sampled from hospitals partici-
pating in NSQIP are not representative of the national surgical
population. This likely further inflates our estimates of CAD
risk compared with the “true” surgical population. Finally, we
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cannot comment on current practice from these data. Current
guidelines recommend preoperative cardiac stress testing for
patients whose risk of a perioperative cardiac event exceeds
1%, whose functional status is poor or unknown, and only if
said testing will change management.® Using these data, we
cannot determine the pretest probability of patients referred
for stress testing before noncardiac surgery.

Still, this analysis suggests that, among patients undergoing
noncardiac surgery, selecting patients according to the risk of
perioperative events would result in a population at an overall
comparatively low risk of CAD, and that in this population, DSE
would be more accurate than SPECT for making the diagnosis
of CAD. If a diagnosis of CAD would change the decision to
proceed to surgery, DSE is likely to be a more efficient test
than SPECT.
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