MAYO
CLINIC

N4

Utllity of Noninvasive Testing Before Invasive
Coronary Angiography in the Assessment for
Revascularization

ORIGINAL ARTICLE

MAYO CLINIC PROCEEDINGS:
INNOVATIONS, QUALITY & OUTCOMES

Simon Parlow, MD; Richard G. Jung, MD, PhD; Pietro Di Santo, MD;
Joanne Joseph, MD; Stephanie Skanes, MD; Omar Abdel-Razek, MD;
Graeme Prospeni-Porta, MSc, MD; Pouya Motazedian, MD;

Michael Froeschl, MSc, MD; Marino Labinaz, MD; Rebecca Mathew, MD;
F. Daniel Ramirez, MSc, MD; Trevor Simard, MD, PhD;

and Benjamin Hibbert, MD, PhD

Abstract

Objective: To examine the role of noninvasive testing (NIT) before invasive coronary angiography (ICA)
by evaluating the association between a positive myocardial perfusion imaging (MPI) or computed to-
mography angiography (CTA) result and the decision to perform coronary revascularization.

Patients and Methods: We screened all patients who received ICA between August 1, 2015, and July 31,
2019, and identified those who received MPI or CTA within the preceding 12 months. We considered MPI
to be a positive result if it found moderate or severe ischemia in a specific coronary territory and CTA to be
a positive result if it identified a stenosis greater than 50% in any major coronary artery.

Results: Of the 17,181 individual procedures, 2183 were included. Positive CTA had an odds ratio (OR)
of 2.68 (95% CI, 1.82-3.94) for revascularization and positive MPI an OR of 1.29 (95% CI, 1.07-1.56).
Overall sensitivity for CTA in the prediction of revascularization was 80.4% (95% CI, 75.7%-84.6%), with
vessel-level sensitivity ranging from 57.3% (95% CI, 47.5%-66.7%) to 71.8% (95% CI, 65.8%-77.4%).
Overall sensitivity of MPI was 48.2% (95% CI, 44.7%-51.7%), with territory-specific sensitivity ranging
from 33.7% (95% CI, 29.9%-37.7%) to 36.5% (95% ClI, 32.6%-40.6%). Overall specificity for CTA was
low, at 39.5% (32.9%-46.3%), but higher when evaluating at the vessel level, ranging from 60.3% (95%
CI, 54.5%-66.0%) to 83.5% (95% ClI, 79.6%-86.9%). Overall specificity for MPI was 58.1% (95% CI,
54.9%-61.3%), with territory-specific specificity ranging from 78.6% (95% CI, 76.1%-80.9%) to 78.9%
95% CI, 76.5%-81.3%).

Conclusion: In this population of patients referred for ICA, positive CTA was more closely associated with
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revascularization than MPL. Further studies are necessary to determine the role of NIT before ICA.
espite ongoing improvements in
diagnostic and treatment modalities,

D coronary artery disease (CAD) is a

major cause of death in the United States.'
Invasive coronary angiography (ICA) is the
gold standard diagnostic test for CAD,
enabling anatomic and physiologic evaluation
with fractional flow reserve and other hemo-
dynamic techniques,” as well as intervention
on stenotic lesions. Guidelines encourage the
use of noninvasive testing (NIT) before ICA

in certain patient populations to identify
high-risk patients who may benefit from revas-
cularization and avoid unnecessary invasive
procedures in those who will not.”” Despite
this, the influence of NIT on the decision of
whether to proceed to ICA and revascularize
specific epicardial arteries remains unclear in
contemporary practice.

Two of the most commonly used NIT
methods include computed tomography angiog-
raphy (CTA) and myocardial perfusion imaging
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(MPD); the latter of which is performed using
either single-photon emission computed tomog-
raphy or positron emission tomography. CTA al-
lows both visualization of coronary artery
anatomy and the evaluation of arterial stenosis
and calcification and is thought to be helpful in
the exclusion of low-risk patients from unneces-
sary ICA owing to its relatively high sensitivity
and associated negative predictive value
(NPV)® ! in the prediction of significant CAD.
Moreover, MPI has been shown to have
decreased sensitivity when compared with
CTA, and its utility to identify territories in
need of revascularization remains unclear.'”"”
Ischemia-driven revascularization may improve
cardiovascular outcomes when compared with
revascularization without knowledge of myocar-
dial perfusion' "' although this benefit is not
seen in all patient populations.'” The role of
ischemia-driven revascularization is further chal-
lenged by new evidence suggesting that revascu-
larization of stable CAD does not improve long-
term outcomes when compared with medical
treatment alone despite the presence of ischemia
identified on functional NIT."® In light of this
conflicting evidence, we sought to examine the
role of NIT before ICA by determining the asso-
ciation of a positive CTA or MPI result with the
decision of whether to perform coronary
revascularization.

PATIENTS AND METHODS

The University of Ottawa Heart Institute is a
tertiary care center that serves as the primary
coronary revascularization site for a catchment
area of greater than 1.2 million people.'” We
prospectively enrolled patients undergoing
ICA with or without percutaneous coronary
intervention (PCI) at University of Ottawa
Heart Institute between August 1, 2015, and
July 31, 2019, in the CAPITAL (Cardiovascu-
lar And Percutaneous Clinical Trials) revascu-
larization  registry.”””"  We screened all
patients who received ICA during this 4-year
period to identify patients aged 18 years or
older who received CTA or MPI within the
12-month period before their ICA. We
excluded patients with a history of coronary
artery bypass grafting (CABG) occurring
before the date of the ICA. We collected data
including baseline patient demographic char-
acteristics, NIT protocol and results, coronary
anatomy and lesion severity on the basis of

ICA, the need for PCI, the number of percuta-
neous interventions performed (both at the
time of the initial ICA and thereafter in staged
fashion), whether a patient was revascularized
using CABG, and which native vessels were
bypassed by CABG. These data were derived
from a registry approved by Ottawa Health
Science Network Research Ethics Board
(OHSN-REB #20190224-01H) to evaluate
clinical outcomes after revascularization.

We defined acute coronary syndrome ac-
cording to either the third or fourth universal
definition of myocardial infarction (whichever
was standard of care at the time of the
ICA).>**> We defined diabetes mellitus (DM)
using either a hemoglobin Alc of more than or
equal to 6.5% on presentation or a previous
DM diagnosis including the presence of medical
therapy for DM. We divided tobacco use into
active smokers (active smoking or cessation of
smoking within 1 month before ICA), previous
smoker (cessation >1 month before ICA), or
nonsmokers (no history of tobacco use). We
defined a positive family history as CAD in a
first-degree relative aged younger than 55 years
for men and younger than 65 for women. We
defined dyslipidemia and hypertension as a pre-
vious diagnosis of either condition or the use of
relevant pharmacotherapy.

We considered CTA to be a positive result
if it identified a stenosis greater than 50% in a
major coronary artery. We considered MPI to
be a positive result if it found moderate or
greater ischemia in a specific coronary terri-
tory. The presence of resting perfusion defect
(scar) was not included in our analysis. We
stratified MPI territories into left anterior
descending artery (LAD) territory and non-
LAD territory (a combined territory of right
coronary artery [RCA], circumflex artery
[Cx], and the indeterminate territory between
RCA and Cx). When 2 or more ICA proced-
ures were performed for the same patient,
we considered them to be part of the same
event as long as they fulfilled the following
criteria: (1) all ICA tests were done within a
12-month period and (2) a single NIT was
used before all ICAs as the basis for the deci-
sion to proceed with ICA. We considered
them to be separate events if separate NITs
were used to guide the decision to perform
each procedure. We defined revascularization
as PCI or CABG within 12 months after ICA.
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Finally, we performed a sensitivity analysis
evaluating accuracy of CTA and MPI in pre-
dicting revascularization after excluding pa-
tients with previous PCI.

We reported data as mean £ SD, median
and interquartile range, or number and per-
centage (%) where appropriate. To compare
sets of continuous variables, we used a 2-
sided Student ¢ test and, for categorical vari-
ables, a 7” analysis. All reported P values are
2-sided, and we considered a value less than
.05 to be statistically significant. We also
described and compared the accuracy of each
imaging modality to predict revascularization
using sensitivity, specificity, positive predictive
value (PPV), and NPV, as well as odds ratio
(OR), all with 95% Cls.

RESULTS

Figure 1 displays patient identification and in-
clusion. Over the 4-year period between August
1, 2015, and July 31, 2019, there were 17,181
individual procedures in the registry. From
this, we identified 2823 separate ICA proced-
ures in patients who had undergone CTA or
MPI for the evaluation of CAD before the ICA.
After removing duplicate procedures, as well
as those who did not receive CTA or MPI within
the 12-month period before the ICA and those
with a history of CABG, we included 2183 pro-
cedures for analysis, encompassing 2162
unique patients. Patient characteristics are sum-
marized in Table 1. Most patients were male
(70.5%), and most had a history of hyperten-
sion and dyslipidemia (68.3% and 71.2%,
respectively). The median age was 65.5+£10.4
years. In this cohort, patients who received
CTA were younger and less likely to have a his-
tory of hypertension, dyslipidemia, type II dia-
betes, previous MI, previous PCI, peripheral

(30.2%) in the RCA, and 134 (24.8%) in the
Cx. Of the MPI tests, 1068 (61.2%) were
single-photon emission computed tomogra-
phy. The most commonly used stress agent
was dipyridamole (82.7%). Of the 1746 pa-
tients who underwent MPI, 783 (44.8%) found
positive results for ischemia, with 442 (25.3%)
in the LAD territory and 462 (26.5%) in the
non-LAD territory.

Figure 2 and Table 2 summarize the ability
of CTA and MPI to predict lesion revasculari-
zation. Of the 391 patients with positive-result
CTA, 259 (66.2%) were revascularized, and of
the 149 patients with negative-result CTA, 63
(42.3%) were revascularized (OR for revascu-
larization, 2.68; 95% CI, 1.82-3.94). Signifi-
cant stenosis of the LAD by CTA had an OR
of 3.88 (95% CI, 2.70-5.58) for revasculariza-
tion; for the RCA, an OR of 10.85 (95% CI,
6.96-16.93); and for the Cx, an OR of 6.78
(95% CI, 4.30-10.69).

Of the 783 patients with positive-result
MPI, 396 were revascularized (50.6%). Of
the 963 patients with a negative-result MPI,
426 (44.2%) were revascularized (OR, 1.29;
95% CI, 1.07-1.56). For the LAD territory,
positive-result MPI had an OR of 1.90 (95%
CI, 1.52-2.37) for revascularization of the
LAD and, for the non-LAD territory, an OR

Individual ICA procedures
identified during the period
August |,2015 to July 31,
2019

N=17,18I

v

ICA procedures associated

with prior CTA or MPI

Exclusions
N=2,823 M=
»| ® Duplicate events — N=152
e NIT was performed >12 months
Final procedures included in prior to ICA — N=158
analysis o History of prior CABG — N=330

arterial disease, and congestive heart failure.
They were more likely to have a family history
of CAD and to have stable CAD as the listed
indication for ICA.

Supplemental Tables 1 and 2 (available on-
line at http://www.mcpiqojournal.org) summa-
rize NIT data for included patients. Within the
12 months before ICA, 540 patients in our
cohort underwent CTA and 1746 underwent
MPI, with 103 undergoing both CTA and
MPI. By CTA, 391 patients (72.4%) were found
to have significant stenosis, with 293 (54.3%)

N=2,183

FIGURE 1. Flow chart of included patients. We identified 17,181 individual
ICA procedures during the 4-year study period; 2183 were included in our
final analysis. CABG, coronary artery bypass grafting; CTA, computed to-
mography angiography; ICA, invasive coronary angiography; MPIl, myocardial
perfusion imaging; NIT, noninvasive testing.

having significant stenosis in the LAD, 163
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TABLE 1. Patient Demographic Characteristics

Total cohort (n=2183); n (%) CTA (n=540); n (%) MPI (n=1746); n (%) 2

Age (mean £ SD) 65.5+104 619493 664+104 <0l
Female sex 643 (29.5) 163 (30.1) 509 (29.2) 65
Hypertension 1490 (68.3) 329 (60.9) 1235 (70.7) <0l
Dyslipidemia 1554 (71.2) 364 (67.4) 1265 (72.5) 024
Diabetes

Type | 10 (0.458) 2 (0.370) 9 (0515) 67

Type |l 707 (32.4) 128 (23.7) 608 (34.8) <0l
Smoking

Never 1317 (60.3) 331 (61.3) 1051 (60.2) 65

Previous 592 (27.1) 136 (25.2) 486 (27.8) 23

Current 274 (12.6) 73 (13.5) 209 (12.0) 34
Previous PCI 465 (21.3) 25 (4.63) 449 (25.7) <0l
Previous Ml 344 (15.8) 21 (3.89) 330 (18.9) <0l
History of CVA 113 (5.17) 22 (4.07) 94 (5.38) 23
Peripheral arterial disease 137 (6.28) 17 (3.15) 127 (7.27) <0l
Family history of CAD 346 (15.8) 118 (21.9) 249 (14.3) <0l
Atrial fibrillation 180 (8.25) 43 (7.96) 149 (8.53) 68
Congestive heart failure 140 (6.41) 20 (3.70) 124 (7.10) <0l
Indications for ICA

Stable CAD 1489 (68.2) 405 (75.0) I'163 (66.7) <0l

Acute coronary syndrome 313 (143) 54 (10.0) 264 (15.1) <0l

Staged PCl 132 (6.05) 29 (5.37) 107 (6.13) 52

Other 249 (11.4) 52 (9.63) 212 (12.1) A

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CAD, coronary artery disease; CVA, cerebrovascular accident; ICA,
invasive coronary angiography; Ml, myocardial infarction; PCl, percutaneous coronary intervention.

of 2.11 (95% CI, 1.70-2.63) for revasculariza-
tion of either the Cx or the RCA.

Overall sensitivity for CTA in the prediction
of revascularization was 80.4% (95% CI, 75.7%-
84.6%), with territory-specific  sensitivity
ranging from 57.3% (95% ClI, 47.5%-66.7%)
for the Cx to 71.8% (95% CI, 65.8%-77.4%)
for the LAD. Sensitivity was much lower for
MPI, with an overall sensitivity of 48.2% (95%
Cl, 44.7%-51.7%) and a sensitivity of 33.7%
(95% ClI, 29.9%-37.7%) for the LAD territory
and 36.5% (95% CI, 32.6%-40.6%) for the
non-LAD territory. Specificity was low overall
for CTA at 39.5% (95% CI, 32.9%-46.3%) but
higher when evaluating at the vessel level,
ranging from 60.3% (95% Cl, 54.5%-66.0%)
for the LAD to 83.5% (95% CI, 79.6%-86.9%)
for the Cx. Overall specificity for MPI was
58.1% (95% CI, 54.9%-61.3%), with a value
of 78.9% (95% CI, 76.5%-81.3%) for the LAD
territory and 78.6% (95% CI, 76.1%-80.9%)
for the non-LAD territory. The PPV and diag-
nostic accuracy was greater for CTA than MPL

NPV was similar between both modalities.
When the analysis was repeated after excluding
patients who had received PCI previously
(Supplemental Table 3, available online at
http://www.mcpiqojournal.org), similar trends
in sensitivity, specificity, PPV, NPV, and diag-
nostic accuracy were observed.

DISCUSSION
This analysis evaluated the association be-
tween a positive NIT result and revasculariza-
tion in patients undergoing ICA. Notably,
even in the context of a positive-result MPI,
only approximately 50% of patients under-
went revascularization. Further, CTA was
more accurate than MPI in the prediction of
revascularization, both overall and when
analyzing each vascular territory. Sensitivity
was fair for CTA but very low for MPI,
whereas  specificity was low for both
modalities.

Our findings complement other reports in
the literature, suggesting that CTA may have
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FIGURE 2. Diagnostic accuracy of NIT. Positive predictive value (PPV), negative predictive value (NPV),
and diagnostic accuracy of myocardial perfusion imaging (MPI) and computed tomography (CT) in the
prediction of revasculanization. CT was seen to have superior PPV and diagnostic accuracy, and similar
NPV when compared with MPI. CT, computed tomography; Cx, circumflex artery; LAD, left anterior
descending artery; MPI, myocardial perfusion imaging; RCA, right coronary artery.

better performance in the prediction of revas-
cularization. Large cohort studies comparing
CTA with MPI in the diagnosis of CAD consis-
tently demonstrate superior sensitivity with
CTA, with most showing similar specificity be-
tween the 2 modalities.'”"'”*"*” However, our
study design is unique from these cohorts in
that it is a population of patients referred for
ICA. Furthermore, we assessed accuracy in
the prediction of revascularization rather
than of obstructive CAD in general. Nonethe-
less, our findings recapitulate studies that only
evaluated anatomic correlation, suggesting
that CTA remains superior in this regard.
Our findings further question the utility of
MPI before ICA. The 2019 European Society
of Cardiology guidelines on diagnosis of
chronic coronary syndromes recommends
CTA over MPI as the preferred first-line NIT
in the workup for CAD,”® primarily owing to
its superior sensitivity and greater ability to
rule out CAD across a wide range of pretest
probabilities when compared with functional
imaging such as MPL.”" Furthermore, the role

ofischemia testing in the revascularization deci-
sion has been challenged by the recent
ISCHEMIA trial,"® which found no difference
in outcomes when revascularization was
compared with medical therapy alone in pa-
tients with stable CAD and moderate or greater
ischemia seen on functional testing. Impor-
tantly, all patients received CTA before
randomization, and those with left main coro-
nary stenosis were excluded from the tri-
al—encouraging the continued use of
anatomical assessments of coronary arteries to
rule out high-risk disease.

Overall, although diagnostic accuracy was
higher for CTA than MPIin our cohort, both mo-
dalities performed poorly overall when predict-
ing need for revascularization. The role of both
functional and anatomical imaging in contem-
porary cardiology remain poorly defined, and
there is ongoing debate on how NIT should be
used to optimize health care resource utilization
and improve care quality and patient outcomes.
For example, care pathways often capitalize on
the high specificity and NPV observed with
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