(2) 07 ‘6107 ‘Tevano| 13edf Ueruesy

62

Diagnostic MPI to Detect Anatomical Location of CAD Compared With Invasive Coronary Angiography Eskandari et al

Original Article

Diagnostic Myocardial Perfusion Imaging to Detect the Anatomical
Location of Coronary Artery Disease Compared With
Invasive Coronary Angiography

Ramin Eskandari', MD; Khatereh Azarpira®, MD; Borzou Rashidi®, MD;
Sepideh Emami’, MD; Maryam Mehrpouya®, MD;
Kamal Khademvatani®>’, MD; Yousef Rezaei®, MD

ABSTRACT

Background: Although invasive coronary angiography (CAG) is the gold standard for the diagnosis of
coronary artery disease (CAD), myocardial perfusion imaging (MPI) is also used in suspected
cases. In this study, we sought to determine the diagnostic value of MPI in the anatomical
localization of CAD.

Methods: In a retrospective study, all patients with an intermediate to high probability of CAD who
had positive single-photon emission computed tomography MPI and subsequently underwent
CAG between January 2016 and January 2017 were evaluated.

Results: A total of 210 patients at a mean age of 60.2+10.6 years underwent MPI and CAG. Abnormal
anterior segments in MPI had a positive predictive value (PPV) of 68.1% to detect a diseased
left anterior descending artery (LAD), and the negative predictive value (NPV) of similar
segments for a concomitant LAD and right coronary artery (RCA) involvement was the highest
(90.4%). Abnormal inferior segments in MPI had PPVs of 65.1% and 47% for the LAD and the
RCA, respectively. The NPV was 81.8% for a concomitant LAD and RCA involvement and it
was greater than either of each alone. Among the patients with abnormal posterior segments, the
RCA and the left circumflex artery (LCX) had a PPV of 66.7%, which was greater than that of a
concomitant RCA and LCX involvement. The NPV for either RAC or LCX alone or both
arteries together was similar.

Conclusions: MPI provides a relatively good diagnostic accuracy to detect abnormal segments
matched to the involved coronary arteries in CAG. However, diagnostic accuracy was more

pronounced in matching single-vessel CAD compared with double-vessel CAD. (Iranian Heart
Journal 2019; 20(2): 62-68)
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therosclerosis is a multifactorial disease
A attributed to some conventional risk

factors,’® and it leads to the
development of coronary artery disease (CAD).
The exact prevalence of CAD as the
manifestation of atherosclerosis is unknown,
particularly in an asymptomatic population.®
With the implementation of noninvasive
imaging modalities such as echocardiography,
computed tomography coronary angiography,
myocardial perfusion imaging (MPI), positron
emission tomography, and cardiovascular
magnetic resonance imaging, there have been
higher numbers of CAD cases among patients
with suspected ischemic heart diseases.”
Although invasive coronary angiography
(CAQG) is the gold standard for the diagnosis of
CAD, the application of imaging modalities in
patients with  suspected acute coronary
syndrome (ACS) with an inconclusive
electrocardiogram and cardiac biomarkers is
recommended by the guidelines.” Of those
imaging modalities, MPI is a widely-used and
cost-effective tool which is of great diagnostic
value for the evaluation of patients with known
or suspected CAD,® or even for the left
ventricular  function.® Despite its good
diagnostic accuracy in different studies,”® the
sensitivity and specificity of MPI can be varied,
which may be attributable to the study
population. In the present study, we sought to
evaluate the diagnostic value of MPI in the
localization of CAD among patients with
suspected CAD who had positive MPI findings
and subsequently underwent invasive CAG.

METHODS

Study Protocol

In a retrospective study, all patients who had an
intermediate to high probability for CAD
underwent single-photon emission computed
tomography (SPECT) MPI and subsequently
underwent CAG between January 2016 and
January 2017 were evaluated. The inclusion
criteria included patients older than 18 years old
with stable angina and positive MPI for the
diagnosis of CAD who subsequently underwent
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invasive CAG. Patients with a prior myocardial
infarction, a recent or recurrent ACS, valvular
heart diseases, and heart failure were excluded
from the study. Our local ethics committee at
Iran University of Medical Sciences approved
the study protocol.

Diagnostic Modalities

In all the patients, nuclear scaning was
performed using the rest-stress protocol SPECT
MPI (with technetium-99m sestamibi) along
with the symptom-limited exercise test or the
pharmacological stress test. Data were obtained
using a Philips Forte SPECT camera (Philips
Healthcare, the Netherlands), followed by
making reconstructions presenting in a polar
map format based on segmental territories.

All patients with a positive MPI underwent
invasive CAG to identify the probable lesions
in the coronary arteries. All CAG procedures
were undertaken based on the Judgkin
technique and were analyzed without
knowledge of MPI results. A significant CAD
was defined as at least 1 coronary artery with
>50% stenosis. For each artery, the most severe
stenosis was identified.

Anatomical Territories
The result of SPECT MPI was categorized into
3 segments as follows:

1) anterior and anteroseptal
2) inferior
3) posterior

And the result of invasive CAG was matched

for each of the mentioned segments as follows:
1) left anterior descending artery (LAD), right
coronary artery (RCA), alone and both together

2) LAD, RCA, alone and both together

3) RCA, left circumflex artery (LCX), alone and
both together

Statistical Analysis

All the data were presented as mean + SD or
numbers  (percentages). The  diagnostic
performance of MPI was also compared with
that of CAG so as to identify patients with
significant CAD in defined anatomical
territories and its relevant coronary artery
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branch. All the analyses were performed using
the SPSS statistical software for Windows,
version 18.0 (Chicago, IL, SPSS Inc). Two-
sided P values were calculated.

RESULTS

A total of 210 patients with abnormal MPI who
subsequently underwent CAG were analyzed.
The patients’ mean age was 60.2+10.6 years,
and 124 patients (59%) were male. Other
medical histories are summarized in Table 1.
Fifty-four (25.7%) patients had normal
coronary  arteries  without  significant
involvement of the arteries. The number of
patients with triple-vessel, double-vessel, and
single-vessel CAD was 54 (25.7%), 50
(23.8%), and 46 (21.9%), respectively. The
LAD was involved the most (64.3%). The
concomitant involvement of the LAD and the
RCA was more frequent than other double-
vessel CADs. The significant involvement of
the left main CAD was detected in 6 (2.9%)
patients.

The patients with the involvement of the
anterior and anteroseptal walls of the heart in
MPI had a positive predictive value (PPV) of
68.1% to detect a diseased LAD. The PPV of
the RCA or a concomitant LAD and RCA
involvement was less than that of the LAD
alone. In addition, the negative predictive value
(NPV) of MPI with involved anterior and
anteroseptal segments was the highest (90.4%)
in the patients with a concomitant significant
LAD and RCA involvement (Table 2). The
patients with abnormal inferior segments in
MPI had PPVs of 65.1% and 47% for diseased
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LAD and RCA in CAG, respectively. However,
the NPV was 81.8% for a concomitant LAD
and RCA involvement, and it was greater than
that of the LAD or RCA alone (Table 3).
Among the patients with posterior wall
abnormalities in MPI, the RCA and the LCX
had a similar PPV (66.7%), and it was greater
than that of a concomitant RCA and LCX
involvement. On the other hand, the NPV for
either RAC or LCX alone or both arteries
together was similar (Table 3).

Table 1. Patients’ characteristics and overall findings in

the imaging evaluation
Variable Value

Total patients 210
Age (y) 60.2 +10.6
Male gender 124 (59%)

Hypertension

Diabetes mellitus
Dyslipidemia

Current smoking

Familial history of CAD
Prior myocardial infarction
Diseased vessel in CAG

120 (57.1%)
119 (56.7%)
93 (44.3%)
65 (31%)
97 (46.2%)
70 (33.3%)

Normal 54 (25.7%)
1VD 46 (21.9)
2VD 50 (23.8%)
3VD 54 (25.7%)
CAG findings
LAD 135 (64.3%)
RCA 93 (44.3%)
LCX 83 (39.5%)
LM 8 (3.8%)
LAD and LCX 21 (10%)
LAD and RCA 25 (11.9%)
LCX and RCA 4 (1.9%)
LM and RCA 6 (2.9%)

LAD, LCX, and RCA 54 (25.7%)
Values are presented as mean + SD or number (%).
CAD, Coronary artery disease; CAG, Coronary
angiography; VD, Vessel disease; LAD, Left anterior
descending artery; RCA, Right coronary artery; LCX, Left
circumflex artery; LM, Left main coronary artery

Table 2. Diagnostic performance of MPI to detect coronary arteries perfusing the anterior and anteroseptal walls of the heart
MPI for the Anterior and

Anteroseptal Walls Sensitivity | Specificity PPV NPV  Pvalue
Positive Negative
LAD Positive 9 56 58.5% 50.7% | 68.1% | 59.6% | 0.200
Negative 37 38
Positive 63 30
0, 0, 0, 0,
RCA Negative 53 64 67.7% 54.7% 54.3% 68.1% 0.001
Positive 16 9 o o o o
LAD and RCA Negative 100 85 64% 45.9% 13.8% 90.4% 0.348

MPI, Myocardial perfusion imaging; CAG, Coronary angiography; PPV, Positive predictive value; NPV, Negative predictive
value; LAD, Left anterior descending artery; RCA, Right coronary artery
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Table 3. Diagnostic performance of MPI to detect coronary arteries perfusing the inferior wall of the heart
MPI for the Inferior
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Wall Sensitivity ~ Specificity PPV
Positive Negative
LAD ,\nggg(/‘z 15088 i; 80% 22.6% | 65.1% | 38.6% | 0.649
RCA ﬁ;’gs:ixz ;g ;g 83.9% 24.8% 47% | 65.9% | 0.126
LAD and RCA ,\ngg{:@ 11479 386 68% 19.4% | 10.2% | 81.8% | 0.148

MPI, Myocardial perfusion imaging; CAG, Coronary angiography; PPV, Positive predictive value; NPV, Negative predictive
value; LAD, Left anterior descending artery; RCA, Right coronary artery

Table 4. Diagnostic performance of MPI to detect coronary arteries perfusing the posterior wall of the heart

CAG

MPI for the Posterior
Wall Sensitivity ~ Specificity PPV

Positive | Negative e veEl
Positive 2 91
0, 0, 0 0
RCA Negative 0 16 2.1% 56% 66.7% | 99.1% | 0.432
Positive 2 81 . . ) .
LCX T : o 2.4% 60.9% | 66.7% | 99.2% | 0.333
RCAand LCX |—-ositive 2 2 50% 98.5% 40% | 99% | 0.643
Negative 3 203

MPI, Myocardial perfusion imaging; CAG, Coronary angiography; PPV, Positive predictive value; NPV, Negative predictive

value; RCA, Right coronary artery; LCX, Left circumflex artery

DISCUSSION

Although CAG is the gold standard for the
evaluation of CAD, noninvasive modalities
have been used first for the selection of proper
patients who need to undergo such an invasive
procedure. The wuse of MPI has been
dramatically increased in European countries.
Based on a meta-analysis, MPI has been
associated with an average sensitivity of 87%
and a specificity of 73% for the detection of
CAD diagnosed by angiography; however,
there has been a post-test referral bias leading
to a decrease in the specificity of MP1.'* On the
other hand, a previous study showed that
without post-test referral bias, MPI had less
sensitivity and slightly higher specificity.*? Due
to study designs and population sizes, the
amounts of sensitivity and specificity have been
varied among studies. The main factors
influencing the different diagnostic values
include referral bias, the intensity of the
exercise test, the wuse of anti-anginal
medications before the test, the absence of

clinical information upon interpreting scan,
tracer activity below the diaphragm, some
technical issues related to MPI, image
quantification, and concomitant
electrocardiogram-gating.* The retrospective
nature of our study precluded a distinction
between low- and high-risk probabilities of
CAD among patients referred for MPI; we,
therefore, used only positive MPI reports to
detect the anatomical significance of MPI
compared with that of invasive CAG.

The diagnosis of CAD by noninvasive imaging
such as MPI and stress echocardiography is
based on the assessment of myocardial
territories perfused by distinct coronary arteries
and the physiological significance of CAD, not
the anatomical extent of CAD.™* However,
multi-slice computed tomography angiography
(CTA) is another noninvasive imaging method
which has been used for the evaluation of
atherosclerosis and subsequent CAD similar to
invasive CAG. Stein et al** found a strong NPV
for CTA capable of excluding significant CAD
and, thus, concluded that CTA findings should
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be also strengthened by concomitant use of
pretest clinical probability assessments. In a
large study comparing CTA and SPECT MPI,
with the increasing severity of stenosis detected
by CTA, there was an increase in abnormal
MPI tests, suggesting that normal coronary
arteries on CTA had a high PPV for a normal
MPI."

Schwartz et al™ matched anatomically invasive
CAG to SPECT MPI in order to evaluate the
diagnostic value of SPECT MPI for the
detection of CAD in the distribution of first-
order branches. They demonstrated that SPECT
MPI had intermediated sensitivity, specificity,
and accuracy to detect CAD in the distribution
of  first-order  coronary arteries  (all
values=67%). In addition, this sensitivity of
MPI was higher in patients without a prior
history of coronary artery bypass surgery. In
our study, an abnormal MPI at the anterior and
anteroseptal territories had a PPV of 68.1% to
detect CAD in the LAD and it was higher than
that value for the RCA; nonetheless, the RCA
had more sensitivity and both LAD and RCA
together had the least accuracy. An abnormal
MPI in the inferior segment had a PPV of
65.1% to detect a diseased LAD and it was
found to have a sensitivity of 83.9% to detect
the involved RCA. For the abnormal SPECT
MPI at the posterior wall, the RCA and LCX
had similar PPVs (66.7%), but it had the
highest sensitivity for diseased RCA and LCX
together (50%). In summary, all MPI segments
as defined in our study had the highest PPV for
the detection of single-vessel CAD. In addition,
the NPV was highest for double-vessel CAD at
each segment for the anterior and inferior
segments. However, in the patients with
posterior wall abnormalities in MPI, the NPV
was similar for single and double-vessel CAD.
We think that the latter finding may be
explained by very small cases with an abnormal
MPI in the posterior wall compared with the
other 2 segments. Further large-scale studies are
warranted to explore the exact diagnostic
accuracy of MPI

|16
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Study Limitations

This study has some limitations that need to be
taken into account in the interpretation of the
results. Firstly, our sample size is relatively
small and our test accuracies may not be
generalizable to other populations. Secondly, if
only patients with abnormal MPS undergo
angiography, then the observed sensitivity and
specificity will be 100% and 0%, respectively.
Accordingly, we have not been able to use the
findings of the current study for the overall
diagnostic accuracy of MPI compared with
invasive CAG, as the old standard method.
Thirdly, due to the small sample size and the
nature of MPI reports in our department, we
categorized our population into the anatomical
territories mentioned in the methods. All MPI
segments and matched coronary arteries can be
presented in another way for more precision;
however, this classification was based on our
saved MPI reports and cannot be changed in
another categorization. Further studies are
required to find the precise diagnostic
performance of SPECT MPI in the detection of
matched anatomical CAD diagnosed by
invasive CAG.

CONCLUSIONS

SPECT MPI provides relatively good
diagnostic accuracy to detect abnormal
segments matched to the significant
involvement of coronary arteries in CAG. The
diagnostic values were more pronounced in
matching single-vessel CAD compared with
double-vessel CAD.
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