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Background. Cardiovascular disease is the most common cause of death after kidney
transplantation. Coronary artery disease (CAD) assessment is therefore mandatory in patients
evaluated for transplantation. We aimed to assess the diagnostic accuracy for CAD of single-
photon emission computed tomography (SPECT) compared to the standards invasive coronary
angiography (ICA) and coronary computed tomography angiography (CCTA) in patients
evaluated for kidney transplantation.

Methods. We performed a systematic literature search in PubMed, EMBASE, Web of
Science, OvidSP (Medline), The Cochrane Library and Google Scholar. Studies investigating
the diagnostic accuracy of myocardial perfusion imaging (MPI) SPECT in patients evaluated
for kidney transplantation were retrieved. After a risk of bias assessment using QUADAS-2, a
meta-analysis was conducted.

Results. Out of 1459 records, 13 MPI SPECT studies were included in the meta-analysis
with a total of 1245 MPI SPECT scans. There were no studies available with CCTA as refer-
ence. Pooled sensitivity of MPI SPECT for CAD was 0.66 (95% CI 0.53 to 0.77), pooled
specificity was 0.75 (95% CI 0.63 to 0.84) and the area under the curve (AUC) was 0.76. Positive
likelihood ratio was 2.50 (95% CI 1.78 to 3.51) and negative likelihood ratio was 0.41 (95% CI
0.28 to 0.61). Pooled positive predictive value was 64.9% and pooled negative predictive value
was 74.1%. Significant heterogeneity existed across the included studies.

Conclusions. MPI SPECT had a moderate diagnostic accuracy in patients evaluated for
kidney transplantation, with a high rate of false-negative findings. The use of an anatomical
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gold standard against a functional imaging test in the included studies is however suboptimal. (J
Nucl Cardiol 2021)

Key Words: End-stage renal disease Æ Myocardial perfusion imaging Æ Invasive coronary
angiography Æ Coronary artery disease Æ Diagnosis Æ Systematic review Æ Meta-analysis

Abbreviations
ICA Invasive coronary angiography

ESRD End-stage renal disease

ESLD End-stage liver disease

CCTA Coronary computed tomography

angiography

SPECT Single-photon emission computed

tomography

MPI Myocardial perfusion imaging

PET Positron emission tomography

CACS Coronary artery calcium score

PLR Positive likelihood ratio

NLR Negative likelihood ratio

DOR Diagnostic odds ratio

AUC Area under the curve

INTRODUCTION

Mortality after kidney transplantation has been

importantly reduced in the last three decades, particu-

larly in the early post-transplantation period. However,

mortality by cardiovascular disease remains an impor-

tant risk in the first three months after surgery.1 This is

not unexpected, as reports of invasive coronary angiog-

raphy (ICA) in patients with end-stage renal disease

(ESRD) evaluated for kidney transplantation document a

prevalence of coronary artery disease (CAD) between

42% and 81%.2

In ESRD patients evaluated for kidney transplanta-

tion, there is a poor correlation between clinical

presentation and significant CAD as only 44% of

dialysis-dependent patients with acute myocardial

infarction present with chest pain, compared to 68% of

patients in the general population.3 As such, the pre-

sentation of CAD is frequently asymptomatic, making it

difficult to identify patients that may benefit from

medical therapies to reduce the CAD burden.3,4 These

patients may benefit from cardiovascular screening

techniques for asymptomatic CAD by reducing the

procedural risk during a kidney transplantation.

The current gold-standard method for detecting

CAD is ICA; however, the invasive nature of this

technique makes it only appropriate to perform in the

presence of high likelihood of obstructive CAD. An

alternative technique is coronary computed tomography

angiography (CCTA), a non-invasive method used in

patients with low clinical likelihood of obstructive

CAD.2,5 Unfortunately, both methods can induce con-

trast nephropathy in ESRD patients,2,6 and CT is often

of limited value in ESRD patients due to the high

atherosclerotic burden.2

In patients with intermediate likelihood of obstruc-

tive CAD, there is considerable experience with non-

invasive myocardial perfusion imaging (MPI), using

single-photon emission computed tomography (SPECT).

For the general population, MPI SPECT is considered a

reliable diagnostic technique for the functional detection

of CAD, as it provides a qualitative and semi-quantita-

tive assessment of the myocardial perfusion defect.7,8

We aimed to assess the diagnostic accuracy of

SPECT for CAD assessment compared to ICA and

CCTA, in patients evaluated for kidney transplantation.

METHODS

This systematic review and meta-analysis was

performed according to the Preferred Reporting Items

for Systematic Reviews and Meta-Analyses of Diagnos-

tic Test Accuracy Studies (PRISMA-DTA) statement.9

The PRISMA 2009 checklist table is available as a

supplement of this article (S1 Appendix). The study

protocol is registered with PROSPERO, protocol num-

ber CRD42020188610.

Literature Search

A literature search was performed by two reviewers

(JK, FJ) using the following databases: PubMed,

EMBASE, Web of Science, OvidSP (Medline), The

Cochrane Library and Google Scholar. Detailed search

strategies, including Medical Subject Headings (MeSH)-

terms and Emtree terms, are available as a supplement

of this article (S2 Appendix). A medical information

specialist examined and verified our search strategies for

all the databases. All identified records published until

5th March 2021 were exported.

Selection of Records

Obtained records were entered into the evidence

synthesis tool CADIMA.10 After removal of duplicates

by CADIMA, the records were independently screened

on title and abstract. Randomized controlled trials and

observational studies in patients evaluated for kidney

transplantation were included if they compared MPI
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SPECT to ICA or CCTA. Papers written in a non-

English language, papers where the full text was not

available, non-human trials, studies with a small sample

size (n\ 30), conference abstracts, editorials, protocol

papers and systematic reviews were excluded. Any

inconsistencies were resolved after discussion with an

independent third reviewer (SB).

Quality Assessment

QUADAS-2, a tool developed for the systematic

review of diagnostic accuracy studies, was used to

assess risk of bias and applicability of a study.11 The

criteria of the QUADAS-2 tool were: bias due to

selection, index test, reference test, and flow and timing.

The index tests were MPI and the reference standards

were ICA or CCTA. The quality assessment was

performed independently by the two reviewers (JK and

FJ). Disagreements were resolved by discussing with a

third reviewer (SB).

All studies were rated as having a high, low or

intermediate/ uncertain risk of bias. Uncertain risk of

bias was graded in the following cases: for the domain

‘risk of bias due to patient selection’ if the studies

performed SPECT MPI and ICA only in patients at high

risk for CAD, for the domains ‘risk of bias due to index

test’ or ‘risk of bias due to reference standard’ if it was

unsure whether blinding was performed, and for the

domain ‘risk of bias due to flow and timing’ if it was

unclear how much time there was between the index test

and reference test, and if not all patients underwent both

tests.

Data Extraction

Using a structured template, study characteristics

(i.e., design and sample size), baseline population

demographics (i.e., age, sex, diabetes mellitus), used

definitions for abnormal cardiac testing, and the reported

outcomes of individual studies were extracted.

Statistical Methods

For the diagnostic studies, sensitivity and specificity

forest plots were created in RevMan, Version 5.4 (The

Cochrane Collaboration, 2020, Copenhagen, Denmark).

A bivariate analysis and receiver operating characteristic

(ROC) curve were created for the summary estimate and

the corresponding 95% CI with R software package: A

Language and Environment for Statistical Computing,

version 1.0.153 for Mac (R Foundation for Statistical

Computing, Vienna, Austria). Heterogeneity was visu-

ally checked in forest plots and the summary receiver

operating curve (SROC). An I2 higher than 50% was

considered indicative of significant study heterogene-

ity.12 Negative and positive likelihood ratios, as well as

diagnostic odds ratios (DOR), were calculated with

Open Meta-Analyst (OpenMeta [Analyst], Brown

School of Public Health, Providence, USA).

RESULTS

Studies Included

After duplicate removal, we identified 1459 studies,

published between 1990 and 2019. After screening, 13

studies were eligible for qualitative analysis, all target-

ing MPI SPECT. No studies could be included using the

reference standard CCTA (Fig. 1). Ten studies were

prospective and three were retrospective. We excluded

one study after full-text screening because of suspected

data overlap with the study of Winther et al.13

Study Characteristics

A total of 1245 MPI SPECT scans and 1258 ICAs

were performed. MPI SPECT images were labeled as

abnormal based on the presence of fixed or reversible

perfusion defects or the calculated summed stress score.

ICA results were labeled as abnormal and a CAD

diagnosis was made based on the percentage of stenosis.

Five studies used [ 50% stenosis as the cut-off, six

studies used[ 70% stenosis or more as the cut-off and

two studies used a combination of[ 50% and[ 70%

stenosis to determine CAD. The study by Wilson et al.14

used[50% for the left main coronary artery,[70% for

epicardial coronary arteries and 50% to 70% in border-

line lesions. The study by Doukky et al.15 used[ 50%

for the left main coronary artery and[70% stenosis in

any of the epicardial coronary arteries (Table 1).

Quality ASSESSMENT

The results of the QUADAS-2 tool are summarized

in Table 2.

Technical Aspect

Three different radiopharmaceuticals were used in

the studies: Technetium-99m-sestamibi, Technetium-

99m-tetrofosmin and Thallium-201. All studies per-

formed imaging on conventional Anger gamma camera

systems. MPI SPECT/CT imaging was not used, the

included studies used MPI SPECT only. The software

programs used in the included studies were not

mentioned.
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Diagnostic Accuracy

Diagnostic data were extracted from all included

studies (n = 13). Three studies performed MPI SPECT

as part of standard care, ten studies only in high-risk

patients. Sensitivity of the included studies ranged from

34% to 93% and specificities ranged from 24% to 96%

(Fig. 2).

After bivariate analysis a mean sensitivity for MPI

SPECT of 0.66 (95% CI 0.53 to 0.77), mean specificity

of 0.75 (95% CI 0.63 to 0.84) and an area under the

curve (AUC) of 0.76 (Fig. 3) was calculated. Positive

likelihood ratio (PLR) was 2.50 (95% CI 1.78 to 3.51)

and negative likelihood ratio (NLR) was 0.41 (95% CI

0.28 to 0.61) with an overall diagnostic odds ratio

(DOR) of 6.03 (95% CI 3.46 to 10.50) (Figs. 4, 5, 6).

Pooled positive predictive value was 64.9%, pooled

negative predictive value was 74.1%, and pooled CAD

prevalence was 42.4%. There was evidence of

heterogeneity present in the forest plots for sensitivity

and specificity (Figs. 2, 4, 3). We found significant

heterogeneity (I2 [ 50%) for PLR, NLR, and DOR

(Figs. 4, 5, 6).

DISCUSSION

This systematic review and meta-analysis evaluated

the ability of MPI SPECT to detect CAD in patients

evaluated for kidney transplantation. With data from 13

studies and a combined total of 1245 MPI SPECT scans,

we demonstrated that MPI SPECT had only moderate

sensitivity and specificity, ranging between 34% and

93% and 24% to 96%, respectively, for detecting

clinically relevant CAD. A high heterogeneity existed

across the included studies and there were no studies

available with CCTA as reference.

Fig. 1. Flowchart of included studies.

J. R. Kelderman et al Journal of Nuclear Cardiology�
Diagnostic accuracy of myocardial perfusion imaging



T
a
b
le

1
.
C
h
a
ra
c
te
ri
st
ic
s
o
f
st
u
d
ie
s
in
c
lu
d
e
d
in

th
e
m
e
ta
-a
n
a
ly
si
s

A
u
th

o
rs

Y
e
a
r

C
o
u
n
tr
y

S
tu

d
y

d
e
si
g
n

N
o
.
o
f

M
P
I

sc
a
n
s

N
o
.
o
f
IC

A
o
r
C
C
T
A

sc
a
n
s

M
e
a
n

a
g
e

(y
e
a
rs
)

%
m
a
le

D
e
fi
n
it
io
n

o
f

a
b
n
o
rm

a
l

M
P
I

D
e
fi
n
it
io
n
o
f

a
b
n
o
rm

a
l
st
e
n
o
si
s

o
n
IC

A
o
r
C
C
T
A

R
a
d
io
tr
a
ce

r
ty
p
e

A
tk
in
so

n

e
t
a
l.
2
6

2
0
1
1

U
K

P
4
7

4
7

n
/a

7
9
.0
%

R
e
v
e
rs
ib
le

o
r

fi
x
e
d
d
e
fe
c
t

[
5
0
%

st
e
n
o
si
s

T
e
c
h
n
e
ti
u
m
-9

9
m

te
tr
o
fo
sm

in

B
o
u
d
re
a
u

e
t
a
l.
2
7

1
9
9
0

U
S
A

P
8
0

8
0

3
8

6
4
.0
%

R
e
v
e
rs
ib
le

o
r

fi
x
e
d
d
e
fe
c
t

[
7
0
%

st
e
n
o
si
s

T
h
a
lli
u
m
-2

0
1

D
e
L
im

a

e
t
a
l.
2
8

2
0
0
3

B
ra
z
il

P
1
2
2

1
0
6

5
5

7
7
.0
%

R
e
v
e
rs
ib
le

o
r

fi
x
e
d
d
e
fe
c
t

[
7
0
%

st
e
n
o
si
s

T
e
c
h
n
e
ti
u
m
-

9
9
m
-s
e
st
a
m
ib
i

D
e
L
im

a

e
t
a
l.
2
9
*

2
0
1
0

B
ra
z
il

P
2
2
8

2
2
8

5
6

7
1
.0
%

R
e
v
e
rs
ib
le

o
r

fi
x
e
d
d
e
fe
c
t

[
7
0
%

st
e
n
o
si
s

T
e
c
h
n
e
ti
u
m
-

9
9
m
-s
e
st
a
m
ib
i

D
o
u
k
k
y

e
t
a
l.
1
5

2
0
1
8

U
S
A

R
8
9

9
0

5
5

6
1
.0
%

S
S
S
[

4
[

5
0
%

a
n
d
[

7
0
%

st
e
n
o
si
s

T
e
c
h
n
e
ti
u
m
-9

9
m

te
tr
o
fo
sm

in

E
n
k
ir
i
e
t
a
l.
3
0

2
0
1
0

U
S
A

P
5
7

5
7

5
4

5
3
.0
%

R
e
v
e
rs
ib
le

o
r

fi
x
e
d
d
e
fe
c
t

[
5
0
%

st
e
n
o
si
s

T
e
c
h
n
e
ti
u
m
-

9
9
m
-s
e
st
a
m
ib
i

G
a
rg

e
t
a
l.
3
1

2
0
0
0

In
d
ia

P
1
9

5
2

4
6

8
8
.5
%

R
e
v
e
rs
ib
le

o
r

fi
x
e
d
d
e
fe
c
t

[
5
0
%

st
e
n
o
si
s

T
h
a
lli
u
m
-2

0
1

M
a
rw

ic
k

e
t
a
l.
3
2

1
9
9
0

U
S
A

P
4
5

4
5

4
9

6
2
.0
%

R
e
v
e
rs
ib
le

o
r

fi
x
e
d
d
e
fe
c
t

[
5
0
%

st
e
n
o
si
s

T
h
a
lli
u
m
-2

0
1

V
a
n
d
e
n
b
e
rg

e
t
a
l.
3
3

1
9
9
6

U
S
A

R
4
1

4
7

3
7

n
/a

R
e
v
e
rs
ib
le

o
r

fi
x
e
d
d
e
fe
c
t

[
7
5
%

st
e
n
o
si
s

T
h
a
lli
u
m
-2

0
1

W
e
ls
h

e
t
a
l.
3
4
*
*

2
0
1
1

C
a
n
a
d
a

P
2
4
5

2
3
4

4
8

6
7
.1
%

R
e
v
e
rs
ib
le

o
r

fi
x
e
d
d
e
fe
c
t

[
7
0
%

st
e
n
o
si
s

T
e
c
h
n
e
ti
u
m
-

9
9
m
-s
e
st
a
m
ib
i

W
il
so

n

e
t
a
l.
1
4

2
0
1
9

U
S
A

R
9
4

9
4

5
3

6
0
.0
%

R
e
v
e
rs
ib
le

o
r

fi
x
e
d
d
e
fe
c
t

[
5
0
%

a
n
d
[

7
0
%

st
e
n
o
si
s

T
h
a
lli
u
m
-2

0
1
,

T
e
c
h
n
e
ti
u
m
-

9
9
m
-

te
tr
o
fo
sm

in

W
in
th
e
r

e
t
a
l.
1
3

2
0
1
5

U
S
A

P
1
3
8

1
3
8

5
4

6
8
.1
%

S
S
S
[

3
[

5
0
%

st
e
n
o
si
s

T
e
c
h
n
e
ti
u
m
-

9
9
m
-s
e
st
a
m
ib
i

W
o
rt
h
le
y

e
t
a
l.
3
5

2
0
0
3

A
u
st
ra
li
a

P
4
0

4
0

5
0

4
8
.0
%

R
e
v
e
rs
ib
le

o
r

fi
x
e
d
d
e
fe
c
t

[
7
0
%

st
e
n
o
si
s

T
e
c
h
n
e
ti
u
m
-

9
9
m
-

te
tr
o
fo
sm

in

C
C
T
A
,
c
o
ro
n
a
ry

c
o
m
p
u
te
d
to
m
o
g
ra
p
h
y
a
n
g
io
g
ra
p
h
y
,
IC
A
,
in
v
a
si
v
e
c
o
ro
n
a
ry

a
n
g
io
g
ra
p
h
y
,
M
P
I,
m
y
o
c
a
rd
ia
l
p
e
rf
u
si
o
n
im

a
g
in
g
,
P
,
p
ro
sp

e
c
ti
v
e
,
R
,
re
tr
o
sp

e
c
ti
v
e
,
S
S
S
,
su

m
m
e
d

st
re
ss

sc
o
re

*
T
h
e
st
u
d
y
b
y
d
e
L
im

a
e
t
a
l.
2
9
p
re
se

n
ts

tw
o
c
o
h
o
rt
s,

su
ffi
c
ie
n
t
d
a
ta

w
e
re

o
n
ly

a
v
a
ila

b
le

fo
r
th
e
v
a
li
d
a
ti
o
n
c
o
h
o
rt

*
*
T
h
e
st
u
d
y
b
y
W

e
ls
h
e
t
a
l.
3
4
u
se

d
[

5
0
%

a
n
d
[

7
0
%

a
s
d
e
fi
n
it
io
n
fo
r
si
g
n
ifi
c
a
n
t
C
A
D
.
H
o
w
e
v
e
r,
d
ia
g
n
o
st
ic

a
c
c
u
ra
c
y
w
a
s
o
n
ly

c
a
lc
u
la
te
d
fo
r
[

7
0
%

st
e
n
o
si
s

Journal of Nuclear Cardiology� J. R. Kelderman et al

Diagnostic accuracy of myocardial perfusion imaging



T
a
b
le

2
.
Q
U
A
D
A
S
-2

ri
sk

o
f
b
ia
s
a
ss
e
ss
m
e
n
t

A
u
th

o
rs

Y
e
a
r

B
ia
s
d
o
m
a
in

A
p
p
li
ca

b
il
it
y

P
a
ti
e
n
t

se
le
ct
io
n

In
d
e
x

te
st

R
e
fe
re
n
ce

st
a
n
d
a
rd

Fl
o
w

a
n
d

ti
m
in
g

P
a
ti
e
n
t

se
le
ct
io
n

In
d
e
x

te
st

R
e
fe
re
n
ce

st
a
n
d
a
rd

A
tk
in
so

n
e
t
a
l.
2
6

2
0
1
1

L
o
w

L
o
w

L
o
w

U
n
c
e
rt
a
in

L
o
w

L
o
w

L
o
w

B
o
u
d
re
a
u

e
t
a
l.
2
7

1
9
9
0

U
n
c
e
rt
a
in

L
o
w

L
o
w

U
n
c
e
rt
a
in

L
o
w

L
o
w

L
o
w

D
e
L
im

a
e
t
a
l.
2
8

2
0
0
3

U
n
c
e
rt
a
in

U
n
c
e
rt
a
in

L
o
w

U
n
c
e
rt
a
in

L
o
w

L
o
w

L
o
w

D
e
L
im

a
e
t
a
l.
2
9

2
0
1
0

U
n
c
e
rt
a
in

L
o
w

U
n
c
e
rt
a
in

U
n
c
e
rt
a
in

L
o
w

L
o
w

L
o
w

D
o
u
k
k
y
e
t
a
l.
1
5

2
0
1
8

U
n
c
e
rt
a
in

L
o
w

H
ig
h

H
ig
h

L
o
w

L
o
w

L
o
w

E
n
k
ir
i
e
t
a
l.
3
0

2
0
1
0

U
n
c
e
rt
a
in

L
o
w

L
o
w

U
n
c
e
rt
a
in

L
o
w

L
o
w

L
o
w

G
a
rg

e
t
a
l.
3
1

2
0
0
0

U
n
c
e
rt
a
in

L
o
w

L
o
w

U
n
c
e
rt
a
in

L
o
w

L
o
w

L
o
w

M
a
rw

ic
k
e
t
a
l.
3
2

1
9
9
0

U
n
c
e
rt
a
in

L
o
w

L
o
w

L
o
w

L
o
w

U
n
c
e
rt
a
in

U
n
c
e
rt
a
in

V
a
n
d
e
n
b
e
rg

e
t
a
l.
3
3

1
9
9
6

U
n
c
e
rt
a
in

L
o
w

L
o
w

L
o
w

L
o
w

U
n
c
e
rt
a
in

U
n
c
e
rt
a
in

W
e
ls
h
e
t
a
l.
3
4

2
0
1
1

U
n
c
e
rt
a
in

U
n
c
e
rt
a
in

U
n
c
e
rt
a
in

U
n
c
e
rt
a
in

L
o
w

L
o
w

L
o
w

W
il
so

n
e
t
a
l.
1
4

2
0
1
9

L
o
w

L
o
w

L
o
w

L
o
w

L
o
w

L
o
w

L
o
w

W
in
th
e
r
e
t
a
l.
1
3

2
0
1
5

L
o
w

L
o
w

L
o
w

L
o
w

L
o
w

L
o
w

L
o
w

W
o
rt
h
le
y

e
t
a
l.
3
5

2
0
0
3

U
n
c
e
rt
a
in

L
o
w

L
o
w

U
n
c
e
rt
a
in

L
o
w

L
o
w

L
o
w

J. R. Kelderman et al Journal of Nuclear Cardiology�
Diagnostic accuracy of myocardial perfusion imaging



Although the available studies do not show a high

accuracy of MPI SPECT for the diagnose of CAD,

current guidelines recommend screening with MPI

SPECT in patients with cardiovascular risk factors.16,17

A joined statement by the international cardiology and

transplantation societies on cardiac disease evaluation in

kidney and liver transplantation candidates, recom-

mends non-invasive stress testing when three or more

CAD risk factors are present (diabetes mellitus, prior

cardiovascular disease, duration of dialysis of[ 1 year,

left ventricular hypertrophy, age[ 60 years, smoking,

hypertension and dyslipidemia), regardless of functional

status (Class IIb, Level of Evidence C).17

A meta-analysis on the diagnostic accuracy of MPI

SPECT for the detection of CAD in the general

population reported a pooled sensitivity and specificity

of, respectively, 0.88 (95% CI 0.88 to 89) and 0.61 (95%

CI 0.59 to 0.62).18 A previous systematic review by

Wang et al., determined the diagnostic accuracy of MPI

SPECT in ESRD patients. Their study showed a pooled

sensitivity of 0.74 (95% CI 0.54 to 0.87) and specificity

of 0.70 (95% CI 0.51 to 0.84),19 which is comparable to

the outcomes presented in the current study. When

comparing MPI SPECT in patients with ESRD to the

general population, a lower sensitivity but high speci-

ficity is observed. Patients with ESRD often have

hypertension, left ventricular hypertrophy and decreased

coronary flow reserve, all of which may account for

reduced sensitivity of MPI SPECT in kidney transplant

candidates, and may explain the differences with the

general population.20 In patients with end-stage liver

disease (ESLD), a meta-analysis compared the diagnos-

tic accuracy of MPI SPECT with adenosine and

regadenoson as vasodilating agents. This study reported

a pooled sensitivity of 0.62 (95% CI 0.44 to 0.79) and

pooled specificity of 0.82 (95% CI 0.77 to 0.87) for

detecting severe CAD with adenosine scans. For

regadenoson, these numbers were, respectively, 0.35

(95% CI 0.14 to 0.62) and 0.88 (0.82 to 0.92).21 The

sensitivity of MPI SPECT in ESLD patients may be

lower than in the general population due to hemody-

namic changes and reduced coronary vascular

resistance.22 Therefore, there might be an impaired

response to agents inducing pharmacological stress. The

pooled sensitivity and specificity of MPI SPECT for

CAD reported in the current study (0.66 and 0.75,

respectively) is comparable to the results in patients with

ESRD and ESLD, with a lower sensitivity and higher

specificity compared to MPI in the general population.

Several studies demonstrated the association of perfu-

sion defects on MPI SPECT and cardiovascular events

following kidney transplantation. In an analysis of 1189

renal transplant patients, of which 819 underwent MPI

SPECT, Ives et al. reported that abnormal MPI SPECT

findings is an independent risk factor of cardiovascular

events after renal transplantation (Hazard Ratio 1.78

(95% CI (1.03 to 3.06)).23 In a retrospective cohort study

with 401 patients who underwent MPI SPECT prior to

Fig. 2. Sensitivity and specificity of myocardial perfusion imaging SPECT for coronary artery
disease in patients evaluated for kidney transplantation.

Fig. 3. Summary Receiver Operating Curve (SROC) of
included studies.
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kidney transplantation, Doukky et al. reported that MPI

SPECT had long-term prognostic value in patients with

3 or more AHA/ACCF risk factors.15 Therefore, MPI

SPECT can be used as well as a screening tool to predict

cardiovascular events in patients evaluated for renal

transplant.

The current review demonstrated that all of the 13

included studies applied visual/semi-quantitative scor-

ing, which resulted in significant heterogeneity across

the studies. In the included studies, there was a lack of a

standard SPECT procedure, such as a wide variety of

radiopharmaceuticals, one- or two-day stress protocols,

different types of specialists who assess the imaging

findings, differences in pharmacological stress inducers,

different software programs, and variation in time

interval between injection and MPI SPECT. This may

well explain the wide confidence intervals found for

sensitivities, specificities, PLR and NLR. This underli-

nes that a standardization of the protocols is warranted

which will improve the quality and reproducibility of

MPI SPECT. Thus currently the procedural guidelines

for cardiac MPI SPECT issued by the European Asso-

ciation of Nuclear Medicine (EANM) are

recommended.24

Fig. 4. Negative Likelihood Ratio (NLR) of included studies.

Fig. 5. Positive Likelihood Ratio (PLR) of included studies.
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MPI PET has several advantages compared to MPI

SPECT. Due to the routine correction of radiotracer

attenuation, the higher spatial resolution, the higher

extraction of PET perfusion tracers, PET scanning has a

better diagnostic accuracy than SPECT.25 The lower

radiation burden and the ability to make an absolute

quantitative perfusion assessment with PET is another

advantage of this method.25 However, PET scanning is

relative more expensive and less widely available.

Production of the short-lived radiopharmaceuticals

requires a costly cyclotron or a generator. The diagnostic

accuracy of PET has to date not been investigated in the

ESRD population although a higher accuracy is

expected for the functional diagnosis of CAD when

using MPI PET in these patients.

Our study has some limitations that need to be

addressed, including those inherent to systematic

reviews and meta-analyses of diagnostic test accuracy

studies. We included studies before the year 2000 and as

with technology, radioisotopes and MPI SPECT proce-

dures have changed and improved over time. This may

have influenced the results of the included studies.

MPI SPECT is used to assess the functional

significance of CAD and for risk stratification before

renal transplantation. On the contrary, the reference

standard ICA uses anatomy to assess CAD. An equiv-

alent comparison between MPI SPECT and ICA has its

limitations. Selecting 0.89% of the published studies on

the subject since 1990 may have potential bias of

including highly selected centers. Strengths of this work

are the extensive literature search in the six most

recognized databases, reporting according to the

PRISMA-DTA statement,9 study protocol registration

with PROSPERO and a structured and validated bias

assessment using the QUADAS-2 tool.11

CONCLUSION

This systematic review and meta-analysis demon-

strated that MPI SPECT had a moderate diagnostic

accuracy in patients evaluated for kidney transplantation

and resulted in a high rate of false-negative findings. The

use of an anatomical gold standard against a functional

imaging test is however suboptimal. Further research is

essential to establish the role of standardized MPI

SPECT for the evaluation of patients prior to transplan-

tation, with special attention for the new dynamic MPI

SPECT implementation or replacement by MPI PET.

NEW KNOWLEDGE GAINED

Application of MPI SPECT to detect CAD in

patients evaluated for kidney transplantation has been

performed. According to our study results MPI SPECT

had a moderate diagnostic accuracy for functional CAD

in patients evaluated for kidney transplantation as

compared to a suboptimal anatomical standard and

offers room for technical imaging improvements.
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