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Background. The prognostic value of normal stress myocardial perfusion single-photon
emission computed tomography (MPS) in patients with diabetes has only been evaluated in
single-center studies of relatively limited sample size. We performed a meta-analysis of pub-
lished studies, including diabetic patients with known or suspected coronary artery disease
(CAD), to assess the predictive value for adverse cardiac ischemic events of normal stress MPS.

Methods and Results. Studies published between January 1990 and December 2013 were
identified by database search. We included studies using stress MPS to evaluate diabetic patients
with known or suspected CAD and providing data on clinical outcomes of non-fatal myocardial
infarction or cardiac death with a follow-up time =12 months. A total of 14 studies were finally
included, recruiting 13,493 patients. The negative predictive value (NPV) for non-fatal myocar-
dial infarction and cardiac death of normal MPS was 94.92% (95% confidence interval 93.67-
96.05), during a weighted mean follow-up of 36.24 months, resulting in estimated event rate after a
negative test equal to 5.08 % (95% confidence interval 3.95-6.33). The corresponding annualized
event rate after a negative test was 1.60% (95% confidence interval 1.21-2.04).

Conclusions. Stress MPS has a high NPV for adverse cardiac events in diabetic patients with
known or suspected CAD leading to define a ‘‘relatively low-risk’’ patients category. (J Nucl

Cardiol 2014;21:893-902.)
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INTRODUCTION

Stress myocardial perfusion single-photon emission
computed tomography (MPS) has taken a central role in
risk stratify patients with suspected or known coronary
artery disease (CAD). Accurate risk stratification has
become increasingly important to optimize patient
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outcomes and contains rapidly escalating medical care
costs." In particular, the prognostic value of negative
stress MPS gives the possibility to identify low-risk
patients, decreasing additional tests and interventions.
However, after a normal stress MPS, diabetic patients
are at higher risk for cardiac events than non-diabetic
subjects also after balancing clinical characteristics and
stress type by propensity score analysis.? Despite cardiac
risk assessment in diabetic patients is challenging, based
on current data, routine screening is not generally
recommended. Higher knowledge of prognostic value of
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normal MPS results in diabetic patients can be important
considering that the reliance of temporal changes in risk
during a long-term follow-up provides also a basis for
identifying the timing of repeat testing.>

However, the prognostic value of a negative stress
MPS in diabetic patients has only been evaluated in
single-center studies of relatively limited sample size.
Thus, we performed a meta-analysis of published
studies, including diabetic patients with known or
suspected CAD, to assess the predictive value for
adverse cardiac ischemic events of normal stress MPS,
defined as the absence of inducible perfusion defects.

MATERIALS AND METHODS

Data Sources and Study Selection

An English literature search was performed using the
PubMed, Cochrane, Web of Science, and Scopus database to
identify articles published between January 1990 and December
2013. Studies search was restricted to data obtained in humans
and adults and was conducted using the following keywords
(alone and in different combinations): prognosis, outcome,
follow-up, diabetes, diabetic patients, and myocardial perfusion
imaging. The title and abstract of potentially relevant studies
were screened for appropriateness before retrieval of the full
article when relevant by two reviewers (V.C., R.G.) and
disagreements were resolved by consensus. The full-published
reports of the all abstracts selected by the reviewers were
retrieved and the same reviewers independently performed a
second-step selection based on the inclusion criteria; disagree-
ments were resolved by consensus. In addition, one reviewer
manually reviewed the bibliographies of retrieved articles for
additional citations. A study was included if all of the following
criteria were met: (1) the study had prospective or retrospective
analysis of diabetic subjects referred for suspected or known
CAD who underwent pharmacological or exercise stress MPS
for searching inducible ischemia; (2) the study included a
negative test defined in the absence of inducible perfusion
defects during stress MPS; (3) the study provided the absolute
number of diabetic patients with a negative test and data on
clinical outcomes of non-fatal myocardial infarction and cardiac
death; and (4) the follow-up time of the study was at least
12 months. In case of multiple studies reported from the same
research group, potential cohort duplication was avoided by
including the largest study only. Overall study quality was not
used as a pre-specified inclusion criterion.*

Data Extraction and Quality Assessment

To evaluate eligibility for the meta-analysis, as previously
described,”® each study was initially identified by considering
journal, author, and year of publication. Additional extracted
variables included study design (retrospective or prospective),
imaging system, criterion used to classify a test as negative, type
of stressor used, type of radiotracer used, the number of patients
with and without disease, and modality of data assessment
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(qualitative, semiquantitative, or quantitative). Data were also
collected on age and on prevalence of female sex, traditional
cardiovascular risk factors besides diabetes (hypertension,
dyslipidemia, family history of CAD, smoking), angina-like
symptoms, and history of CAD (including previous myocardial
infarction and previous myocardial revascularization). Mean or
median follow-up time, number of events, or event rate based on
negative tests, occurrence of non-fatal myocardial infarction, or
cardiac death were recorded.

Quality assessment was performed using a previously
described methodology’ and was on the basis of the presence of
the following parameters: (1) complete follow-up in the majority of
subjects (>=90% of the baseline cohort); (2) outcome data collected
by investigators blinded to the test results; and (3) outcomes
corroborated by hospital records and death certificates. Studies
were defined as good quality if they fulfilled criterion 1 and >1 of
the other 2 criteria, as fair quality if they fulfilled only the criterion
1, and as poor quality if they fulfilled none of the criteria.

Statistical Analysis

Demographical and clinical characteristics of all patients
included in this meta-analysis were obtained as weighted
averages of those reported in the single studies, the weights
being the total sample size for each study. Statistical hetero-
geneity between studies was assessed using the Cochrane Q
statistic (with a value of P < .1 reflecting significant hetero-
geneity) and I* statistic,* which measures the percentage of
total variability across studies not due to sampling error.
Because of the large heterogeneity experienced, the pooled
estimates of negative predictive value (NPV) for cardiac events
and the pooled estimates of the event rate after negative tests
(event rate after negative test = 1 — NPV) were computed
with the 95% confidence interval (CI) using the random-effects
model of DerSimonian and Laird."”

While fixed effects model assumes that the true effect size is
the same in all study and that all of the variability between effect
sizes is due to sampling error, the random-effects model assumes
that the variability between effect sizes is due to sampling error
(within study variance) plus variability in the effect size among
the studies (between study variance). Accordingly, in a random-
effects meta-analysis, the standard errors of the study-specific
estimates are adjusted to incorporate a measure of the extent of
between study variance.'® The influence of each study on the
overall results of the meta-analysis is expressed as weight. The
higher the percentage weight (and the bigger the box in the
forest-plot depicting the meta-analysis results), the more influ-
ence the study has on the overall results. In the present meta-
analysis, the weight of each study was calculated with the inverse
variance method, as a function of the variance of that study (V;)
and of the variance of the true effects of the compound between
the different studies (72), using the formula: 1/(V; + 7).

To correct for over dispersion, the raw proportions (NPV
and event rate after negative test) were initially converted
using the Freeman-Tukey transformation and back transformed
after quantitative data synthesis.'>'> For each study, the
annualized event rate after negative test was obtained as
average during the lengths of follow-up. In addition to the
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overall random-effects model, univariate meta-regression anal-
yses were performed to assess the evidence of prevalence
modifiers. To formally evaluate potential publication bias, we
performed a test proposed by Egger et al.'* All analyses were
performed with R statistics (version 2.15.0), using the addi-
tional packages META and METAFOR.

RESULTS

The initial database search identified 165 potentially
eligible citations. The reviewers, after the evaluation of
the titles and abstracts of these studies, discharged 131
citations because they were judged to be non-relevant or
non-pertinent. To determine eligibility, each investigator
reviewed the full text of the remaining 34 independently,
and disagreements were resolved by consensus. After
revision, 20 articles were excluded and the final analysis
considered 14 studies™'3*’ including 13,493 patients.
The complete literature search is presented in flow-chart
form in Figure 1.

Demographical and clinical characteristics of
patients included in the studies in the meta-analysis
are detailed in Table 1. Data were obtained using
exercise or pharmacologic stress test in ten studies and
pharmacologic stress test in four studies (adenosine in

Records screened
(n =165)

Records excluded
(n=131)

Full-text articles
assessed
(n =67)

Articles excluded
(n =20)

Studies included in
meta-analysis
(n=14)

- 3 no outcome data

- 4 no separate analysis
for hard and soft events

- 8 no number of patients
with negative MPS

- 3 no outcome data in
patients with negative
MPS

- 1 lack of follow-up length

- 1 potential overlapping
with other studies

Figure 1. Flow-chart of literature search.
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three and dobutamine in one). The imaging agent was a
Tc-99m-based tracer in 12 studies and thallium-201 in 2
studies. Of the 14 studies, 9 used as cut-off of normal
myocardial perfusion a summed stress score (SSS) <3
(17-segment score model in 7 studies and 20-segment
score model in 2 studies) and 2 a SSS <4 (17-segment
score model in one study and 20-segment score model in
another study). In the last three studies, myocardial
perfusion was defined as normal when a perfusion defect
involved <2 myocardial segments. Study sample sizes
ranged from 87 to 4,628 patients enrolled, including a
proportion of patients with known CAD ranging from
20% to 40%. The mean age ranged from 57 to 65 years,
with the proportion of women ranging from 13% to
50%. The duration of follow-up ranged from 2.2 to
4.8 years. After negative test, the event rate for non-fatal
myocardial infarction or cardiac death varied between
0.90% and 9.62% and the annualized event rate between
0.41% and 3.24%. After quality assessment, 11 studies
were graded as good quality and 3 studies as fair quality.

Predictive Value of Stress MPS for Cardiac
Death and Non-fatal Myocardial Infarction

Figure 2 shows the forest plot of NPV for non-fatal
myocardial infarction and cardiac death for each study,
as well as the pooled estimate yielded by the random-
effect model. In the individual studies, NPV ranged from
90.38% to 99.10%. During a weighted mean follow-up
of 36.24 months, the summary NPV was 94.92% (95%
CI 93.67-96.05). The estimate of NPV was not signif-
icantly different (P = .14) between studies including
both asymptomatic and symptomatic patients (94.19%,
95% CI 92.91-95.35) and studies including only asymp-
tomatic patients (95.83%, 95% CI 92.80-98.09). The
pooled event rate after negative test was 5.08% (95% CI
3.95-6.33) in the overall studies, without differences
(P = .14) between studies including asymptomatic and
symptomatic patients and those including only asymp-
tomatic patients (Figure 3).

The corresponding pooled estimate of annualized
event rate after negative test was 1.60% (95% CI 1.21-
2.04). The estimate of annualized event rate was slightly
lower (P = .06) for the subgroup of studies including
only asymptomatic patients (1.20%, 95% CI 0.54-2.09)
as compared to those including both asymptomatic and
symptomatic patients (1.93%, 95% CI 1.48-2.45) (Fig-
ure 4). Noteworthy, the pooled estimate of annualized
event rate was not significantly different (P = .41)
between the four studies published before 2007 (1.95%,
95% CI 0.96-3.26) and those published after 2007
(1.48%, 95% CI 1.01-2.02).

A high level of heterogeneity was observed between
studies for both NPV and event rate after negative test
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Author Year Patients (n) Negative Test (n) True Negative Test (n) NPV (%) 95% CI Weight
Asy ic and sy
Giri S et al. 2002 929 486 450 —8— 92.59 [89.89; 94.76] 8.4%
Pedone C et al. 2005 121 45 44 —_— 97.78 [88.23; 99.94] 2.5%
Wiersma J et al. 2009 319 111 110 — 99.10 [95.08; 99.98] 4.7%
Barmpouletos et al. 2010 886 528 487 —&8— 92.23 [89.61;94.37] 8.5%
Acampa W et al. 2012 822 409 376 —8— 91.93 [88.86; 94.38] 8.0%
Kasim M et al. 2013 87 48 45 93.75 [82.80; 98.69] 2.7%
Ghatak A et al. 2013 3060 1792 1689 . 94.25 [93.07; 95.28] 10.1%
Santos MT et al. 2013 4628 2865 2722 = 95.01 [94.15; 95.78] 10.4%
Acampa W et al. 2014 260 260 242 —8— 93.08 [89.28; 95.85] 6.9%
Random effects model < 94.19 [92.91; 95.35] 62.2%

[ 4%, 003, p=0.0052
Only asymptomatic patients
Valensi P et al. 2005 370 239 216 —a— 90.38 [85.91; 93.80] 6.7%
Sultan A et al. 2006 419 348 340 —8 97.70 [95.52; 99.00] 7.6%
Young L et al. 2009 561 409 401 —8- 98.04 [96.18; 99.15] 8.0%
Matsuo S et al. 2010 513 319 311 —8— 97.49 [95.12; 98.91] 7.4%
Hage F et al. 2013 518 406 378 —8— 93.10 [90.19; 95.37] 8.0%
Random effects model e 95.83 [92.80; 98.09] 37.8%

I % te 0191, p<0.0001
Random effects model <> 94.92 [93.67; 96.05] 100%

I .4%, 1 007, p<0.0001

T T T T 1
80 85 90 95 100
Figure 2. NPV for cardiac death and non-fatal myocardial infarction. CI, Confidence interval.

Author Year Patients (n) Negative Test (n) Events (n) ERNT (%) 95% CI Weight
Asymg ic and symy ic patients i
Giri S et al. 2002 929 486 36 —a— 7.41 [5.24;10.11] 8.4%
Pedone C et al. 2005 121 45 1 —_—— 2.22 [0.06; 11.77] 2.5%
Wiersma J et al. 2009 319 111 1 - 0.90 [0.02; 4.92] 4.7%
Barmpouletos et al. 2010 886 528 41 —a— 7.77 [5.63; 10.39] 8.5%
Acampa W et al. 2012 822 409 33 —a— 8.07 [5.62; 11.14] 8.0%
Kasim M et al. 2013 87 48 3 6.25 [1.31;17.20] 2.7%
Ghatak A et al. 2013 3060 1792 103 -8B 5.75 [4.72; 6.93] 10.1%
Santos MT et al. 2013 4628 2865 143 k=g 4.99 [4.22; 5.85] 10.4%
Acampa W et al. 2014 260 260 18 —_—— 6.92 [4.15;10.72] 6.9%
Random effects model <> 5.81 [4.65; 7.09] 62.2%

I-sq 3.4%, t 003, p=0.0052 H
Only asymptomatic patients
Valensi P et al. 2005 370 239 23 P —a— 9.62 [6.20; 14.09] 6.7%
Sultan A et al. 2006 419 348 8 - 2.30 [1.00; 4.48] 7.6%
Young L et al. 2009 561 409 8 - 1.96 [0.85; 3.82] 8.0%
Matsuo S et al. 2010 513 319 8 —a— 2.51 [1.09; 4.88] 7.4%
Hage F et al. 2013 518 406 28 —8— 6.90 [4.63; 9.81] 8.0%
Random effects model g 417 [1.91; 7.20] 37.8%

I-sq 7%, 1 0191, p<0.0001
Random effects model < 508  [3.95; 6.33] 100%

I-sq 4%, t: 007, p<0.0001 i

I T T T 1
0 5 10 15 20

Figure 3. Event rate after negative test (ERNT) for cardiac death and non-fatal myocardial

infarction. CI, Confidence interval.

(I2 = 78.4%, P < .0001) and for annualized event rate
after negative test (I2 = 84.6%, P < .0001). At meta-
regression analysis, no significant association was
detectable between NPV and the considered variables:
age, sex, dyslipidemia, smoking, hypertension, family
history of CAD, and prior myocardial infarction.

Publication Bias

For studies enrolled in this meta-analysis, no
evidence of significant publication bias was found for
NPV (bias 0.12, standard error 1.2, slope 2.66, P = .92)

as well as for event rate after negative test (bias —0.12,
standard error 1.2, slope 0.47, P = .92), and annualized
event rate after negative test (bias —0.25, standard error
1.47, slope 0.27, P = .8).

DISCUSSION

This systematic review and meta-analysis is the first
addressing the prognostic value of negative stress MPS
result in diabetic subjects with known or suspected
CAD. Our results demonstrate that in this patient
population a negative stress MPS predicts a relatively
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Author Year Patients (n) Negative Test (n)
y ic and sy

Giri Setal. 2002 929 486
Pedone C et al. 2005 121 45
Wiersma J et al. 2009 319 111
Barmpouletos et al. 2010 886 528
Acampa W et al. 2012 822 409
Kasim M et al. 2013 87 48
Ghatak A et al. 2013 3060 1792
Santos MT et al. 2013 4628 2865
Acampa W et al. 2014 260 260
Random effects model

ity: I .5%, 0015, p=0.0003
Only asymptomatic patients
Valensi P et al. 2005 370 239
Sultan A et al. 2006 419 348
Young L et al. 2009 561 409
Matsuo S et al. 2010 513 319
Hage Fetal. 2013 518 406
Random effects model

ity: I 8%, 0054, p<0.0001
Random effects model

ity: I- .6%, t 0034, p<0.0001
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Events (n) AERNT (%) 95% ClI Weight
36 —8— 2.96 [2.08; 4.08] 7.9%
1 —- 0.65 [0.02; 3.59] 2.9%
1 e 0.41 [0.01; 2.26] 4.0%
1 —a— 3.24 [2.33; 4.36] 8.0%
33 “F 1.68 [1.16; 2.35] 8.7%
3 273 [0.57;7.76] 2.3%
103 = 2.39 [1.96; 2.90] 9.6%
143 & 1.67 [1.41;1.97] 10.0%
18 S 157 [0.94; 2.48] 7.8%
1.93 [1.48; 2.45] 61.3%
23 b 3.01 [1.92; 4.48) 6.9%
8 - 1.04 [0.45; 2.05] 6.9%
8 [E3 0.41 [0.18; 0.80] 8.7%
8 =N 0.84 [0.36; 1.64] 7.4%
28 EE 1.47 [0.98; 2.11] 8.7%
o 1.20 [0.54; 2.09] 38.7%
<> 1.60 [1.21; 2.04] 100%
T T T T T 1
0 2 4 6 8 10

Figure 4. Annualized event rate after negative test (AERNT) for cardiac death and non-fatal

myocardial infarction. CI, Confidence interval.

low risk of cardiovascular events over a mid-term follow
up. One of the major strengths of stress MPS is the low
subsequent cardiac event rate in patients with normal
findings.” Several studies reported that patients with
negative stress MPS have an excellent outcome, as less
than 1% of patients with a normal study will experience
hard cardiac events, such as cardiac death or non-fatal
myocardial infarction.>? However, the risk of hard event
after a normal MPS is a function of the clinical and
historical factors of the patients tested. In particular,
diabetes is an important clinical variable in determining
the risk of events after stress MPS. It has been
demonstrated that after a normal stress MPS, diabetic
patients are at higher risk (>1%) for cardiac events than
non-diabetic subjects (<1%) also after balancing clinical
characteristics and stress type by a propensity score
analysis.” Summary data according to diabetes status
after a normal stress MPS might be very useful
considering that the low risk associated with normal
MPS is an important component of a testing strategy that
can lower the overall cost and enhance the effectiveness
of test.?

Data already published evaluating the stratification
power of a normal MPS finding in diabetic patients have
been performed in heterogeneous studies. Therefore, the
prognostic value of a normal stress MPS in patients with
diabetes has been extrapolated by an overall population
with suspected or known CAD, and several potential
confounding may have affect the results reported. Often,
the prognostic power of a normal stress MPS has not
been specifically evaluated in diabetic patients, but has

been tested using diabetes as covariate in an overall
patient population with suspected or known CAD.

From the present meta-analysis using restrict
researching criteria (diabetic patients and normal
MPS), it emerged that MPS has a high NPV leading to
define a low-risk patients category. From published data
it emerged that additional interventions can be avoided
identifying a low-risk group of patients, defined by an
annual event rate of <1%.%® However, in our meta-
analysis the pooled annualized event rate with normal
test is 1.60%, higher that in the general population
(<1%), leading to define diabetic patients with negative
stress MPS results as a “‘relatively low-risk’’ patients
category. It should be considered that a significant
heterogeneity in the studies selected in this meta-
analysis was observed. In particular, the range of
annualized event rate has been reassuring (<1%) only
in four studies>*’ while in all the others studies it
ranged from 1.47 to 3.24.%152224

It is still uncertain if all diabetic patients should be
treated as CAD risk equivalents although many do not
achieve that risk status®® or if they should be further
stratify to better align intensity of therapy with levels of
cardiovascular risk.*® The detection of occult CAD in
order to initiate appropriate therapy at a time point when
the disease process is more easily modifiable is the
objective of non-invasively testing asymptomatic dia-
betic patients for risk stratification purposes. This
strategy is expected to lead to declines in cardiac
morbidity and mortality. Major society guidelines and
position statements have made recommendations about
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testing for asymptomatic CAD in diabetic patients. The
American College of Cardiology considers appropriate
the use of radionuclide imaging for asymptomatic diabetic
patients >40 years old and other coronary risk equiva-
lents.>' The American College of Cardiology Foundation/
American Heart Association guidelines give a weak class
IIb (level of evidence C) recommendation to consider
stress MPS for cardiovascular risk assessment in asymp-
tomatic adults with diabetes.*> A position statement of the
European Society of Cardiology states that asymptomatic
diabetic patients without known CAD should be consid-
ered for coronary calcium imaging followed by MPS for
those with significant coronary calcium, in order to
identify subjects with a moderate to severe extent of
ischemia which are likely to benefit from invasive
evaluation and revascularization (class of recommenda-
tion I1a).>® The American Diabetes Association does not
recommend screening for CAD in asymptomatic patients
because it does not improve outcomes as long as cardio-
vascular risk factors are treated (level of evidence A).34
Important questions are still to be addressed, such as the
potential of coronary revascularization to reduce cardiac
events in asymptomatic diabetic patients; the yield of non-
invasive testing in identifying reliably a considerable
proportion of those patients likely to benefit from this type
of intervention in a cost-effective manner; and who, when,
and how to test.”>>° In the present meta-analysis, we
found that the annualized event rate was not significantly
different for studies including only asymptomatic patients
compared to those including both asymptomatic and
symptomatic patients.

Stress tests are most useful for patients with
suspected CAD at intermediate pre-test probability of
disease or in patients with known CAD at intermediate
pre-test probability of ischemia, by moving them into a
higher- or lower-risk group, thereby informing the
choice of additional diagnostic tests, interventions, and
medical management, which are costly and carry sig-
nificant risks. Our study indicates that stress MPS in
diabetic patients is useful in identifying such lower-risk
subjects over a spectrum of pre-test probabilities. Even
in study cohorts or subsets of patients with relatively
high pre-test probability, such as those with a higher
percentage of prior myocardial infarction, the event rate
with normal stress MPS is relatively low. However, only
identifying a low-risk group of patients, defined by an
annual event rate of <1%, additional interventions can
be avoided in most cases.”’ In diabetic patients a normal
MPS assumes an important significance also considering
that helps to identify a warranty period in establishing
the time at which repeat testing might be appropriate.””
Repeating testing remains a significant part in the
evaluation of cost-effectiveness in the long-term follow-
up of patients with suspected and known CAD.
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Limitations

Variation in test performance among subjects at
very high or very low risk of disease (spectrum bias)
may affect the results of prognostic studies, also in
assessment of NPV.?” Our systematic review includes
studies of cohorts with supposedly varying pre-test risk
of disease, as manifested by a broad range of percentage
of subjects with major cardiovascular risk factor, history
of CAD, prior myocardial infarction, history of previous
coronary revascularization procedures or with symptoms
(Table 1). The assessment of pre-test risk is relevant for
evaluating the clinical impact of cardiovascular imag-
ing,*® but the availability of incomplete clinical data in
many of the included studies prevents the possibility to
perform subgroups analyses and, consequently, to eval-
uate more carefully the NPV in relation to pre-test risk.
In fact, meta-regression analysis was performed only
considering the variables available in the majority of the
studies. We could not address the effect of some
confounding factors such as cardiac medications, gly-
cemic control, microvascular dysfunction, and
differences between exercise and vasodilator testing.
Also the impact of ejection fraction could not be
considered because it was not reported in the subset of
patients with normal myocardial perfusion in most the
studies included in the meta-analysis.

NEW KNOWLEDGE GAINED

The current study underscores the high NPV of a
normal stress MPS in diabetic patients with known or
suspected CAD. However, the pooled annualized event
rate in subjects with normal test is higher (1.60%) than
in the general population (<1%). Thus, our findings
suggest that diabetic patients with negative stress MPS
results are in an intermediate-risk category.
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