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m
Foreword

In the February 2001 issue of Current Problems in Cardiology, Dr
Jeroen J. Bax and his colleagues in the Netherlands provide a compre-
hensive discussion of sensitivity, specificity, and predictive accuracy of
various noninvasive tests for detecting hibernating myocardium, a condi-
tion originally described by the Senior Author, Dr Shahbudin H. Rahim-
toola. This is the most complete discussion of the use of noninvasive tests
for identifying viable myocardium in patients with coronary artery dis-
ease that has ever been written.

The editorial board of Current Problems in Cardiology is most grateful
to Dr Bax and his coauthors for their extensive review of the relevant lit-
erature concerning this important topic.

Robert A. O’Rourke, MD, FACC, MACP
Editor in Chief

144 Curr Probl Cardiol, February 2001



Jeroen J. Bax, MD, PhD, is a resident in

Cardiology at the Leiden University Med-

/ ical Center, The Netherlands. He earned

his doctorate in the use of single photon

emission computed tomographic imaging

with 511 keV collimators to evaluate

myocardial uptake of F18-fluordeoxyglu-

cose (Free University Hospital Amsterdam, The Netherlands, 1996). His

main research activities involve the use of noninvasive imaging (nuclear

imaging, [stress-] echocardiography and magnetic resonance imaging) to
evaluate the different aspects of coronary artery disease.

IS > Don Poldermans, MD, PhD, has been a
/ consultant in Internal Medicine at the Uni-
versity Hospital Rotterdam, The Nether-

T lands, since 1989. He graduated from
Erasmus University Rotterdam, The Nether-

lands. He completed general medicine, infectious disease, and intensive care
medicine residencies at the Erasmus Medical Center Rotterdam, The Nether-

lands. His primary research interests are cardiovascular risk stratification,
hypertension, and echocardiography.

Abdou Elhendy, MD, PhD, received his

, medical degree and performed his train-

ing in cardiology at Cairo University Hos-
v 7 pital, Egypt. He worked for 3 years at the
/‘ 1/? - /:__. ThoraxCenter Rotterdam, The Nether-

lands, as a research fellow in the field of
stress echocardiography. He earned his doctorate at Erasmus University
Rotterdam, The Netherlands, in 1996. He is a lecturer in cardiology at
Cairo University Hospital, Egypt. He is currently working at the Mayo Clin-
ics, Rochester, Minn, as a research fellow at the Department of Medicine.
His major interests are stress echocardiography and myocardial perfusion
imaging in coronary artery disease.

/ Eric Boersma, MSc, PhD, has been head

/ p of the Department of Clinical Epidemiol-

? Q/Q//W ogy, ThoraxCenter Cardiology at the Uni-
/_///versity Hospital Rotterdam, The Nether-

/ // lands, since 1997. He received master’s
degrees in mathematics and statistics
from the University of Delft, The Netherlands, and in epidemiology at the Uni-
versity of Rotterdam, The Netherlands. He defended a doctoral thesis on

decision making in myocardial infarction in 1998. His primary research
interests are cardiovascular epidemiology and cardiac risk stratification.

Curr Probl Cardiol, February 2001 145



Shahbudin H. Rahimtoola, MB, FRCP,
{ / - received his MRCP from the Royal College
VN 4. Ao ta . of Physicians of Edinburgh in 1963 and
. was awarded the fellowship in 1972.
Since 1980 he has been a Professor of
Medicine, University of Southern California. He was chief of the Division of
Cardiology, University of Southern California and LAC+USC Medical Center,
from 1980 to 1992. In 1984 he was appointed the first George C. Griffith
Professor of Cardiology, which is funded in part by the American Heart Asso-
ciation—Greater Los Angeles Affiliate. In 1993, Dr Rahimtoola was awarded
the title of Distinguished Professor, University of Southern California. In
1996, he was awarded Master of the American College of Physicians. In
1999, he was awarded Master of the American College of Cardiology. He is
a past chairman of the Council on Clinical Cardiology, American Heart Asso-
ciation, and a past trustee of the American College of Cardiology. Dr Rahim-
toola serves on the editorial boards of Circulation and numerous other jour-
nals. He has received numerous awards and citations, including the Gifted
Teacher Award from the American College of Cardiology in 1986 and the
James B. Herrick Award from the American Heart Association/Council on
Clinical Cardiology in 1989. He received the Distinguished Alumnus Award
from the Mayo Foundation in 1998. Dr Rahimtoola’s research interests are
broad and extensive. He is best known for his work in valvular heart disease,
coronary artery disease, results of cardiac surgery, arrhythmias, heart fail-
ure, cardiomyopathy, and congenital heart disease.

=

146 Curr Probl Cardiol, February 2001



|
Sensitivity, Specificity, and
Predictive Accuracies of Various
Noninvasive Techniques for Detecting
Hibernating Myocardium

Introduction

ata from large clinical trials have indicated that improvement in

survival after revascularization occurs in subgroups of patients

presenting with multivessel coronary artery disease (CAD) and
left ventricular (LV) dysfunction.'? However, it is not known if this is a
result of improvement or normalization of LV dysfunction present at rest,
from reduction of ischemia and subsequent myocardial infarction, or both
mechanisms.? It is estimated that 25% to 40% of the patients with ischemic
LV dysfunction may have improved LV ejection fraction (LVEF) after
revascularization.* Improvement of LV systolic dysfunction is clinically
important because LVEF is a major determinant of survival in patients with
CAD, in particular in patients with severely depressed LVEFE.> On the other
hand, these patients are at high risk for events during or after the revascu-
larization procedure.® Thus accurate identification of patients with poten-
tially reversible LV dysfunction is important in the clinical decision making
to recommend revascularization.

Several noninvasive techniques have been developed to identify viable
myocardium in the dysfunctional segments.”!! Each of these techniques
focuses on a different aspect of viable myocardium. Most experience has
been obtained with dobutamine echocardiography (DE) and radionuclide
imaging using fluorine 18 deoxyglucose (FDG), thallium 201 chloride, or
technetium 99m-labeled tracers.”!! The sensitivities/specificities of these
different modalities are useful in deciding which test(s) should be obtained.
On the other hand, the predictive accuracies of a positive and negative test
result are of value in deciding whether to recommend revascularization
after the results of these tests are available. Accordingly, the aim of the pre-
sent analysis was to perform a pooled analysis of the currently available
studies in the literature to determine and compare the sensitivities, speci-
ficities, positive predictive value (PPV), and negative predictive value
(NPV) to predict improvement of regional LV function after revasculariza-
tion) of the 5 most frequently used techniques, namely DE, single photon

Curr Probl Cardiol, February 2001 147



TABLE 1a. Studies that used improvement of wall motion during low-dose DE as criterion for viability.

Mean
No. of % Mean LVEF

Reference Patients Male age (y) (%) (SD)
Gerber et al*? 39 87 60 33(+10)
Charney et al'® 17 59 63 46 (+9)
Arnese et al*4 38 68 59 31(NA)
Perrone-Filardi et al'® 18 NA NA NA
Vanoverschelde et al'® 73 85 59 36 (+12)
Marzullo et al*” 14 79 54 39 (£7)
Bax et al'® 17 82 57 36 (+11)
Senior et al'® 22 95 61 26 (£8)
Perrone-Firaldi2® 18 94 59 43 (+12)
Alfieri et al* 14 100 52 35 (+8)
La Canna et al?? 33 97 56 33(+8)
Haque et al® 26 81 55 43 (+14)
Baer et al** 42 90 59 40 (£ 13)
DeFilippi et al® 23 100 NA 38 (£10)
Elhendy et al?® 42 79 59 39 (+ 14)
Kostopoulos et al*’ 31 84 48 41 (% 6)
Cornel et al*® 30 83 61 35 (+10)
Sconamiglio et al®® 60 90 58 48 (+10)
Pagano et al®° 30 87 57 25 (£7)
Baer et al®* 43 93 58 42 (£ 10)
Voci et al®? 30 93 56 NA
Picano et al®t 34 88 55 43(+ 12)
Elhendy et al3* 28 NA NA NA
Cornel et al®® 91 80 60 32 (+11)
Pace et al*® 46 97 59 40 (+11)
Sayad et al3"* 10 70 NA NA
Sicari®®t 57 89 60 31(+11)
Gunning et al3*+ 30 90 61 24 (+8)

CABG, Coronary artery bypass grafting; Ml, myocardial infarction; MRI, magnetic resonance
imaging; MVD, multivessel disease; PTCA, percutaneous transluminal coronary angioplasty;
RNV, radionuclide ventriculography; RWM, regional wall motion; NA, not available.
*Magnetic resonance imaging instead of echocardiography.

FThirty patients with follow-up/revascularization.

FTwenty-three patients completed the study.

emission computed tonography (SPECT) using 2°'TI RR or 2°!'TI RI, *™Tc-
labeled sestamibi (MIBI), and positron emission tomography (PET) with
FDG.

Methods

A MEDLINE search (1980 through January 2000) was performed using
the search term “myocardial viability” in combination with a set of terms
for the techniques: “Thallium-201 rest-redistribution,” “Thallium-201
reinjection,” “technetium-99m Sestamibi,” “technetium-99m Tetrofos-

9 G
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(%)

Technique

Patients Patients Segments to assess
with PTCA/ with with RWM after
MVD CABG Ml (%) recovery (%) revascularization

85 0/100 59 62 Echo, 5+ 1.9 mo

76 29/71 65 53 Echo, 7+ 3d

92 0/100 100 22 Echo, 3 mo

NA 61/39 NA 69 Echo, 43+ 39d

79 30/70 68 38 Echo/RNV, 5.5 £ 2.5 mo

93 36/64 100 65 Echo, 11 £ 2wk
100 0/100 100 29 Echo, 3 mo

86 14/86 NA 70 Echo, 9 £ 1wk

50 61/39 89 61 Echo, 34 £10d

NA 0/100 NA 82 Echo, 12 mo

94 0/100 70 65 Echo, 3 mo

56 96/4 88 77 Echo, 3 mo

74 48/52 100 62 Echo, 4-6 mo

NA 43/57 NA 61 Echo, 30-60 d

86 0/100 100 16 Echo, 3 mo

NA 39/61 100 45 Echo, 97 £+ 12d

77 0/100 100 37 Echo, 3 mo
100 0/100 58 54 Echo, 4-6 wk
100 0/100 100 57 Echo, 6 mo

70 51/49 100 46 MRI, 46 mo
100 0/100 60 NA Echo, 1 mo

47 74/26 100 57 Echo, 7 + 4wk

NA 0/100 100 23 Echo, 3 mo

91 8/92 100 28 Echo, 3 mo

65 46/54 97 50 Echo, 40 + 10d

NA NA NA 65 MR, 4-8 wk

89 73/27 88 56 Echo, 7 £ 3wk
100 0/100 100 40 MRI, 36 mo

min,” “Dobutamine echocardiography,” and “FDG.” Next, referenced
studies used by the selected articles and a hand search of cardiology and
nuclear medicine journals (American Heart Journal, American Journal of
Cardiology, British Heart Journal/heart, Circulation, European Heart
Journal, European Journal of Nuclear Medicine, Journal of the American
College of Cardiology, Journal of Nuclear Medicine, and the Journal of
Nuclear Cardiology) from 1980 through January 2000 was performed to
ensure that all relevant studies were included. All articles were reviewed.
The following criteria were used for inclusion in the pooled data: (1)

Curr Probl Cardiol, February 2001
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TABLE 1b. Sensitivity, specificity, PPV, and NPV for low-dose DE to detect functional recovery after
revascularization (925 patients, 28 studies)

Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Reference (segments) (segments) (segments) (segments)
Gerber et al*? 71(17/24) 89(13/15) 89(17/19) 65 (13/20)
Charney et al*3 71(22/31) 93(25/27) 92 (22/24) 74(25/34)
Arnese et al** 74(28/38) 96 (127/132) 85(28/33) 93 (127/137)
PerroneFilardi 79 (58/73) 83(30/36) 91 (58/64) 67 (30/45)

et al*®
Vanoverschelde 79 (211/267) 80 (340/425) 71 (211/296) 86 (340/396)

et al'®
Marzullo et al*’ 82 (40/49) 94 (24/26) 95 (40/42) 73(24/33)
Bax et al'8 85(23/27) 63 (41/65) 49 (23/47) 91 (41/45)
Senior et al® 87 (103/118) 82 (41/50) 92(103/112) 73 (41/56)
PerroneFilardi® 88(42/48) 87 (27/31) 88(42/48) 87(27/31)
Affieri et al* 91 (85/93) 78(25/32) 92 (85/92) 76 (25/33)
La Canna et al® 92 (164/179) 75(101/135) 87 (164/188) 87 (101/116)
Haque et al*® 94 (31/33) 80(8/10) 94 (31/33) 80(8/10)
Baer et al** 96 (25/26) 69 (11/16) 83(25/30) 92 (11/12)
DefFilippi et al® 97 (94/97) 75 (41/55) 87 (94/108) 93 (41/44)
Elhendy et al®® 58 (15/26) 94 (130/138) 65 (15/23) 92 (130/141)
Kostopoulos 86 (64/74) 94 (85/90) 93 (64/69) 89 (85/95)

et al*’
Cornel et al*® 89 (55/62) 82 (87/106) 74 (55/74) 93(87/94)
Sconamiglio et al® 84 (348/414) 81 (279/345) 84 (348/414) 81(279/345)
Pagano et al* 61(117/192) 63 (90/144) 68(117/171) 55 (90/165)
Baer et al*t 82(155/188) 81(177/219) 79 (155/197) 84 (177/210)
Voci et al*? 91 (NA) 93(NA) 97 (NA) 79 (NA)
Picano et al % 95 (59/62) 92 (58/63) 92 (59/64) 95 (58/61)
Elhendy et al** 71(30/42) 90 (130/144) 68 (30/44) 92 (130/142)
Cornel et al® 92 (159/173) 62 (278/449) 8(159/330) 5(278/292)
Pace et al® 52 (24/46) 87 (40/46) 80(24/30) 65 (40/62)
Sayad et al*” 89 (25/28) 3 (14/15) 96 (25/26) 82(14/17)
Sicari et al*® 82(103/126) 3 (92/99) 94 (103/110) 80(92/115)
Gunning et al®® 50(41/82) 81(101/125) 63 (41/65) 71(101/142)
Weighted mean 82(2138/2618) 9(2415/3038)  78(2138/2753) 83(2415/2893)

prospective studies in patients with chronic CAD who underwent revas-
cularization, (2) =1 of the 5 aforementioned techniques had to be eval-
uated, and (3) the results had to allow assessment of the sensitivity,
specificity, PPV, and NPV of the technique(s) tested. Studies were
excluded if they (1) evaluated =1 of the 5 aforementioned techniques in
patients who did not undergo revascularization; (2) included patients
with acute ischemic coronary syndromes (unstable angina or acute
myocardial infarction); and (3) did not allow assessment of the sensi-
tivity, specificity, PPV, and NPV to predict improvement of regional LV
function after revascularization. From the pooled data, weighted sensi-
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mean + 95% CI M Sensitivity [ Specificity
100 1
80 1
2
5 60 -
&
w 40
o
20 -
0 .
DE TI-RR TI-RI MiBI FDG
# Studies: 32 22 1 20 20
# Patients: 1090 557 301 488 598
Sensitivity P value Specificity P value
FDG vs others <0.05 DE vs others <0.05
TI-Rl vs DE, MIBI <0.05 Others vs TI-RI <0.05
TI-RR vs DE <0.05 MiBI vs TI-RR <0.05

FIG 1. The sensitivities (black bars) and specificities (white bars) of the different techniques, presented
with their 95% Cls.

tivities (test-viable segments/segments with recovery after revascular-
ization), specificities (test-nonviable segments/segments without recov-
ery after revascularization), PPV (segments with recovery after revas-
cularization/test-viable segments), and NPV (segments without
recovery after revascularization/test-nonviable segments) were calcu-
lated. The 95% confidence intervals (Cls) were also calculated (p = 1.96
X V- {p x (1-p)/n}, with p representing the fraction and n representing the
total population). The 95% Cls for the different techniques were com-
pared and differences between techniques were considered significant
(P < .05) when the 95% CIs did not overlap.

Results

A total of 850 references were identified using the different search
strategies, with only 77 articles meeting the inclusion/exclusion criteria.
The results of the pooled analysis of these 77 studies are shown in Figures
1 to 4 and are summarized in Tables 1 to 10; other details of the studies
regarding protocol, criteria of viability, and analyses are shown in Appen-
dices 1 to 5. In addition to the data from these studies, many other aspects
of the different studies are also presented.

Dobutamine echocardiography. Twenty-nine studies used DE and 3 used

Curr Probl Cardiol, February 2001 151



mean + 85% Cl i PPV E NPV

100 1
80 1
2
5 60 -
£
w 401
o
201
0 .
DE TI-RR TI-RI MIBI FDG
# Studies: 32 22 " 20 20
# Patients: 1090 557 301 488 598
PPV P value NPV P value
DE vs others <0.05 DE vs TI-RR <0.05
Others vs TI-RI <0.05 DE vs MIBI <0.05

FDG vs MIBI <0.05

FIG 2. The positive (PPV, black bars) and negative predictive values (NPV, white bars) of the different
techniques, presented with their 95% Cls.

dobutamine magnetic resonance imaging to predict functional outcome
after revascularization (total of 1090 patients; Tables 1a, 1b, 2a, and 2b). In
these studies, the mean sensitivity and specificity were 81% and 80%,
whereas the PPV and NPV were 77% and 85%. The exact protocols (infu-
sion steps, stage duration, image analysis) varied among the different stud-
ies and some of the details of each study are summarized in Appendix 1.

In 28 studies the presence of contractile reserve (improvement of wall
motion and/or thickening at low-dose DE) was used to assess myocardial
viability (1 of these studies used a combination infusion of low-dose and
dipyridamole 0.28 mg/kg over 4 minutes). Four studies used a high-dose
dobutamine protocol. With this protocol 4 response patterns of wall
motion can be observed: (1) biphasic response (initial improvement fol-
lowed by worsening of wall motion), (2) worsening (immediate deterio-
ration of wall motion without initial improvement), (3) sustained
improvement (improvement during dobutamine infusion without subse-
quent worsening), and (4) no change (unchanged wall motion abnormali-
ties during the entire test). Two studies considered the biphasic response
and worsening as indicators of viable myocardium, whereas 2 studies
considered the biphasic response as the single marker for viability.

20IT] imaging. Twenty-two studies (557 patients) in which a 2°!'TI RR
protocol were selected (Tables 3a and 3b, Appendix 2). The mean sensi-

152 Curr Probl Cardiol, February 2001



Sensitivity Specificity

mean + 95% Ci
P<0.05 P<0.05
100 1 1 1

80 1 T

60 1 T

40 -

PERCENT

20 1

0
DE Nucl DE Nucl

# Studies: 1
# Patients: 325

FIG 3. The sensitivities and specificities of dobutamine echocardiography (DE) and nuclear techniques
(Nucl) in studies that have performed a direct comparison in the same patients.

PPV NPV
mean + 95% Cl
_ P<0.05 P<0.05
100 — —
T
80 A —
=
& 60
2
w 40 7
o
20 1
0
DE Nucl DE Nucl
# Studies: 11

# Patients: 325

FIG 4. The positive (PPV) and negative predictive values (NPV) of dobutamine echocardiography (DE)
and nuclear techniques (Nucl) in studies that have performed a direct comparison in the same patients.

tivity and specificity were 86% and 59%; the mean PPV and NPV were
69% and 80%. Four studies used planar imaging, 15 SPECT, and 1 study
used planar imaging and SPECT; in 2 studies the camera system was not
described. Twenty studies used the conventional rest and 3- to 4-hour
delayed protocol; 2 studies used 24-hour delayed imaging. Two studies
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TABLE 2a. Studies that used HDDE to assess viability

Mean
No. of % Mean LVEF
Reference patients Male age (y) (%) (SD)
Afridi et al*® 20 85 60 NA
Qureshi et al*t 34 NA 61 NA
Nagueh et al*?* 19 NA 57 38 (£ 13)
Cornel et al*3 61 80 61 33 (NA)

LDDE, Low-dose dobutamine echocardiography; HDDE, high-dose dobutamine echocardiography; all other
abbreviations as in Table 1a.
*Eighteen patients underwent revascularization.

TABLE 2b. Sensitivity, specificity, PPV, and NPV for HDDE to detect functional recovery after revascularization
(134 patients, 4 studies)

Sensitivity (%)  Specificity (%) PPV (%) NPV (%)

Reference (segments) (segments) (segments) (segments)
Afridi et al*® 76 (29/38) 74 (56/76) 59 (29/49) 86 (56,/65)
Qureshi et al* 76 (32/42) 82 (87/1006) 63(32/51) 90 (87/97)
Nagueh et al*2* 68(23/34) 83(49/59) 70(23/33) 82 (49/60)
Cornel et al*®® 83(140/169) 89 (322/362) 75 (140/186) 92(322/351)
Weighted mean 79 (244/283) 85 (514/603) 70(224/319) 90 (514/573)
Weighted mean for 81(2362/2901) 80(2929/3641) 77(2362/3072) 85(2929/3466)

all DE (LDDE +

HDDE) studies

LDDE, Low-dose dobutamine echocardiography; HDDE, high-dose dobutamine echocardiography.
*Eighteen patients underwent revascularization.

used visual analysis, and the remaining 20 studies used a semiquantita-
tive approach, with 3 using normal reference values and the other stud-
ies using normalization to the segment with maximum 2°'T1 uptake.

The viability criteria were as follows: 2 studies used defect reversibility
(redistribution) as the indicator of viable myocardium, 11 studies used a
cutoff level of 2°!'T1 activity (varying from 50% to 75%) on the delayed
image, and 9 studies used the combination of reversibility, a cutoff level
of 21T activity on the delayed image, or both.

Eleven studies (301 patients) using a reinjection (RI) protocol fulfilled the
inclusion/exclusion criteria (Tables 4a and 4b, Appendix 3). The mean sensi-
tivity and specificity were 88% and 50%, and the mean PPV and NPV were
57% and 83%. All but one study used SPECT for the image acquisition. Eight
studies used the 2'T1 RI protocol, while 3 studies used a stress-RI protocol
(thus omitting the redistribution acquisition). Three studies used visual analy-
sis, and the remaining 8 studies used a semiquantitative approach, with 7 using
normalization to maximum tracer uptake and 1 using normal reference values.

The viability criteria were as follows: 4 studies used defect reversibility

154 Curr Probl Cardiol, February 2001



No. of Technique

patients No. of Segments to assess
with PTCA/ patients with RWM after
MVD CABG with Mi recovery (%) revascularization
40 100/0 55 33 Echo, 7 £ 2wk
76 82/18 56 69 Echo, >6 wk
42 89/11 58 42 Echo, >6 wk
97 0/100 97 46 RNV, 14 mo

(redistribution) as a marker of viable tissue, and 7 used the combination
of the activity on the (redistribution or) RI image and/or the presence of
reversibility as the criterium for viable tissue.

9mTe-labeled tracers. Twenty studies (488 patients) using *°™Tc-ses-
tamibi were selected (3 of these studies used *™Tc-tetrofosmin) (Tables
5a, 5b, 6a, and 6b; Appendix 4). The mean sensitivity and specificity were
81% and 66%, and the mean PPV and NPV were 71% and 77%. Three
studies used planar imaging and 17 used SPECT. Thirteen studies were
performed without the addition of nitrates; 11 of these studies used a rest-
ing study and 2 used the combination of a rest and a stress study (1-day
rest/stress and 2-day stress/rest protocol).

Seven studies were performed with the addition of nitrates (intravenous
or orally). Five studies used visual analysis and 15 used a semiquantitative
approach (with normalization to the segment with maximum tracer uptake).

The viability criteria on the 13 studies without nitrates were as follows:
1 study used reversibility (redistribution) as a marker of viable tissue, and
12 used a cutoff level of activity on the resting image (varying from 50%
to 65%). On the 7 studies with nitrates the viability criteria were
reversibility on the “nitrate image” or decrease of defect extent/severity
on the “nitrate image” in 4, activity on the “nitrate image” in 1, and a
combination of both criteria in 2 studies.

FDG PET. Twenty studies fulfilling the inclusion criteria were selected.
These studies included a total of 598 patients. The details of the studies
are presented in Tables 7a and 7b and Appendix 5. The mean sensitivity
and specificity were 93% and 58%, and the mean PPV and NPV were
71% and 86%.

The metabolic circumstances varied in the different studies. Nine stud-
ies were performed after oral glucose loading, 5 during hyperinsulinemic
euglycemic clamping, and 5 with patients in the fasting state.

Different protocols were used: 4 studies used FDG alone without a flow

Curr Probl Cardiol, February 2001 155



TABLE 3a. Studies that used rest-redistribution to assess viability

Mean
No. of % Mean LVEF

Reference patients Male age (y) (%) (SD)
Mori et al** 17 82 62 37 (£7)
Marzullo et al*” 14 79 54 39 (£7)
Udelson et al*® 18 72 67 34 (+10)
Qureshi et al*t 34 NA 61 39 (+£14)
Ragosta et al*® 21 86 64 27 (+5)
Alfieri et al*t 13 100 52 35 (£8)
Charney et al3 14 NA NA NA

Perrone-Filardi'® 18 NA NA NA

Nagueh et al*2* 19 NA 57 38 (+13)
Matsunari et al*’ 25 NA NA 42 (+8)
Cuocolo et al*® 38 92 56 39 (+9)
Bax et al*® 32 84 65 42 (+14)
Sciagra et al*® 35 94 58 36 (£8)
Marzullo et al5t 22 86 57 44 (£13)
Matsunari et al>? 14 NA 64 41(+ 8
Sciagra et al®3 29 03 60 35 (+7)
Bax et al®* 24 88 65 45 (£14)
Pace et al*® 46 96 59 40 (+11)
Senior et al'® 22 95 61 26 (+8)
Gunning et al®t 30 90 61 24 (+8)
Gunning et al® 15 93 61 23 (+8)
Sicari et al®8F 57 89 60 31 (+11)

See Table 1a for abbreviations.

*Eighteen patients underwent revascularization.
FTwenty-three patients completed the study.
FThirty patients underwent revascularization.

tracer, and the remaining studies compared the FDG data with myocardial
blood flow (assessed by '*N-ammonia in 8 studies, rubidium 82 in 2, and
201T] or #"Tc-sestamibi (SPECT tracers) in 4 studies. Absolute quantita-
tion was used in 5 studies, semiquantitative analysis in 11, and visual
analysis in 3.

The criteria for viability were a mismatch pattern in 15 studies, normal
perfusion in 5 studies, and a cutoff level of regional myocardial glucose
utilization/percentage FDG uptake in 7.

Direct comparisons between nuclear imaging and DE. A total of 18
studies, including 563 patients, performed a direct comparison between a
nuclear technique and low-dose DE (Tables 8a and 8b). In 3 studies FDG
PET was compared with DE, and in the remaining studies 2! T1 imaging
(RI protocol in 5, rest/redistribution [RR] protocol in 10) was compared
with DE (low-/high-dose protocol in 2 studies). The pooled results indi-
cate that the nuclear techniques had a higher sensitivity and NPV, whereas
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Patients No. of % of Technique to

with PTCA/ patients segments assess after
MVD (%) CABG with Mi with recovery revascularization
52 71/29 100 51 RNV, 1.5 mo
93 36/63 100 65 Echo, 11 £ 2wk
NA 33/67 100 37 Echo, 20 + 16 d
76 82/18 56 28 Echo, >6 wk
100 0/100 76 51 RNV, 64 £ 23d
NA 0/100 NA 82 Echo, 12 mo
NA 29/71 NA 61 Echo, 7 £ 3 d
NA 61/39 NA 69 Echo, 43+ 39d
42 89/11 58 42 Echo, >6 wk
NA 36/64 NA 62 RNV, 24-135 d
92 39/61 100 63 RNV/echo, 14 + 4 mo
88 31/69 91 37 Echo, 3 mo
71 54/46 100 54 Echo, 1-3 mo
91 41/59 100 56 Echo, 11 £ 2wk
NA 14/86 71 53 RNV, 8 wk
62 66/34 100 54 Echo, 1-3 mo
88 29/71 88 34 Echo, 3 mo
65 46/54 85 50 Echo, 40 £ 20 d
86 14/86 NA 70 Echo, 9 £ 1wk
100 0/100 100 40 MRI, 3-6 mo
100 0/100 100 42 MRI, 3-6 mo
89 73/27 88 56 Echo, 7 £ 3wk

DE had a higher specificity and PPV.

The analysis of the findings between nuclear imaging and DE was
repeated when the nuclear studies with a stress component (**'T1 RI stud-
ies) were deleted (because they combine information on viability and
stress-induced ischemia) and the low-/high-dose dobutamine studies were
deleted (because they also combine information on viability and stress-
induced ischemia). By restricting the analysis, the sensitivities of DE and
nuclear imaging were 74% and 90% (P < .05), and the specificities were
57% and 80% (P < 0.05, Figure 3); and the PPV of DE and nuclear imag-
ing were 84% and 75% (P < .05), respectively; and the NPV of DE and
nuclear imaging were 69% and 80% (P < .05), respectively (Figure 4).

Comparison of the techniques. The sensitivities, specificities, PPV, and
NPV with their 95% Cls for the different techniques are summarized in
Tables 9 and 10 and Figures 1 and 2. FDG PET had the highest sensitivity
(P < .05 vs other techniques), followed by the other nuclear techniques
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TABLE 3b. Sensitivity, specificity, PPV, and NPV of 2°'T| restredistribution imaging to detect improve-
ment in regional contractile function after revascularization (557 patients, 22 studies)

Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Reference (segments) (segments) (segments) (segments)
Mori et al* 44 (11/25) 88(23/26) 79 (11/14) 62 (23/37)
Marzullo et al*” 86 (42/49) 92 (24/26) 95 (42/44) 77(24/31)
Udelson et al*® 88 (15/17) 83(24/29) 75 (15/20) 92 (24/26)
Qureshi et al*t 90 (38/42) 56 (59/1006) 45 (38/85) 94 (59/63)
Ragosta et al*® 93 (81/89) 31(27/87) 57 (81/141) 77 (27/35)
Alfieri et al 2% 94 (92/98) 64 (14/22) 92 (92/100) 70 (14/20)
Charney et al'® 95 (19/20) 85(11/13) 90(19/21) 92 (11/12)
PerroneFilardi et al'® 100 (73/73) 22(8/36) 72(73/101) 00(8/8)
Nagueh et al*? 91 (42/46) 43(27/63) 54 (42/78) 87(27/31)
Matsunari et al*’ 92 (45/49) 33(10/30) 69 (45/65) 71 (10/14)
Cuocolo et al*® 94 (116/124) 48(35/73) 75 (116/154) 81(35/43)
Bax et al*® 89 (51/57) 56 (55/99) 49 (51/105) 90 (55/61)
Sciagra et al*® 70(21/30) 65 (17/26) 70 (21/30) 65 (17/26)
Marzullo et al®* 91 (50/55) 74 (37/50) 79 (50/63) 88 (37/42)
Matsunari et al>? 93 (25/27) 54 (13/24) 69 (25/36) 87 (13/15)
Sciagra et al>® 78 (90/115) 58 (57/99) 68(90/132) 70(57/82)
Bax et al* 67 (24/36) 79 (55/70) 62 (24/39) 82 (55/67)
Pace et al* 76 (35/46) 74 (34/406) 74 (35/47) 76 (34/45)
Senior et al'® 92(108/118) 78 (39/50) 91 (108/119) 80(39/49)
Gunning et al®® 72(59/82) 58(73/125) 53(59/111) 76 (73/96)
Gunning et al®® 71 (39/55) 64 (49/77) 58 (39/67) 75 (49/65)
Sicari et al®® 87(110/126) 61 (60/99) 74 (110/149) 79 (60/76)
Weighted mean 86 (1186/1379) 59 (751/1276) 69(1186/1730) 80 (751/944)

(*'T1 RR, 2°'T1 RI, MIBI), whereas DE had the lowest sensitivity (P < .05
vs other techniques, except MIBI). The highest NPV was observed for FDG
PET, followed by DE, followed by the other nuclear imaging techniques.
Specificity was highest for DE (P < .05 vs other techniques), followed by
FDG PET, 2°'TI RR, and MIBI,; the lowest specificity was observed for 2°'T1
RI (P < .05 vs other techniques). The highest PPV was observed for DE (P
< .05 vs other techniques), followed by FDG PET, °!TI RR, and MIBI, and
the lowest PPV was observed for °'T1 RI (P < .05 vs other techniques).

Discussion

The current analysis showed that the highest sensitivity was observed
for FDG PET, followed by the other nuclear imaging techniques, whereas
the lowest sensitivity was observed by DE. Specificity was highest for
DE, followed by FDG PET, ?°'Tl RR, and MIBI, whereas the lowest
specificity was observed for 2°!'T1 RI; however, the differences that were
statistically significant (Tables 9 and 10, Figure 1).

The highest NPV was observed for FDG PET, followed by DE, fol-
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lowed by the other nuclear imaging techniques. The highest PPV was
observed for DE, followed by FDG PET, ?°!'Tl RR, and MIBI, and the
lowest PPV was observed for 2°'TI RI (Tables 9 and 10, Figure 2).

In absolute figures, for all tests the NPVs and sensitivities were better
than the PPVs and specificities.

Lower PPVs and Specificities

The lower PPVs and specificities are caused by a substantial number of
“test-viable” segments that do not improve in function after revascular-
ization. There are several possible explanations for these findings:

1. Vessel or graft patency. Very few studies evaluated vessel or graft
patency by coronary angiography. Hence, restenosis, reocclusion,
or progression of disease cannot be ruled out. Viable segments
located in these territories may not recover in function despite the
presence of viable myocardium. Also, incomplete revascularization
of viable segments may have prevented viable segments from
revascularization recovery.

2. Timing of assessment of recovery of function. The majority of the
studies had only a limited follow-up; the timing of assessment of func-
tion varied from 7 days to 14 months. Very early assessment of func-
tion postoperatively may be influenced by the presence of postsurgi-
cal stunning,®® and thus prevented recovery of function. The exact
duration of postsurgical stunning is not known but has been reported
up to 7 days after coronary bypass surgery.® Therefore early assess-
ment of function after revascularization may not be theoretically ideal.
In most studies, functional outcome was evaluated within 6 months
after revascularization. Two studies, however, have demonstrated that
delayed recovery may occur up to 12 to 14 months after revascular-
ization.?'* Cornel et al** have recently studied the time course of
functional recovery after revascularization in patients with severely
depressed LV function. The patients underwent a radionuclide ven-
triculography at 3 months and 14 months after revascularization. The
LVEF improved from 32% =+ 8% to 37% + 12% at 3 months with a
further improvement to 42% + 9% at 14 months. Thus, although most
of the patients exhibit functional recovery at 3 months after revascu-
larization, a substantial additional improvement occurs late after
revascularization. It is possible that different degrees of myocardial
damage are responsible for this variation in recovery time. Severely
damaged myocardium from long-standing hibernation may need
longer time to recover in function after restoration of adequate perfu-
sion 209!
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TABLE 4a. Studies that used stress-rest-redistribution to assess viability

Mean
No. of % Mean LVEF
Reference patients Male age (y) (%) (SD)
Vanoverschelde!® 73 85 59 36 (+12)
Ohtani et al® 24 75 62 NA
Arnese et al'* 38 68 59 31 (NA)
Bax et al'® 17 82 57 36 (+11)
Tamaki et al®” 11 NA NA NA
Dilsizian et al®® 20 88 58 NA
Haque et al® 26 81 55 43 (+14)
Taki et al>® 34 88 60 49 (19
Lipiecki et al® 15 03 53 41 (+10)
Gursurer et alt 12 83 58 32 (%3
Kostopoulos et al?’ 31 84 48 41 (+06)

See Table 1a for abbreviations.

TABLE 4b. Sensitivity, specificity, PPV, and NPV of 29'T| reinjection imaging to detect improvement in
regional contractile function after revascularization (301 patients, 11 studies)

Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Reference (segments) (segments) (segments) (segments)
Vanoverschelde et al'® 80 (213/267) 47 (198/425) 48 (213/440) 79(198/252)
Ohtani et al*® 89(33/37) 50 (12/24) 73(33/45) 75(12/16)
Amnese et al** 89(34/38) 48 (63/132) 30(34/113) 94 (63/67)
Bax et al'® 93(25/27) 43 (28/65) 40 (25/62) 93(28/30)
Tamaki et al®’ 95 (38/40) 38(6/16) 79 (38/48) 75(6/8)
Dilsizian et al®® 95 (35/37) 80(8/10) 95 (35/37) 80(8/10)
Haque et al® 100(33/33) 40 (4/10) 85(33/39) 100 (4/4)
Taki et al*® 33(2/6) 72(13/18) 29(2/7) 76 (13/17)
Lipiecki et al®® 93(37/40) 66 (46/70) 61(37/61) 78 (46/59)
GursUrer et al®* 99 (80/81) 16 (3/19) 83(80/96) 75(3/4)
Kostopoulos et al*’ 91(67/74) 69 (62/90) 71 (67/95) 90 (62/69)
Weighted mean 88 (597,/680) 50 (443/879) 57 (597/1043) 83(443/536)

3. Myocardial ischemia/injury during the study. Injury or ischemia
during the study period may affect improvement of function after
revascularization. All studies excluded patients with a recent
myocardial infarction or an episode of unstable angina (mostly
within 1 month) before inclusion in the study protocol. Further-
more, nearly all studies have excluded patients with myocardial
infarction during the revascularization, and the patients with an
event before functional follow-up were also excluded. Still,
ischemia (or necrosis) before, during, or after revascularization may
have occurred and may have resulted in failure of improvement in
function of viable segments. Also, the duration of existence of
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Technique

% of to assess
% Patients PTCA/ % Patients segments RWM after
with MVD CABG with MI with recovery revascularization
79 30/70 68 38 RNV/Echo, 5.5 £ 2.5 mo
100 0/100 58 61 RNV, 4-8 wk
92 0/100 100 22 Echo, 3 mo
100 0/100 100 29 Echo, 3 mo
NA 0/100 NA 71 RNV, NA
61 100/0 NA 57 RNV, 3-6 mo
56 96/4 88 77 Echo, 3 mo
44 68/32 41 75 Echo/RNV, 18 £ 10 d
0 100/0 100 42 RNV, 2 mo
100 0/100 100 81 RNV, 8 wk
NA 39/61 100 45 Echo, 97 £ 12d

hibernation before the revascularization may influence outcome. It
was originally postulated that that necrosis could occur if an unfa-
vorable balance between myocardial oxygen supply/need occurred
after onset of hibernation.”> Thus those with longer duration of
hibernation may have areas of necrosis that will not recover after
revascularization. Schwarz et al®® have demonstrated that postoper-
ative recovery was more favorable in patients with a short history of
hibernation compared with patients with chronic hibernation.

4. Severity of remodeling before revascularization. It is plausible that
the presence of severe remodeling or ventricular dilatation before
revascularization does not allow recovery of function after revascular-
ization, even if viable tissue is present. Currently, no data are available
to substantiate this hypothesis. Gerber et al,** however, have demon-
strated that patients with recovery of function after revascularization
had significantly lower end-systolic and end-diastolic volumes.

5. Improvement of resting function versus stress function. Nearly all
currently available studies have used improvement of resting LV
function as the endpoint after revascularization. Although resting
dysfunction may not improve in all patients with viable tissue,
Afridi et al®® showed that some of these patients had alleviation of
stress-inducible ischemia after revascularization, which is not sur-
prising. However, for assessment of improvement of LV dysfunc-
tion that is present at rest, only improvement at rest should be used.

6. Impact of subendocardial scar. Most techniques have been shown
to be less accurate in segments with hypokinesia.!®*> Many hypoki-
netic segments may represent a mixture of normal, viable epicardial
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TABLE 5a. “""Tc-sestamibi scintigraphy studies without the addition of nitrates to assess viability

Mean
No. of % Mean LVEF
Reference patients Male age (y) (%) (SD)
Marzullo et al>* 22 86 57 44 (£13)
Marzullo et al” 14 79 54 39 (+7)
Gonzalez et al®? 36 89 57 52 (+15)
Marzullo et al®3 14 93 55 43 (£9)
Maes et al®* 23 NA NA 40 (+13)
Udelson et al*® 18 72 67 34 (+10)
Maublant et al®® 25 92 62 52 (+15)
Matsunari et al*"* 25 NA NA 42 (+8)
Dakik et al®® 21 90 63 41 (£13)
Lipiecki et al®® 15 93 53 41 (+10)
Levine et al™® 50 76 61 39 (+12)
Gunning et al3* 30 90 61 24 (+8)
Gunning et al®%* 15 93 61 23 (+8)

CV, Contrast ventriculography; all other abbreviations as in Table 1a.
*99mTe-tetrofosmin instead of 9°™Tc-sestamibi

tRecovery was defined as improvement of wall motion and/or perfusion.
FTwenty-three patients completed the study.

TABLE 5b. Sensitivity, specificity, PPV, and NPV for ?°"Tc-sestamibi scintigraphy without the addition of
nitrates to detect functional recovery after revascularization (308 patient, 13 studies)

Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Reference (segments) (segments) (segments) (segments)
Marzullo et al>* 73 (40/55) 54 (27/50) 63 (40/63) 64 (27/42)
Marzullo et al*’ 75 (37/49) 84 (22/26) 90 (37/41) 65 (22/34)
Gonzalez et al®? 80(30/39) 35(18/51) 48 (30/63) 67 (18/27)
Marzullo et al®® 83(35/42) 68 (21/31) 78 (35/45) 75(21/28)
Maes et al®* 92(12/13) 60 (6/10) 75(12/16) 86 (6/7)
Udelson et al* 94 (16/17) 86 (25/29) 80 (16/20) 96 (25/26)
Maublant et al®® 100 (21/21) 67 (4/6) 91(21/23) 100 (4/4)
Matsunari et al*’ 96 (47/49) 30(9/30) 69 (47/68) 82(9/11)
Dakik et al®® 82 (45/55) 50 (15/30) 75 (45/60) 60 (15/25)
Lipiecki et al® 65 (24/37) 59 (41/70) 45 (24/53) 76 (41/54)
Levine et al™ 95 (91/96) 56 (5/9) 96 (91/95) 50 (5/10)
Gunning et al®® 63 (52/82) 62 (78/125) 53 (52/99) 72 (78/108)
Gunning et al*® 62 (34/55) 61 (47/77) 53(34/64) 69 (47/68)
Weighted mean 79 (484/610) 58 (318/544) 68 (484/710) 72 (318/444)

tissue and subendocardial necrosis.’> Most techniques identify these
segments as viable myocardium. Although these segments are
indeed viable, all of them will not recover in function after revas-
cularization, because the dysfunction may be related to the presence
of subendocardial necrosis.” This observation emphasizes (1) that
the terms viability and recovery of function are not interchangeable,
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Technique

to assess
% Patients PTCA/ % Patients % Segments RWM after
with MVD CABG with Mi with recovery revascularization
91 41/59 100 56 Echo, 11 £ 2wk
93 36/64 100 65 Echo, 11 + 2wk
72 50/50 86 43 Echo, 28 £ 167 d
93 36/64 100 57 Echo, 12 + 2wk
NA 0/100 NA 57 RNV, 3 mo
NA 33/67 100 37 Echo, 20 £ 16 d
60 44/56 NA 78 CV,90+3d
NA 36/64 NA 62 RNV, 24-135d
100 0/100 86 65 RNV, 6-8 wk
0 100/0 100 42 RNV, 2 mo
NA NA 78 91f Gated SPECT, 1-6 wk
100 0/100 100 40 MRI, 36 mo
100 0/100 100 42 MRI, 3-6 mo

(2) that normal myocardium contracting normally is also viable, and
(3) that the important issue in hibernating myocardium is LV
myocardial areas dysfunctional at rest that are viable and will
recover after revascularization.

Features of Different Viability Tests

The current study aimed at comparing the predictive accuracies of the
different viability tests. As stated previously, the NPV of all techniques is
“good” and is mostly comparable. In contrast, the PPVs of the techniques
are somewhat lower; several reasons concerning all techniques are dis-
cussed in the previous text. FDG PET, 2!TI RR, *™Tc-sestamibi, and DE
had a significantly higher PPV compared with 2°!T1. Although the current
analysis aimed at comparing the different techniques by pooling the
results per technique, the analysis revealed the many differences and
nonuniformity of the studies, which makes comparisons difficult.? A few
features of each technique are discussed in the following sections.

Dobutamine echocardiography. The presence of contractile reserve
during stimulation with low-dose dobutamine is considered the hallmark
of viable myocardium with DE. Many studies have demonstrated that this
technique can predict functional recovery after revascularization. Afridi et
al** have shown that the use of a low- and high-dose dobutamine protocol
may more accurately predict functional outcome. However, Tables 1a and
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TABLE 6a. *""Tc-sestamibi scintigraphy with the addition of nitrates to defect functional recovery
after revascularization (180 patients, 7 studies)

Mean
No. of % Mean LVEF
Reference Patients Male age (y) (%) (SD)
Maurea et al®” 8 NA NA NA
Bisi et al®® 19 89 57 35 (£10)
Bisi et al®® 28 86 57 36 (£10)
Greco et al™® 23 100 57 39
Liet al™ 27 96 53 35 (£14)
Schneider et al’2* 40 93 58 54 (+12)
Sciagra et al® 35 94 58 36 (£8)

See Table 1a for abbreviations.
*Thirty-one patients with adequate revascularization.

TABLE 6b. Sensitivity, specificity, PPV, and NPV for **"Tc-sestamibi scintigraphy with the addition of
nitrates to detect functional recovery after revascularization (180 patients, 7 studies)

Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Reference (segments) (segments) (segments) (segments)
Maurea et al®” 88 (22/25) 89 (24/27) 88 (22/25) 89 (24/27)
Bisi et al®® 91 (10/11) 88(30/34) 71(10/14) 97 (30/31)
Bisi et al®® 95 (18/19) 88 (22/25) 86 (18/21) 96 (22/23)
Greco et al™® 86 (12/14) 56 (5/9) 75 (12/16) 71 (5/7)
Lietal™ 83 (80/96) 81 (83/102) 81 (80/99) 84 (83/99)
Schneider et al™ 95 (18/19) 83(10/12) 90 (18/20) 91 (10/11)
Sciagra et al®° 77 (23/30) 77 (20/26) 79 (23/29) 74 (20/27)
Weighted mean 86 (183/214) 83(194/235) 82 (183/224) 86 (194/225)
Total MIBI 81 (667/824) 66 (512/779) 71 (667/934) 77 (512/669)

1b, which represent the low-dose studies and the low-high dose studies,
show the NPV of the high-dose protocol is better than the low-dose pro-
tocol (90% vs 83%) but the opposite is true for the PPV (70% vs 77%).
The main advantage of the high-dose protocol is the opportunity to
evaluate viability and stress-induced ischemia during the same test.
The safety of the high-dose protocol in patients with severely
depressed LV function has been reported’®; however, adverse effects
have been reported in a few patients.”> Important disadvantages of DE
are the subjective analysis of the test and the number of patients with
an inadequate acoustic window.

20IT] imaging. Thallium 201 is a potassium analogue and its retention is
dependent on integrity of the cell membrane (and thus viability).”” Among
all different 2°'T1 protocols that are currently available, 2 protocols have
been used extensively: 2! Tl RI and 2°'Tl RR imaging.” The main differ-
ence between these 2 approaches is that the RI protocol provides infor-
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Technique

Segments to assess

% Patients PTCA/ % Patients with RWM after
with MVD CABG with Mi recovery (%) revascularization

NA 25/75 100 48 Echo, 5+ 3 mo

84 21/79 100 24 Echo, 1-3 mo

61 36/64 100 43 RNV, 1-3 mo

100 0/100 100 61 Echo, 4-6 mo

15 0/100 100 48 RNV, 15 d

60 50/50 100 61 RNV, 4 mo

71 54/46 100 54 Echo, 1-3 mo

mation on both stress-induced ischemia and viability, whereas the RR
protocol provides information only on viability.’

Most of the studies used SPECT, although some studies were performed
with planar imaging. The SPECT systems provide better image contrast
and superior evaluation of the inferior wall. The viability criteria that
were predominantly used included defect reversibility and a cutoff level
of 2°'T1 activity on the redistribution or RI images.” The relatively lower
PPV of the %'Tl protocols (particularly the 2°'T1 RI protocol) may be
caused by the use of these cutoff levels.>*8%° A segment with > 50% ' Tl
activity on the redistribution or RI images may represent an area of hiber-
nation, stress-induced ischemia, or subendocardial necrosis. In the situa-
tion of hibernation, recovery of resting LV dysfunction can be anticipated
after revascularization, whereas in the other situations this will not occur.
Recent data have demonstrated that reversibility on both RI* and RR3
imaging improved the predictive accuracy of these techniques.

9mTc-labeled agents. Retention of **™Tc-sestamibi is dependent on
intactness of the mitochondria.!® Most studies used SPECT and a rest
protocol. To assess viability on these resting images, different cutoff lev-
els are used, varying from 35% to 65%. Similar to 2°! Tl imaging, the PPV
is lower when these activity levels are used (Table 4a, PPV 68%). Again,
these cutoff levels cannot differentiate between hibernating myocardium
and areas of subendocardial necrosis. Another aspect is the influence of
attenuation. Recent data have shown that either attenuation correction!'®!
or the use of different cutoff levels for different myocardial regions’
improved the accuracy to predict functional outcome.

Another approach to improve the accuracy of *™Tc-sestamibi is the addi-
tion of nitrates (to enhance resting perfusion in the area of a severely stenosed
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TABLE 7a. FDG PET studies for assessment of viability

Mean
No. of % Mean LVEF
Reference Patients Male age (y) (%) (SD)
Marwick et al 16 88 NA NA
Gerber et al'? 39 87 60 33 (+10)
Tamaki et al™ 22 91 57 NA
Gropler et al™® 34 76 60 NA
Maes et al®* 23 NA NA 41 (+13)
Tamaki et al’® 43 95 58 41 (NA)
Knuuti et al”” 48 96 54 53 (+11)
Baer et al** 42 90 59 40 (+13)
Lucignani et al’® 14 86 61 38 (£5)
Carrel et al™ 23 91 56 34 (+14)
Tillisch et al® 17 94 NA 32 (+14)
Tamaki et al>” 11 NA NA NA
Wolpers et ald'* 30 NA 55 43 (+12)
Paolini et al®? 9 NA 58 27 (£5)
Pagano et al®® 30 87 57 25 (+7)
Fath-Ordoubadi et al83 47 91 60 32 (+13)
Pagano et al® 35 89 58 23 (£7)
Vom Dahl et al® 37 90 59 34 (£10)
Vom Danhl et al®® 52 92 56 47 (£10)
Kitsiou et al®” 26 88 59 31 (8

CV, Contrast ventriculography; other abbreviations as in Table 1a.
*Seven patients studied <4 weeks after MI.

artery) and use the redistribution on the “nitrate-enhanced” image (compared
with the rest image) as the marker of viable myocardium (Table 4b).

FDG PET. FDG imaging allows noninvasive assessment of glucose
uptake in the myocardium. First, the metabolic circumstances varied
between the studies. In the fasting situation, FDG is taken up mainly by
ischemic myocardium.'”? The other areas (both normal and scar tissue) do
not take up FDG. This type of FDG imaging is also referred to as “hot-
spot” imaging.!%2 Oral glucose loading stimulates FDG uptake in both nor-
mal myocardium and in viable, jeopardized myocardium.!® Disadvan-
tages of this approach are the fluctuations in metabolic milieu,'™ the
heterogenous FDG uptake in the different regions of the myocardium,'%
and the poor image quality obtained in patients with diabetes mellitus.!%
The hyperinsulinemic euglycemic clamp has been introduced to overcome
these problems.!% This approach yields stable metabolic conditions,
homogenous FDG uptake, and high-quality images in all subsets of
patients.!® Second, various protocols, analyses, and viability criteria were
used. The majority of the studies compared regional FDG uptake with per-
fusion. Although most studies used '*N-ammonia to assess regional perfu-
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Technique

% Segments to assess
% Patients PTCA/ % Patients with RWM after
with MVD CABG with Mi recovery revascularization
44 56/44 100 41 Echo, 5+ 2 mo
85 0/100 59 62 Echo, 5+ 1.9 mo
NA 0/100 77 50 RNV, 57 wk
76 29/71 62 40 Echo/RNV, 2 mo
NA 0/100 NA 52 RNV, 3 mo
NA 44/56 100 39 CV/RNV, 4-8 wk
85 23/77 100 30 Echo, 3 wk-6 mo
74 48/52 100 62 Echo, 4-6 mo
93 0/100 NA 74 RNV, NA
NA 0/100 100 74 Echo, 3 mo
NA 0/100 94 55 CV/RNV, 318 wk
NA 0/100 NA 71 RNV, NA
53 0/100 100 57 CV/echo, 6.9 mo
100 0/100 100 65 RNV, 4 mo
100 0/100 100 57 Echo, 6 mo
NA 0/100 100 60 RNV, 4-6 mo
100 0/100 100 57 RNV, 6 mo
100 0/100 73 NA RNV, 13 £ 13wk
69 54/46 76 38 CV,5+£2mo
77 38/62 NA 57 MRI/RNV, 5.5 = 8.8 mo

sion, others have used rubidium 82 or SPECT tracers (*°'TI or **™Tc-ses-
tamibi). Other studies used FDG in isolation. Various viability criteria
were used: the perfusion-FDG mismatch, normal perfusion, normalized
FDG uptake, and quantitative assessment of glucose utilization. Most of
the analyses used a semiquantitative approach, some used absolute quan-
tification of glucose utilization and perfusion, and some used a visual
analysis.

Nuclear Imaging Versus DE

The highest specificity is obtained with DE, whereas higher sensitivities
are obtained with nuclear imaging techniques (Figure 1, Table 9). The
data from the pooled analysis show that DE has the highest PPV, whereas
the highest NPV is obtained with FDG PET (Figure 2, Table 9). It may be
more correct, however, to evaluate the studies that have compared some
form of nuclear imaging with DE in the same patients. This analysis (Fig-
ures 3 and 4, Tables 8 and 8a) confirmed the higher PPV/specificity of DE
and the higher NPV/sensitivity of the scintigraphic studies. These find-
ings implicate that nuclear imaging tends to overestimate functional
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TABLE 7b. Sensitivity, specificity, PPV, and NPV of FDG PET to detect improvement in regional contrac-

tile function after revascularization (598 patients, 20 studies)

Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Reference (segments) (segments) (segments) (segments)
Marwick et al”® 71 (25/35) 6 (38/50) 68 (25/37) 79 (38/48)
Gerber et al? 75 (18/24) 7 (10/15) 8(18/23) 63 (10/16)
Tamaki et al™ 78 (18/23) 8(18/23) 8(18/23) 78 (18/23)
Gropler et al™ 83 (38/46) 0 (35/70) 52(38/73) 81 (35/43)
Maes et al® 83(10/12) 1(10/11) 91 (10/11) 83(10/12)
Tamaki et al’® 88 (45/51) 2 (65/79) 6 (45/59) 92 (65/71)
Knuuti et al”” 92 (23/25) 85 (50/59) 2(23/32) 96 (50/52)
Baer et al?* 92 (24/26) 88 (14/16) 92 (24/26) 88 (14/16)
Lucignani et al’® 93 (37/40) 6 (12/14) 95 (37/39) 80 (12/15)
Carrel™ 94 (16/17) 0 (3/6) 84 (16/19) 75 (3/4)
Tillisch et al®® 95 (35/37) 0 (24/30) 85 (35/41) 92 (24/26)
Tamaki et al®’ 100 (40/40) 38(6/16) 80 (40/50) 38(6/16)
Wolpers et al®! NA NA 90 (NA) 85 (NA)
Paolini et al®2 88 (23/26) 79 (11/14) 88 (23/26) 79 (11/14)
Pagano et al®® 99 (190/192) 33 (48/144) 66 (190/286) 96 (48/50)
Fath-Ordoubadi®? 81 (NA) 88 (NA) 82 (NA) 88 (NA)
Pagano et al®* 99 (190/192) 33(48/144) 56 (190/286) 96 (48/50)
Vom Dahl et al®® NA NA 4886 (NA)* 84-100 (NA)*
Vom Dahl et al®® 90 (19/21) 74 (25/34) 68 (19/28) 93 (25/27)
Kitsiou et al®” NA NA 78 (NA) 82 (NA)
Weighted mean 93 (751/807) 58 (417/725) 71(751-1059) 86 (417/483)

*PPV and NPV varied according to different viability criteria used.

recovery, whereas DE tends to underestimate functional recovery. It has
been demonstrated that a substantial number of segments that are nonvi-
able on DE (ie, lack of contractile reserve) are viable by nuclear imag-
ing 197198 Pogsibly these segments were more damaged; recent data have
indeed shown that segments with viability on FDG PET without contrac-
tile reserve have more severe ultrastructural damage when compared with

“FDG PET-viable segments” with contractile reserve.

Unresolved Issues

109,110

Considering the available studies, several issues remain to be elucidated:

1. The majority of the studies have focused on patients with a LVEF
> 35%, whereas viability assessment is also important in patients
with more severely depressed LVEF (< 35% and < 20%).

2. Besides prediction of improvement of regional function, larger
studies with the different techniques focusing on the prediction of
improvement of global LV function are needed.

3. A few studies have emphasized that the extent of viability (the
number of viable segments) determines the magnitude of improve-
ment of LVEF after revascularization *6-8084111-113 Thig needs to be

168

Curr Probl Cardiol, February 2001



TABLE 8a. Sensitivity and specificity of the studies performing direct comparisons between nuclear

imaging and dobutamine echocardiography (563 patients, 18 studies)

Sensitivity (%)

Sensitivity (%)

Specificity (%) Specificity (%)

(segments) (segments) (segments) (segments)
Reference Nuclear DE Nuclear DE
Gerber et al*? 75 (18/24) 1(17/24) 67 (10/15) 9 (13/15)
Baer et al* 92 (24/26) 6 (25/26) 88 (14/16) 69 (11/16)
Pagano et al®® 99 (190/192) 1(117/192) 33 (48/144) 3 (90/144)
Vanoverschelde et al'® 80 (213/267) 9(211/267) 47 (198/425) 80 (340/425)
Arnese et al* 89 (34/38) 4 (28/38) 48 (63/132) 96 (127/132)
Bax et al'® 93 (25/27) 5 (23/27) 43 (28/65) 63 (41/65)
Haque et al*3 100 (33/33) 4 (31/33) 40 (4/10) 0 (8/10)
Kostopoulos et al?” 91 (67/74) 86 (64/74) 69 (62/74) 4 (85/90)
Marzullo et al'” 86 (42/49) 2 (40/49) 92 (24/26) 4 (24,/26)
Qureshi et al*t 90 (38/42) 6(32/42) 56 (59/106) 2 (87/106)
Alfieri et al* 94 (92/98) 1 (85/93) 64 (14/22) 78 (25/32)
Perrone-Filardit® 100 (73/73) 9 (58/73) 22 (8/36) 3 (30/36)
Charney et al'? 95 (19/20) 1(22/31) 85(11/13) 3 (25/26)
Nagueh et al*? 91 (42/46) 8 (23/34) 43 (27/63) 3 (49/59)
Pace et al*® 76 (35/46) 2 (24/46) 74 (34/46) 7 (40/46)
Senior et al'® 92 (108/118) 87 (103/118) 8 (39/50) 82 (41/65)
Sicari et al*® 87 (110/126) 82 (103/126) 1 (60/99) 93 (92/99)
Gunning et al*® 72 (59/82) 50 (41/82) 58 (73/125) 81 (101/125)
Weighted mean 88(1222/1381) 76(1047/1375) 53 (776/1467) 81 (1229/1518)

further evaluated.

4. The discrepancy in viability assessment between nuclear imaging
and DE needs to be resolved; and an important direction from a
clinical viewpoint is to assess whether combination of these tests

improves the accuracy.

5. Will the combination of tests improve the sensitivity, specificity,

and predictive accuracies?

6. Several retrospective analyses have recently shown that patients with
viable myocardium who were treated medically, had an unfavorable

outcome.!14-118

Both studies with nuclear imaging and DE have con-

sistently demonstrated that this group of patients had a very high event
rate.!'*118 Therefore the endpoint to determine the clinical value of via-
bility assessment should perhaps also evaluate long-term prognosis.'!’
Thus far, there are no prospective studies concerning this issue.

7. Prospective randomized trials are needed to evaluate whether
optimal medical therapy (by year 2000 standards) plus revascular-
ization is superior to optimal medical therapy (by year 2000 stan-

dards).

Limitations of Pooled Analysis
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TABLE 8b. PPV and NPV of the studies performing direct comparisons between nuclear imaging and
dobutamine echocardiography (563 patients, 18 studies)

PPV (%)

No. of (segments)
Reference Patients Techniques Nuclear
Gerber et al’? 39 FDG PET/LDDE 78 (18/23)
Baer et al** 42 FDG PET/LDDE 92 (24/206)
Pagano et al®® 30 FDG PET/LDDE 66 (190/286)
Vanoverschelde et al'® 73 201T| R|/LDDE 48 (213/440)
Arnese et al'4 38 201T| RI/LDDE 30 (34/113)
Bax et al'® 17 201T| RI/LDDE 40 (25/62)
Haque et al®® 26 201T| RI/LDDE 85 (33/39)
Kostopoulos et al?” 31 2017| RI/LDDE 71 (67/95)
Marzullo et al*’ 14 2017 RR/LDDE 95 (42/44)
Qureshi et al** 34 201T] RR/HDDE 45 (38/85)
Alfieri et al*t 13 2017| RR/LDDE 92 (92/100)
Perrone-Filardi'® 18 2017 RR/LDDE 72 (73/101)
Charney et al'® 14 2017 RR/LDDE 90 (19/21)
Nagueh et al*?* 19 201T] RR/HDDE 54 (42/78)
Pace et al®® 46 2017 RR/LDDE 74 (35/47)
Senior et al'® 22 2017T| RR/LDDE 91 (108/119)
Sicari et al®®t 57 201T|] RR/LDDE 74 (110/149)
Gunning et al®®f§ 30 2017| RR/LDDE 53(59/111)
Weighted mean 63 (1222/1939)

LDDE, Low-dose dobutamine echocardiography.

*Eighteen patients underwent revascularization.

FThirty patients underwent revascularization.
FTwenty-three patients completed the study.

§Magnetic resonance imaging instead of echocardiography.

TABLE 9. Sensitivity, specificity, PPV, and NPV for the different techniques from the available studies

No. of No. of
Studies Patients

Dobutamine echo (LDDE + HDDE) 32 1090
2017] rest-redistribution 22 557
2017] reinjection 11 301
9°mTc-based tracers 20 488
FDG PET 20 598
Direct comparison of DE and nuclear

DE 11 325

Nuclear 11 325

LDDE, Low-dose dobutamine echocardiography; HDDE, high-dose dobutamine echocardiography.

Pooling the data to arrive at the mean sensitivities, specificities, and pre-
dictive values for the various tests has its limitations. Although the data
are pooled according to the various techniques, the major shortcoming of
pooling the data is the enormous heterogeneity in patient selection, per-
formance of studies, data acquisition, time of analyses after revascular-
ization, and data analysis. Moreover, patients excluded from the study are
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PPV (%) NPV (%) NPV (%)
(segments) (segments) (segments)
DE Nuclear DE
89 (17/19) 63 (10/16) 65 (13/20)
83(25/30) 88 (14/16) 92 (11/12)
68 (117/171) 96 (48/50) 55 (90/165)
71(211/296) 79 (198/252) 86 (340/396)
85 (28/33) 94 (63/67) 93 (127/137)
49 (23/47) 93 (28/30) 91 (41/45)
94 (31/33) 100 (4/4) 80 (8/10)
93 (64/69) 90 (62/69) 89 (85/95)
95 (40/42) 77 (24/31) 73(24/33)
63 (32/51) 94 (59/63) 90 (87/97)
92 (85/92) 70 (14/20) 76 (25/33)
91 (58/64) 100 (8/8) 67 (30/45)
92 (22/24) 92(11/12) 74 (25/34)
70(23/33) 87 (27/31) 82 (49/60)
80 (24/30) 76 (34/45) 65 (40/62)
92 (103/112) 80 (39/49) 73 (41/56)
94 (103/110) 79 (60/76) 80 (92/115)
63 (41/65) 76 (73/96) 71(101/142)
79 (1047/1321) 83 (776/935) 79 (1229/1557)
Sensitivity Specificity PPV Mean NPV Mean
Mean (95% CI) Mean (95% CI) (95% ClI) (95% ClI)
81 (80-82) 80 (7981) 77 (76-78) 85 (84-86)
86 (84-88) 59 (5662) 69 (67-71) 80 (77-83)
88 (86-90) 50 (47-53) 57 (54-60) 83 (80-86)
81 (78-84) 66 (63-69) 71 (6874) 77 (74-80)
93 (91:95) 58 (54-62) 71 (6874) 86 (83-89)
T4 (71-77) 78 (7581) 84 (81-87) 69 (65-73)
90 (8892) 57 (5360) 75 (72-78) 80 (76:84)

usually not given. Concerning the patient selection, it is interesting to
observe from Tables 1 and 7 the differences in the study populations, in
terms of LVEF, incidence of recovery of function, time to assess recovery
of function after revascularization, and so on. Moreover, the Appendices
1 to 5 demonstrate the variations (per technique) concerning the data

acquisition and data analysis.
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TABLE 10. P values for the differences between the various tests shown in Table 9

Variable P value
Sensitivity

FDG vs others <.05

201T| R| vs DE, MIBI <.05

201T| Rl vs DE <.05
Specificity

DE vs others <.05

Others vs 2°1TI RI <.05

MIBI vs 21T RR <.05
PPV

DE vs others <.05

Others vs 2°1TI RI <.05
NPV

DE vs 2°'TI RR <.05

DE vs MIBI <.05

FDG vs MIBI <.05
Conclusion

The current analysis demonstrated that all techniques have a higher
NPV/sensitivity compared with their PPV/specificity. Both pooled analy-
ses of all available data and direct comparisons demonstrated that higher
sensitivities/NPVs are obtained with nuclear imaging, whereas higher
specificities/PPVs are obtained with DE.

Addendum

Recently Kim et al'?* have reported on the results of gadolinium-
enhanced MRI for diagnosis of hibernating myocardium. The PPV and
NPV were 71% and 79%, respectively, but only for kinetic and dyskinetic
segments; the PPV and NPV were 88% and 89%, respectively.!?0:121

G. A. Beller: The authors have provided a superb review of the literature regard-
ing the sensitivity, specificity, and predictive accuracy of the various noninvasive
techniques for assessing myocardial viability and have compiled the most com-
prehensive pooled analysis to date. They clearly show that the enhanced sensi-
tivity but lower specificity of the nuclear techniques compared to DE for predict-
ing improved regional function after revascularization. The bottom line is that both
approaches yield a comparable overall accuracy and that physicians should select
the test that is performed with the highest quality in their local institutions or
regions. Another emerging technique for viability assessment not reviewed is con-
trast-enhanced cine magnetic resonance imaging (Kim et al. N Engl J Med
2000;343:1445-53), which permits the quantitation of the transmural extent of
myocardial scar by using the extent of delayed “hyperenhancement” as the vari-
able reflective of myocardial scar.
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It is interesting to speculate, as the authors have done, why certain segments
show preoperative viability by the nuclear technique but do not show improved sys-
tolic thickening after revascularization. This occurrence is most likely caused by a
limited subendocardial scar (eg, 25% fibrosis from endocardium surface to edge
of epicardium). Such segments would show >50% uptake of TI-201 but would not
show functional improvement after revascularization because of the dependence
of transmural thickening on subendocardial viability (Edwards et al. Am J Physiol
1992;62[2 pt 2]:H568-76).

Finally, we need long-term outcomes studies in which preoperative viability
assessments are related to subsequent mortality and morbidity (eg, heart failure)
rather than simply to subsequent changes in regional or global LV function.
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APPENDIX 1 Summary of protocols and viability criteria used in the dobutamine echo studies

Protocol-dose Stage
of dobutamine duration Viability
Reference (ug/kg/min) (min) criteria Analysis
Gerber et al'? 5,10 3 TWM/T Dig, cine
Charney et al*3 5,10 4 TWM/T Vid
Arnese et al'4 5, 10, 20, 3 TWM/T at Dig, cine
40, A low dose
Perrone-Filardi et al'® 5,10 5 TWM/T at Dig, cine
low dose
Vanoverschelde et all® 540 3 TWM/T at Dig, cine
low dose
Marzullo et al*” 5, 10 5 WM Vid
Bax et al'® 5,10 5 WM Dig, cine
Senior et all® 5,10 5 WM Dig, cine
Perrone-Filardi et al?® 5,10 5 TWM/T Vid
Alfieri et al®* 5,10 5 TWM/T Vid
La Canna et al?? 5,10 5 TWM/T Dig, cine
Haque et al® A, 4,8, 4 TWM/T at Dig, cine
12, 20 any dose
Baer et al** 5, 1 5 TWM/T Dig, cine
DeFilippi et al®® 5, 10, 3 TWM/T at Dig, cine
15, 20 any dose
Elhendy et al®® 5, 10, 20, 3 TWM/T at Dig, cine
30, 40, A low dose
Kostopoulos et al?” 5,10 5 TWM/T Vid
Cornel et al?® 5,10 5 TWM/T Dig, cine
Scognamiglio et al?® 5, 10 5 TWM/T Dig, cine
Pagano et al® 5,10 5 TWM/T vid
Baer et al3'* 10 5 tWall thickening, Dig, cine
Q
Voci et al®? 5 5 tWall thickening, Vid
Q
Picano et al33t 5,10 3 TWM/T Vid
Elhendy et al®* 5, 10, 20, 3 TWM/T at Dig, cine
30, 40, A low-dose
Cornel et al®® 5,10 5 TWM/T Dig, cine
Pace et al®® 5,10 5 TWM/T Vid
Sayad et al®7* 5,10 6 1Systolic wall Dig, cine
thickness
Sicari et al3® 5, 10 3 TWM Vid
Gunning et al3%* 5,10 NA 1 Systolic wall Dig, cine
thickness
Afridi et al® 25,5, 7.5, 10, 3 Biphasic Dig, cine
20, 30, 40 response/
worsening
Qureshi et al*t 2.5,5,7.5, 10, 3 Biphasic Dig, cine
20, 30, 40 response/
worsening
Nagueh et al*? 2.5,5,7.5, 10, 3 Biphasic Dig, cine
20, 30, 40 response
Cornel et al*3 5, 10, 20, 5 Biphasic Dig, cine
30, 40, A response

A, Atropine; NA, not available; WM, wall motion; T, thickening; Q, quantitative; dig, digitized; cine, cine loop;

vid, videotape.

*Magnetic resonance imaging instead of echocardiography
TWith the addition of dipyridamole.
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APPENDIX 2 Summary of equipment, protocols, analyses, and viability criteria used in the 20'Tl

rest-redistribution studies

Viability
Reference Equipment Protocol criteria Analysis
Mori et al** Planar RR Rev SQ (NTM 201T] uptake)
Marzullo et al” Planar RR Act late SQ (NTM 2°1T] uptake)
(=55%)
Udelson*® SPECT RR Act late SQ (CP, NTM 201T]
(=60%) uptake)
Qureshi et al* SPECT RR Act late SQ (NTM 201T| uptake)
(=60%)
Ragosta et al*® Planar RR Act late SQ (NTM 2°1T] uptake)
(=50%), rev
Alfieri et al*t NA RR Rev NA
Charney et al*® SPECT R (24 h)}R Act late Visual analysis
Perrone-Firaldi SPECT R (3-to4h Act late (= 50%), SQ (NTM 2°1T| uptake)
et al*® and 24-h)-R rev (=12%)
Nagueh et al*? SPECT RR Act (=60%) SQ (NTM 201T| uptake)
Matsunari et al*”  SPECT RR Act (=55%), SQ (CP, NTM 201T]
rev (=10%) uptake)
Cuocolo et al*® SPECT RR Act (=50%), SQ (CP, NTM 201T]
rev (=10%) uptake/normals)
Bax et al*® SPECT RR Act (=75%), SQ (CP, NTM 201T]
rev (=5%) uptake/normals)
Sciagra et al®° SPECT RR Act (>65%) SQ (CP, NTM 201T|
uptake)
Marzullo et al®! Planar RR Act (=55%) SQ (NTM 2°1T| uptake)
Matsunari et al®2  SPECT RR Act (>60%), SQ (CP, NTM 201T]
rev (=10%) uptake)
Sciagra et al®3 SPECT RR Act (=60%), SQ (CP, NTM 2017
rev (>10%) uptake)
Bax et al>* SPECT RR Act (=75%), SQ (CP, NTM 201T]
rev (=5%) uptake/normals)
Pace et al®® SPECT RR Act (=65%), SQ (NTM 2°1T| uptake)
rev (=12%)
Senior et al'® Planar/SPECT  RR Act late Visual analysis
Gunning et al®® SPECT RR Act late SQ (NTM 201T| uptake)
(=60%)
Gunning et al®® SPECT RR Act late SQ (NTM 2°1T] uptake)
(=55%)
Sicari et al® NA RR Act late SQ (NTM 201T] uptake)
(=55%)

CP, Circumferential profiles; NA, not available; RR, rest-redistribution (3- to 4-hour redistribution unless oth-
erwise stated); act, activity; act late, activity on late image; rev, reversibility; NTM, normalized to maximum;

SQ, Semiquantitative.
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APPENDIX 3 Summary of the equipment, protocols, analyses, and viability criteria used in the 2°'Tl

reinjection studies

Viability
Reference Equipment Protocol criteria Analysis
Vanoverschelde et al'®  SPECT SRDRI Act (>50%), SQ (CP, NTM 2017]
rev (>10%) uptake)
Ohtani et al®® SPECT SRDRI Rev Visual analysis
Arnese et al* SPECT SRI Act (=50%), rev SQ (CP, NTM 2017]
uptake)
Bax et al'® SPECT SRI Act (=50%), rev SQ (CP, NTM 201T]
uptake)
Tamaki et al>” SPECT SRDRI Rev Visual analysis
Dilsizian et al%® SPECT SRDRI Rev SQ (CP, NTM 201T]
uptake/normals)
Haque et al®® SPECT SRDRI Act (=50%), rev SQ (NTM 201T]
uptake)
Taki et al®® SPECT SRI Act (= 50%), rev SQ (NTM 201T]
uptake)
Lipiecki et al®® SPECT SRDRI Act, rev Visual analysis
Gursurer et al®* Planar SRDRI Act (=50%), rev SQ (NTM 201T]
uptake)
Kostopoulos et al?” SPECT S-RD-RI* Act (=50%), SQ (NTM 201T]
redistribution uptake)

CP, Circumferential profiles; S-RD-RI, stress-redistribution-reinjection; S-Rl, stress-reinjection; act, activity;
rev, reversibility; NTM, normalized to maximum; SQ, Semiquantitative.

*Pharmacologic stress by dipyridamole.
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APPENDIX 4 Summary of the equipment, protocols, analyses, and viability criteria used in the *™Tc-

sestamibi/tetrofosmin studies

Viability
Reference Equipment Protocol criteria Analysis
Marzullo et al®! Planar Rest MIBI Act (=54%) SQ (NTM MIBI uptake)
Marzullo et al'’ Planar Rest MIBI Act (=54%) SQ (NTM MIBI uptake)
Gonzalez et al®? SPECT Rest-stress Rev Visual analysis
MIBI (1-day)
Marzullo et al®3 Planar Rest MIBI Act (=55%) SQ (NTM MIBI uptake)
Maes et al®* SPECT Rest MIBI Act (>50%) SQ (NTM MIBI uptake)
Udelson et al*® SPECT Rest MIBI Act (=60%) SQ (CP, NTM MIBI uptake)
Maublant et al®  SPECT Rest MIBI Act Visual analysis
Matsunari et al*”  SPECT Rest TF Act (=50%) SQ (CP, NTM TF uptake)
Dakik et al® SPECT Rest MIBI Act (=55%) SQ (CP, NTM MIBI
uptake/normals)
Sciagra et al®® SPECT Rest-oral Act (>65%), SQ (CP, NTM MIBI uptake)
nitrate MIBI rev (after
nitrate)
Lipiecki et al®® SPECT Stress-rest Act Visual analysis
MIBI (2-day)
Maurea et al®” SPECT Rest-oral nitrate  Act (=50%), SQ (NTM MIBI uptake/
MiBI rev (=10%) normals)
Bisi et al®® SPECT Rest-intravenous | in % defect SQ (CP, NTM MIBI
nitrate MIBI on the nitrate uptake/normals)
MIBI (vs rest
MIBI)
Bisi et al®® SPECT Rest-intravenous >10% | in defect SQ (CP, NTM MIBI
nitrate MIBI on the nitrate uptake/normals)
MIBI (vs rest
MIBI)
Greco et al™® SPECT Rest-intravenous Rev (after Visual analysis
nitrate MIBI nitrate)
Liet al™ SPECT Rest-intravenous Rev (after SQ (CP, NTM MIBI
nitrate MIBI nitrate) uptake)
Schneider et al’2  SPECT Rest-oral Act (=50% SQ (NTM MIBI uptake)
nitrate MIBI anterior wall,
=35% inferior
wall)
Levine et al™® Gated Rest MIBI Act (estimated Visual analysis
SPECT >50%) and/or
preserved
wall motion
Gunning et al® SPECT Rest TF Act (=64%) SQ (NTM TF uptake)
Gunning et al® SPECT Rest TF Act (=55%) SQ (NTM TF uptake)

CP, Circumferential profiles; MIBI, ®*™Tc-sestamibi; TF, °*™Tc-tetrofosmin; act, activity; rev, reversibility;
NTM, normalized to maximum; SQ, semiquantitative.
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APPENDIX 5 Summary of the metabolic conditions, tracers, viability criteria, and analyses used in the

FDG PET studies

Metabolic Viability
Reference conditions Tracers criteria Analysis
Marwick et al OG load  FDG/rubidium Mismatch, normal  SQ (normalized to segment
82 perfusion with NP)
Gerber et al'? HEC FDG/3N- Mismatch SQ (CP, compared with
ammonia normals)
Tamaki et al™ Fasting FDG/13N- Mismatch SQ (CP, compared with
ammonia normals)
Gropler et al™ OGload FDG/YC- Mismatch, FDG SQ (CP, compared with
acetate >2 SD normal normals)
Maes et al®* HEC FDG/*3N- Mismatch, NP AQ (flow and rMGU)
ammonia
Tamaki et al™® Fasting FDG/13N- Mismatch SQ (CP/FDG utilization
ammonia index)
Knuuti”” OGload  FDG/21Tl, Normal FDG SQ (normalized to segment
MIBI uptake, with NP)
SPECT mismatch
Baer et al?* OGload FDG Normal FDG SQ (CP, normalized to
uptake (=50% maximum FDG uptake)
of maximum)
Lucignani et al’®  Fasting FDG/MIBI Mismatch Visual analysis
SPECT
Carrel et al™ NA FDG/rubidium Mismatch NA
82
Tillisch et al® OGload  FDG/3N- Mismatch, NP SQ (CP, compared with
ammonia normals)
Tamaki et al®” Fasting FDG/13N- Mismatch SQ (CP, compared with
ammonia normals)
Wolpers et al®! OGload FDG/YC- Mismatch AQ (flow and rMGU)
acetate
Paolini et al®? Fasting FDG/MIBI Mismatch Visual analysis
SPECT
Pagano et al®® HEC FDG rMGU =0.25 AQ (rMGU normalized to
umol/min/g normally contracting
segments)
Ordoubadi et al®® HEC FDG MGU AQ (rMGU)
Pagano et al® HEC FDG rMGU =0.25 AQ (rMGU normalized to
umol/min/g normally contracting
segments)
Vom Dahl et al®®>  OGload FDG/'3N- Mismatch, NP, Visual analysis
ammonia mild match*
Vom Dahl et al®® OGload FDG/MIBI Mismatch, NP, SQ (normalized to segment
SPECT mild match* with maximum MIBI
uptake)
Kitsiou et al®” OGload FDG/3N- Normal SQ (normalized to segment
ammonia 13N-ammonia/ with maximum 2°1T|
FDG (=65% of uptake)

normal) uptake

AQ, Absolute quantification; CP, circumferential profiles; FDG, fluorine 18 deoxyglucose; HEC, hyperinsu-
linemic euglycemic clamp; MIBI, ®*™Tc-sestamibi; NA, not available; NP, normal perfusion; OG, oral glu-
cose; rMGU, regional myocardial glucose utilization; SQ, semiquantitative.

*Mild match represents mild reduction in perfusion and FDG uptake without mismatch present.
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