Myocardial stress imaging:

a clinical tool has come of age

Arend F.L. Schinkel



CIP-GEGEVENS KONINKLIJKE BIBLIOTHEEK, DEN HAAG
Schinkel, Arend F.L.

Mycardial stress imaging: a clinical tool has come of age
Thesis Rotterdam. — With ref. — With summary in Dutch.

ISBN 9090161805

© AFL. Schinkel, 2002, Rotterdam, The Netherlands. All rights reserved. No part of this
publication may be reproduced, stored in a retrieval system of any nature, or transmitted in
any form by any means, electronic, mechanical, photocopying, recording, or otherwise,
without the prior written permission of the author.

No responsibility is assumed by the author for any mjury andfor damage to persons or
property as a matter of products liability, negligence or otherwise, or from any use or
operation of any methods, products, instructions or ideas contained in the material herein. No
suggested test or procedure should be carried out unless, in the reader's judgment, its risk is
Justified. Because of rapid advances in the medical sciences, independent verification of
diagnoses and/or drug dosages should be made.

Publication of this thesis was financially supported by: Alaris Medical Systems; Amersham
Health; Bayer; amg the stent company; Boehringer Ingelheim; Biomedic/Aloka; Bristol-
Myers Squibb; Cardialysis; Cyclotron VU; Fysicon Groep; GlaxoSmithKline; J-J Cordis;
Kensey Nash Corporation; 3M Pharma; Medis Medical Imaging Systems; Merck Sharp &
Dohme; Orbus; Pfizer; Philips Medical Systems; Prous Science; Roche Diagnostics; Sanofi
Synthélabo; Servier Nederland; Siemens; Tramedico; Viatris; Zambon.



Mycardial stress imaging: a clinical tool has come of age

Beeldvormend cardiaal stress onderzoek:
een Klinische test is volwassen gewerden

Proefschrift

ter verkrijging van de graad van Doctor
aan de Frasmus Universiteit Rotterdam
op gezag van de Rector Magnificus
Prof.dr.ir. J H. van Bemmel
en volgens besluit van het College voor Promoties.

De openbare verdediging zal plaatsvinden op
woensdag 27 november 2002 om 13.45 uur

door

Armoldus Franciscus Leonardus Schinkel
geboren te Leiderdorp



Promotiecommissie

Promotor: Prof.dr. JR.T.C. Roelandt
Overige Leden: Profdr.ir. AF.W. van der Steen
Prof.dr. P.J. De Feijter
Prof.dr. E.P. Krenning

Copromotor: Dr. D. Poldermans

Financial support by the Netherlands Heart Foundation for the publication of this thesis is
gratefully acknowledged.



Aan mijn ouders






Contents

Chapter 1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Preface
Part 1: Myocardial viability

Noninvasive evaluation of ischemic heart disease: myocardial
perfusion imaging or stress echocardiography?

Schinkel AFL, Bax JJ, Geleijinse ML, Boersma E, Elhendy A,
Roelandt JRTC, Poldermans D. Eur Heart J, in press

How many patients with ischemic cardiomyopathy exhibit viable
myecardium?

Schinkel AFL, Bax JJ, Boersma E, Elhendy A, Roelandt JRTC,
Poldermans D. 4m J Cardiol 2001;88:561-564

Prevalence of myocardial viability assessed by single-photon emission
computed tomography in patients with chronic ischemie left
ventricular dysfunction

Schinkel AFL, Bax JJ, Sozzi FB, Boersma E, Valkema R, Elhendy A,
Roelandt JRTC, Poldermans D. Hearr 2002;88:125-130

Residual myocardial viability on dobutamine stress echocardiography
in regions with chronic electrecardiographic Q-wave infarction
Schinkel AFL, Bax JJ, Boersma E, Elhendy A, Vourvouri EC,

Roelandt JRTC, Poldermans D. Am Heart J, in press

Assessment of viable tissue in Q-wave regions by metzbolic imaging
using single-photon emission computed tomography in ischemic
cardiomyopathy

Schinkel AFL, Bax JJ, Elhendy A, Boersma E, Vourvouri EC, Sozzi FB,
Valkema R, Roelandt IRTC, Poldermans 1. Am J Cardiol 2002;89:1171-
1175

Dobutamine-induced contractile reserve in stunned, hibernating, and
scarred myecardium in patients with ischemic cardiomyopathy
Schinkel AFL, Bax JJ, Elhendy A, Valkema R, van Domburg RT,
Vourvouri EC, Sozzi FB, Roelandt JRTC, Poldermans D.

J Nucl Med, 1n press

11

15

29

35

43

53

61



Chapter 7

Chapter 3

Chapter 9

Chapter 10

Chapter 11

Chapter 12

Chapter 13

Chapter 14

Effect of diabetes mellitus on myocardial 18F-fluorodeoxyglucose
single-photon emission computed tomography for the assessment of
inyocardial viability

Schinkel AFL, Bax JJ, Valkema R, Elhendy A, van Domburg RT,
Vourvouri EC, Bountioukos M, Roelandt JRTC, Poldermans D.

Perfusion and contractile reserve in chronic dysfunctional
myocardiwm: Refation to functional outcome after surgical
revascularization

Bax JJ, Poldermans D, Schinkel AFL, Boersma E, Elhendy A, Maat A,
Valkema R, Krenning EP, Roelandt JRTC. Circulation 2002;106:114-118

Part 2: Prognosis

{L.ong-term pregnostic value of debutamine stress technetium-%9m-
sestamibi SPECT: A single-center experience with 8-year follow-up
Schinkel AFL, Elhendy A, van Domburg RT, Bax JJ, Valkema R,
Roelandt JRTC, Poldermans D. Radiology, in press

Prognostic value of dobutamine-atropine stress 99mTe-tetrofosmin
myocardial perfusion SPECT in patients with known or suspected
coronary artery disease

Schinkel AFL, Elhendy A, van Domburg RT, Bax JJ, Roelandt JRTC,
Poldermans D). J Nucl Med 2002;43:767-772

Prognostic value of dobutamine-atropine stress myocardial perfusion
imaging in patients with diabetes

Schinkel AFL, Elhendy A, van Domburg RT, Bax JJ, Vourvouri EC,
Sozzi FB, Valkema R, Roelandt JRTC, Poldermans D.

Diabetes Care 2002;25:1637-1643

Incremental value of exercise 99mTe-tetrofosmin myecardial
perfusion single-photon emission computed tomography for the
prediction of cardiac events

Schinkel AFL, Elhendy A, van Domburg RT, Bax JJ, Vourvouri EC,
Bountioukos M, Rizzello V, Agricola E, Valkema R, Roelandt JRTC,
Poldermans D. Am J Cardiol, in press

Long-term prognosis after a normal exercise stress technetium-9%m-
sestamibi SPECT study

Elhendy A, Schinkel AFL, van Domburg RT, Bax JJ, Valkema R,
Roelandt JRTC, Poldermans D.

Prognostic significance of silent ischemia assessed by dobutamine
stress 99-m technetium sestamibi SPECT imaging

Efhendy A, Schinkel AFL, van Domburg RT, Bax JJ, Valkema R,
Roelandt JRTC, Poldermans D. Am J Cardiol, in press

75

87

95

107

115

125

135

145



Chapter 15

Chapter 16

Chapter 17

Part 3: New technigues

The influence of left ventricular myoscardial contractile reserve on
atrial natrinrefic peptide and brain natriuretic peptide

Schinkel AFL, Vourvouri EC, Bax IJ, Boomsma F, Bountioukos M,
Rizzello V, Roelandt JRTC, Poldermans D.

Left ventricular hypertrophy screening using 2 hand-held ultrasound
device

Vourvourl EC, Poldermans D, Schinkel AFL, Koroleva LY, Sozzi FB,
Parharidis GE, Bax JJ, Roelandt JRTC. Eur Heart J 2002;23:1516-1521
Screening for left ventricular dysfunction using 2 hand-carried
cardiac uvltrasound device

Vourvouri EC, Schinkel AFL., Roelandt JRTC, Boomsma F, Sianos G,
Bountioukos M, Sozzi FB, Rizzello V, Bax JJ, Poldermans D.
Summary and conclusions

Samenvatting en conclusies

DPankwoord

Curriculum Vitae

List of publications

155

165

173

185

191

197

199

201






Preface

Coronary artery disease is a major cause of morbidity and mortality in the western
worid (1). Depending on the progression and severity of coronary artery disease and the
myocardial response this may result in angina pectoris, myocardial infarction, chronic
ischemic heart disease and cardiac death. Several techniques have been developed to evaluate
patients with known or suspected coronary artery disease,

In 1973, Strauss and Zaret and coworkers (2,3) hypothesized that exercise should be
used to maximize differences in relative perfusion between normal and abnormal coronary
vascular beds during myocardial perfusion imaging. This is a safe and simple noninvasive
way of assessing myocardial perfusion at rest and to detect myocardial ischemia. In 1979,
Wann and colleagues (4) demonstrated that the mechanical consequences of ischemia can be
detected noninvasively by real-time two-dimensional stress echocardiography. Since then,
advances in exercise and pharmacological sfress protocols, developments in nuclear
cardiology, and significant improvements in echocardiographic equipment have provided the
foundation for the growth of myocardial stress imaging (5-11).

Myocardial stress imaging has seen little to parallel its rapid development. Currently,
noninvasive imaging of the heart using radionuclide tracers under stress and resting
conditions and dobutamine stress echocardiography are established techniques for the
evaluation of patients with known or suspected coronary artery disease. Myocardial stress
imaging can be used for the detection, localization and determination of the functional
significance of coronary heart disease, preoperative risk stratification, and assessment of
prognosis (3-11). Furthermore, myocardial viability can be ¢valuated with dual-isotope
nuclear imaging and dobutamine stress echocardiography (12,13). As a result, myocardial
stress imaging has become the workhorse of cardiologisis for the evaluation of patients with
{(suspected) ischemic heart disease. This thesis deals with myocardial stress imaging, and
focuses on both nuclear imaging and dobutamine stress echocardiography.

Outline of the thesis
Part 1: Myocardial viability

Recently, an epidemic of patients with heart failure due to coronary artery disease has
been reported (14,16). Coronary revascularization can be an alternative treatment in selected
patients (16,17). Surgery in this category of patients is however associated with a higher
morbidity and mortality, and thus a careful selection of patients who may bepefit from
revascularization is necessary (12,13). It has been demonstrated that in the presence of viable
myocardium revascularization may improve left ventricular function, heart failure symptoms
and prognosis (12,13,17). The first part of this thesis deals with the assessment of myocardial
viability using dual-isotope nuclear imaging and dobutamine stress echocardiography.
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Chapter 1 is a systemalic review evaluating the value of the two modalities in the
detection of coronary artery disease, assessment of prognosis, prediction of functional
recovery after myocardial infarction, and prediction of recovery of function in patients with
ischemic cardiomyopathy. In this pooled analysis, only direct comparative studies on nuclear
imaging and stress echocardiography in the same patients were included.

In chapter 2 the prevalence of myocardial viability in 83 patients with ischemic
cardiomyopathy is assessed. To cvaluate myocardial viability all patients underwent
dobutamine stress echocardiography.

Subsequently, chapter 3 evaluates the prevalence of myocardial viability in 104
patients using dual-isotope nuclear imaging. Myocardial perfusion as the only criterion of
viability was compared with combined perfusion and metabolic imaging.

Next, a consecutive series of 150 patients with ischemic cardiomyopathy with chronic
electrocardiographic O wave infarction was studied. Myocardial viability was assessed by the
end-diastolic wall thickness at resting echocardiography, and additional testing using stress
echocardiography (chapter 4).

Chapter 5 evaluates myocardial viability in Q-wave regions in consecutive series of
148 patients with ischemic cardiomyopathy, who had heart failure as the predominant
symptom. All 148 patients underwent echocardiography at rest to identify dysfunctional
myocardial tissue and dual-isotope nuclear imaging to assess myocardial glucose utilization
and metabolism.

In chapter 6, the presence of contractile reserve in response to dobutamine infusion
was studied in patients with stunned and hibemating myocardium. A total of 198 patients
underwent both stress echocardiography to assess myocardial contractile reserve and dual-
isotope nuclear perfusion imaging.

Chapter 7 describes the feasibility and image quality of dual-isotope nuclear perfusion
imaging using acipimox in patients with diabetes mellitus. The study population consisted of
70 patients, subsets of patients with insulin-dependent diabetes mellitus and with non-insulin
dependent diabetes mellitus were studied.

Our aim in chapter 8 was to assess the clinical implications of segments with intact
perfusion without contractile reserve. A total of 114 patients with ischemic cardiomyopathy
undergoing surgical revascularization were evaluated using nuclear perfusion imaging and
low-dose dobutamine stress echocardiography. The findings were subsequently related to
functional outcome, assessed 9-12 months after coronary revascularization,

Part 2: Prognosis

Previous studies have shown that “°'TI myocardial perfusion variables have
incremental value for the prediction of cardiac events over clinical and exercise test
information alone (5,6). The new technetium-99m (**™Tc) labeled perfusion tracers provide
an improved image quality, and have a much shorter half-life compared to 2*'T1 (7,8). This
thesis assesses the prognostic value of 99mTc myocardial perfusion imaging.

Chapter 9 reports on the long-term prognostic valae of » "Tc-sestamibi myocardial
perfusion imaging. The study population comprised 531 patients with limited exercise
capacity. These patients were followed during a 8-year period after nuclear testing,

In chapter 10 the prognostic value of dobutamine stress **™Tc-tetrofosmin myocardial
perfusion imaging is assessed in 721 patients with known or suspected coronary artery
disease.
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Exercise capacity in patients with diabetes mellitus is often impaired because of non-
cardiac disease, as claudication or polyneuropathy. Chapter 11 describes the prognostic value
of #™T¢ myocardial perfusion imaging in 207 patients with diabetes mellitus unabile to
perform an exercise test.

As described in chapter 12 our aim was to assess the incremental value of exercise
#MT ¢ tetrofosmin myocardial perfusion imaging for the prediction of cardiac events. A total
of 635 patients performed 9mTe-tetrofosinin imaging and were followed for 4 years.

Patients with a normal exercise *™Tc-sestamibi myocardial perfusion images were
shown to have a favorable outcome at intermediate follow-up. Our aim was to evaluate the
incidence and predictors of mortality during long-term follow-up after a normal exercise
#mTe-sestamibi study in 218 patients.

Subsequently, we assessed the prognostic significance of reversible perfusion
abnormalities in patients without angina during dobutamine stress **™Tc-sestamnibi imaging
(chapter 14). The study reports on cardiac events in 224 patients with completely or partially
reversible perfusion abnormalities during 7-year follow-up.

Part 3: New techniques

Recently, new techniques have been proposed for non-invasive evaluation of the heart.
In this thesis the value of hand-held ultrasound devices and the cardiac markers atrial
natriuretic peptide and brain natriuretic peptide are evaluated.

In chapter 15, our objective was to evaluate the influence of left venfricular
myocardial contractile reserve on atrial patriuretic peptide and brain natriuretic peptide.
Dobutamine stress echocardiography and plasma natriuretic peptide concentrations were
assessed in 66 patients with a varying degree of heart failure.

As described in chapter 16, we tested the diagnostic potenttal of a hand-held
ultrasound device for screening for left ventricular hypertrophy. Hand-held echocardiography
was performed in 100 patients with hypertension.

Chapter 17 deals with screening for left ventricular dysfunction. The screening
potential of an hand-carried ultrasound device for L'V dysfunction was assessed.

1. Hoyert DL, Arias E, Smith BL, Murphy SL, Kochanek KD. Deaths: Final Data for 1999,
National vital statistics reports; vol 49 no. 8. Hyatisville, Maryland: National Center for
Health Statistics. 2001.

2. Strauss HW, Zaret BL, Martin ND, Wells HP, Flamm MD. Neninvasive evaluation of
regional myocardial perfusion with potassium 43. Radiclogy. 1973;108:85-90.

3. Zaret BL, Strauss HW, Martin ND, Wells HP, Flamm MD. Nonivasive regional
myocardial perfusion with radioactive potassium. N Engl J Med. 1973;283:809-812.

4. Wann LS, Faris JV, Childress RF], Dillon JC, Weyman AE, Feigenbaum H. Exercise
cross-sectional echocardiography in ischemic heart disease. Circulation. 1979;60:1300-
1306.

3. Brown KA. Prognostic value of thallium-201 myocardial perfusion imaging: a diagnostic
tool comes of age. Circulation. 1991;83:363-380.

6. Brown KA. Prognostic value of myocardial perfusion imaging: state of the art and new
developments. J Nucl Cardiol. 1996;3:516-537.

7. Beller GA, Zaret BL. Contributions of nuclear cardiology to diagnosis and prognosis of
patients with coronary artery disease. Circulation. 2000;101:1465-1478.
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Chapter 1

Noninvasive evaluation of ischemic heart
disease: myocardial perfusion imaging or

stress echocardiography?

Schinkel AFL, Bax JJ, Geleijnse ML,
Boersma E, Elhendy A,
Roelandt JRTC, Poldermans D

Eur Heart J, in press
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Review Article

Noninvasive evaluation of ischaemic heart disease:
myocardial perfusion imaging or stress
echocardiography?

A. F. L. Schinke!l', J. J. Bax?, M. L. Geleijnse', E. Boersma®, A. Elhendy',
J. R. T. C. Roelandt' and D. Poldermans’

' Deparument of Cardiology, Thoraxcenter, Erasmus MC, Rotterdam, The Netherlands; *Department of Cardiology,
Leiden University Medical Center, Leiden, The Netherlands

introduction

Stress echocardicgraphy and myocardial perfusien im-
aging are commonly used noninvasive imaging modali-
ties for the evaluation of ischaemic heart disease. Both
modalities have proved clinically useful in the entire
spectrum of coronary artery diseasel %L Both tech-
nigues can detect coronary artery disease and provide
prognostic information 2%, Both techniques can iden-
tify low-risk and high-risk subsets among patients with
known or suspected coronary artery disease and thus
guide patient management decisions"®?'L In patients
with acute myocardial infarction, both techniques have
been used to identify residual viable tissue and predict
improvement of function over time™ . In patients
with chronic ischaemic left ventricular (LV) dysfunction,
viability assessment with either modality can be used to
predict improvement of function after revascularization
and thus guide patient treatment"**L

Hence, the use of noninvasive cardiac imaging can
help guide management and pofentially reduce health-
care costs®L The question remains what is the optimal
noninvasive cardiac imaging method in which setting?
This article evaluates the value of the two modalities in:
(1) the detection of coronary artery disease, (2) the
prognosis of coronary artery disease in patients with
known or suspected coronary artery disease, (3) predic-
tion of lunctional recovery following acute myocardial
infarction and (4} prediction of functional recovery after
revascularization in patients with chronic ischaemic LV
dysfunction. To provide the most objective information,
only direct comparative studies on stress echocardiogra-

Revision submitted 27 August 2002, and accepled 28 August 2002,

Correspondence: Don Poldermans, MDD, PRI}, Thoraxcenter Room
Ba 300. Department ol Cardiology, Erasmus Medical Center, Dr.
Molewalerplein 40, 3015 GD Rotlerdam, The Netherlands.

phy and perfusion imaging in the same patients are
included and pocled analysis of the data was performed.

Methods

The available studies were identified by MEDLINE
searches using the following key words: noninvasive
imaging, stress echocardiography, dobutamine, dipyri-
damole, adenosine, myocardial perfusion imaging,
technetium-99m sestamibi, technetium-99m tetrofesmin
and thallium-201. In addition, a manual search of eight
cardiology and nuclear medicine journals (American
Heart Journal, American Journal of Cardiology, Circu-
lation, Furopean Heart Journal, Heart, Journal of the
American College of Cardiclogy, Jeurnal of Nuclear
Cardiology, Journal of Nuclear Medicine) from January
1975 to 2001 was carried out. Only studies that per-
formed a head-to-head comparison between stress
echocardiography and some form of nuclear imaging
were selected. From these articles the sensitivity and
specificity of the techniques were compared. Studies that
did not provide this information were excluded. From
the pocled data, weighted sensitivities and specificities
were calculated. Comparison of sensitivities and specifi-
cities was performed using McNemar testing; a P-value
<003 was considered significant.

Results

Detection of coronary artery disease

Seventeen direct comparisons (1405 patients) with dif-
ferent stressors (five exercise, two adenosine, one dipy-
ridamole, eight dobutamine, and one combined
adenosine and dobutamine) were identified (Table 1).
Pooling of the data showed a slightly higher overall
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81

Table I Myocardial perfusion imaging vs stress echocardiography in the diagnosis of covonary artery disease

Scasitivily Specificity

Auihor Year Pts Definition of significant CAD Stress Tracer

MPT Bchocardiography MP1 Echocardiography
Maurer!!! 1581 36 = 50% stenosis Exercise T1-201 4% (17/23) 83%(19/23) 92% {12{13) 9224 (12113)
Nguyen 1990 25 = 50% stenosis Adenosine Ti-201 90% (18/20) 6% {12/20) 1009 (545} 1005 (55)
Gulantil] 1991 53 = 70% sienosis Exercise Ti-201 L00% (2127} 53% {25/27) 92% (24/26) 9654 (25/26)
Pozzolit? 1991 73 = 50% stenosis Exercise Te-59m B4%, (41/49) 1% {35/49) 88% (23/26) 96% (25126
Quinones!™ 1992 2 = 507 stenosis Exercise Tt-201 T6%a (65/86) 74% {64/86) 81%%(21/26) 8894 (23/26)
Salustril® 1992 44 >50% stenosis Ezxercise Te-99m T7% (23/30) 67% {20/30) 86% (12/14) 1% (10/14)
Gu.nalpm 1993 27 >50% stenosis Tobutamine Te-59m 94%, (17118 83%{15/18} 88%4 (8/9) 88%% (89}
Amanuliahf® 1993 40 > 50% stenosis Adenosine To-99m 94% (32/34) 74% (25/34) 100% (6/6) 106% (6/6)
Marwick 1593 97 >50% stcnosis Adenosine TFe-99m B6%% (51/59) 58% (34/59) Ti% (27/38) 87% (33/38)
Marwick ! 1993 97 >50% stenosis Dobutamine Te-99m 80% (4159) 85% (50/59) 4% (28/38) 2% (31/38)
Marwicki% 1993 217 »50% stenosis Dobutamine TFe-99m T6% (10687142} T2 (102/142) 67% (50175} B83% (62/75)
Forster!!1} 1993 21 >50% stenosis Dobutamine Te-99m 83% (10/12) 5% (9/12) 89% (8/9) B9% (8/9)
Scniog!'?! 1994 61 >50% stenosis Dobutamine Te-99m 95% (42/44) 93% (41/44) T1% (12/17) 94% (L6/17)
Hol'¥ 1995 54 > 50% stenosis Dobutamine 1201 98% (42/43) 93% (40/43) 73% (8/11) 3% (8/11)
KisacikH4 1996 69 >50% stenosis Debutamine Te-99m 6% (45/47) C4%% (44/47) 64% (14/22) 86% (1922}
Huzng!'% 1997 93 > 50% stenosis Dobutamine T-201 50% (60/67) 93% (62/67) B1% (21/26) 77% (20/26}
Parodil'® 1999 101 = 50% stenosis Dipyridamole Te-99m 79% (63/80) T8Y% (62180) 90% (19/21) 76% (1621}
Smart[ 17} 2000 183 = 50% stenosis Dobutamine Te-99m 80% (95/119) B7% (104/116) 3% (47/64) 91% (58/64)
Poocled analysis 84% (803/959) 80% (765/959) T7% (345/446) 86% (3851446}

MPI=myocardial perfusion imaging; Tc-99m=Technetivm-99m; T1-201 =Thallinm-201 chioride,
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ECG changes
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systolic dysfunction
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hypoperfusion

flow maldistribution

Time from enset of ischemia —-
Fignre 1 The ischacmic cascade represents a sequence
of pathophysiologic events caused by coromary artery
disease. Nueclear imaging probes an earlier event (hype-
perfusion) in the ischaemic cascade than stress echocardi-
ography does {systolic dysfiumction).

sensitivity for myocardial perfusion imaging as com-
pared to stress echocardiography (84% vs ROY, P<0-05).
This finding is in line with the ischaemic cascade (Fig. 1),
since perfusion abnormalities (detected by perfusion
imaging) proceed systolic dysfunction (detected by stress
echocardiography)?,

On the other hand, stress echocardiography was more
specific compared to perfusion imaging (86% vs 77%,
P=0-001). Figure 2 demcnstrales the differences in
sensitivity and specificity of the two modalities. It should
be noted that the gold standard for the presence/absence
of coronary artery disease was angicgraphy in these
studies, which may affect specificity of the tests. In the
majority of the studies >50% stenosis was used as
the definition of significant coronary artery disease. In
the study of Marwick er e/, resulis were also analysed
with a cutoff of >70% stenosis. The results were altered
little using this cutoff, as only four patients had a
stenosis severity of 50-70%.

Pharmacological stress can be a useful alternative to
exercise stress protocols in patients who are unable to
exercise because of neurological, orthopedic, or periph-
eral vascular disease. Because wall motion abnormalities
are a consequence of myocardial ischaemia, dobutamine
may be more effective than vasodilator (adenosine or
dipyridamole) stress echocardiography™. In line with
this, combined data from seven direct comparative
studies demenstrated that dobutamine stress echocardi-
ography had a higher sensitivity for the diagnosis of
corenary artery disease than vasodilator stress echo-
cardiography, while specificity was similar. When
dobutamine stress echocardiography was compared to
dobutaming or vasodilator perfusion scintigraphy, dob-
uiamine echocardiography was equally sensitive but
slightly more specific than perfusion scintigraphy®?L

Two subgroups of patients were analysed separately:
hypertensive patients and female patients. In patients
with hypertension, abnormal thallium perfusion results

C Echocardiography B Nuclear‘

[~ P=0,023 ~ P=0.001

Specificity

Figure 2 Sensitivity and specificity of siress echocardi-
ography and nuclear imaging for the detection of coronary
artery disease {(data based on references’'’l). D=
echocardiography; B =nuclear.

have been demonstrated in the absence of obstructive
coronary artery diseasel™*%); this may lower specificity.
Summarized data from two studies (Table 2, 286
patients) have demonstrated a somewhat higher sensitiv-
ity for perfusion imaging compared to stress echocardi-
ography (87% vs 74%, P<0-003), and confirmed the
lower specificity for perfusion imaging (44% vs 85%,
P<Q-001)F,

The diagnosis of coronary artery disease in women
may be more challenging due to the lower prevalence of
coronary artery disease. In addition, single-vessel disease
is a common finding in women™ ™. The accuracy of
perfusion imaging appears to be decreased in women
with breast tissue attenuation®, and the smaller LV
chamber size in women!*®. Pooled daia from three direct
comparisons'' ™! revealed a comparable sensitivity of
the two techniques (71% vs 80%, P=ns) (175 patients,
Table 2) with a higher specificity of stress echocardiog-
raphy for the detection of coronary artery disease (72%
vs 89%, P<001). Comparative studies on adenosine
stress imaging in patients with hypertension and women
are not available. Further research on the relative value
of adeposine siress echocardiography and nuclear
perfusion imaging in these subgroups is needed,

Prognosis in coronary artery disease

Noninvasive cardiac imaging is frequently used for risk
stratification of patients with known or suspected cor-
onary artery disease, There are two direct comparlsons
available on the prognostic value of myocardial per-
fusion imaging and stress echocardiography. Geleljnse
et alB% studied 220 patients with chest pain with
dobutamine-atropine stress echocardiography and sim-
ultanecus technetium-99m sestamibi single photon emis-
sion computed tomography {(SPECT) imaging. During
follow-up of 31415 months, 24 patients had hard
cardiac events (nonfatal myocardial infarction or
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Table 2 Myocardial perfusion imaging vs stress echocardiography in specinl patient subsets
Defipition of Sensitivity Specificity
Author Year Pts  significant Stress Tracer
CAD MPI Echocardiography MPT Echocardiography
Hypertension
Elhendy®® 1998 84 >50% stenosis Deobutamine Tc-99m 67% (44/66) 73% (48/66) 83% (15/18)  83% (15/18)
Fragasso® 1999 101 »50% stenosis Dipyridamole Tc-99m 98% (56/57) 51% (35/57) 36% (16/44)  91% (40/44)
Fragassop” 1999 101 =>50% stenosis Dobutamine Te-99m 98% (56/57) 8% (30/57) 36% (16/44) B0% (35/44)
Pooled analysis §7% (156/180)  T4% (133/180)  44% (47/106)  B5% (90/106)
Women
Takeuchi®' 1996 61 =30% sicnosis Dobutamine TI-201 78% (14/18) 72% (13/18) 0% (3043 D194 (35/43)
Elhendylm 1968 70  =350% stenosis Dobutamine Te-99m 64% (29/45) 78%4 (35/45) T2% (18125} 92% (23/25)
Hof¥ 1998 44 >50% stenosis Dobutamine TI-201 79%(19/24) 92% {2224} 1% {1520) 80% (16/20)
Pooled analysis 1% (68T} 80% (TO/8T) TI%(63/88) B9 (78/28)

MPI=myocardial perfusion imaging; Tc-99m =Technetium-9%m; T1-201 =Thallium-201 chloride.

cardiac death). A normal test was related to a good
prognosis, with a low annual cardiac event rate of 0-4%
by echocardiography and 0-53% by perfusion imaging. In
that study, stress echocardiography and technetium-99m
sestamibi SPECT provided comparable prognostic
information.

Olmos er all'¥ studied 248 patients who underwent
exercise echocardiography simultaneousty with thallium-
201 SPECT. During follow-up (obtained in 225 patients
with a mean foliow-up of 37+ 2-0 years), 64 cardiac
events cocurred (eight nonfatal infarctions and seven
cardiac deaths). A significant difference was observed
between patients with normal and abnormal tests for all
end points, including death alone, for both modalities.
Overall cardiac event rate in patients with normal test
results was comparable for both exercise echocardiogra-
phy and thalium-201 SPECT (1-05% wvs 1:13%, ns).
Annual cardiac death rate was favorably low for both
nermal echocardiography and normal SPECT imaging
(0-08% vs (-08%, ns). Since only two direct comparisons
are available, more large studies are required to fully
elucidate the relative prognostic value of myocardial
perfusion imaging and stress echocardiography.

Assessment of myocardial viabiliry

The hallmark of viability on dobutamine echocardiog-
raphy 1s the improvement of wall motion during the
infusion of Jlow-dose dobutamine (3-10pug.kg™'
min ~'). More recent studies have employed a low-high
dose protocol (with dosages up to 40 pg . kg ™' min ™},
with the addition of atropine). This protocol allows
assessment of both viability (response during low-dose
dobutamine) and stress-induced ischaemia (response
during high-dose dobutamine). For nuclear imaging,
differeat techniques are available. Thalliura-201 imaging
can be used to evaluate perfusion and cell membrane
integrity. Two protocols are used mainly: rest-
redistribution  imaging and  stress—redistribution—
Teinjection imaging!*’ ", While rest-redistribution
imaging provides only information on myocardial
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viability, the reinjection protocol allows assessment of
stress-induced ischaemia and viability.

Technetium-99m sestamnibi can be used to assess per-
fusion and intact mitochondria. Sestamibi imaging is
performed under resting conditions; in the absence of a
stress study, this protocol only provides information on
viability. It has been demonstrated thar the addition of
nitrates before tracer administration enhances viability
detection[*],

Glucose uvtilization can be evaluated with F18-
fluerodeoxyglucese (FDG). FDG imaging can now-
adays be performed with positron emission tomography
and SPECT. The intreduction of SPECT imaging has
contributed te a more widespread use of FDGM., Gen-
erally, cardiac FDG uptake is compared with regional
perfusion. Viability is defined when perfusion/FDXG up-
take is normal, or when perfusion is reduced with
enhanced FDG uptake.

Prediction of functional recovery after acute myocardial
infarction

The phenomenon of reversible dysfunction after mye-
cardial infarction, known as stunning has been well
established®*™. The presence of viable, but stunned
myocardium has been used to predict functional recov-
ery. Five studies™ 2% with 209 patients and 958 dyssyn-
ergic myocardial segments, compared perfusion imaging
with stress echocardiography in the same patient popu-
lation after acute myocardial infarction and aimed at the
prediction of recovery of function {Table 3). All of these
studies used dobutamine stress, in most studies a low
dose dobutamine protoco! was employed for echocardi-
ography. Nuclear imaging tended to have a higher
sensitivity (although not significant), whereas stress
echocardiography was more specific in the prediction of
recovery of function (Fig. 3).

Prediction of functional recovery after revascularization
in chronic ischaemic LV dysfunction

Table 4 shows the accuracy of different viability tech-
niques for the prediction of improvement of function



Table 3 Prediction of vecovery of function after acute myocardial infarction: myocavdial perfusion imaging vs stress

echocardiography
. Sensitivity Specificity

Author Year Pis Dyssynergic Techniques

segments MPI Echocardiography MPI Echocardiography
Elhendy®* 1996 32 112 TI201 RR vs LDDE  77% (27/33) T4 {27135} 7% (44177) 84% (65/77)
Le Feuvre 1996 45 235 TI-201 RIvs LDDE  54% {59/109) 537 (58/109) 889 (111/126)  95% (1204126}
Smart?4 1997 64 399 TI201 RR vs HDDE  68% (140/207)  88% (183/207)  70% (134/192)  80% (153/192)
Spinellil?? 1995 49 108 TR201 vs LDDE 879 (53/61) 66% (40/61) 74% (35/47) 9% (42/47)
Anselmi®® 2000 19 104 Ti-201 RR vs LDDE  88% (23/26) 59% (18/26) 36% (28/78) 88% (69/78)
Pooled analysis 60% (302/438)  74% (326/438)  68% (352/320)  86% (449/520)

HDDE =low-high dose dobutamine echocardiography; LDDE=low dose dobutaming echocardiography; MPI=myocardial perfusion
imaging; RI=reinjection; RR =rest-redistribution; TI-201=thallium-201 chloride.

after revascularization™), The nuclear imaging tech-
niques appear to have a higher sensitivity for the
prediction of functionel recovery whereas stress echocar-
diography appears more specific. Various studies have
directly compared some form of nuclear Imaging to
stress echocardiography. Panza et al*® have performed
a head-to-head comparison between thallium-201 imag-

JDSE B Nuclear

— P<0.001—

Sensitivity Specificity
Figure 3 Sensitivity and specificity of dobutamine stress
echacardiography and nuclear imaging for the prediction
of funetional outcome in zcute myocardial infarction (data
based on references'® 2%, [1=DSE; B=mnuclear.

ing and dobutamine stress echocardiography in patients
with chronic ischaemic L'V dysfunction. A total of 311
segments were analysed by both techniques; 84% of
these were classified as viable and 16% as nonviable on
thallium-201 imaging. The majority of the ‘thallium-201
nonviable segments’ did not exhibit contractile reserve.
However, an additional 36% of the ‘thallinm-201 viable
segments’ also did not exhibit contractile reserve. Thus,
the results indicated that thallium-201 imaging was more
sensitive than dobutamine echocardiography for the
detection of viable tissue, Similar results were obtained
by Cornel et al® who evaluated 40 patients with
chronic ischaemic LV dysfunction with FDG imaging
and dobutamine echocardiography. Again, nuclear im-
aging was more sensitive for the detection of viable
tissue as evidenced by the 27% of the dysfunctional
segments with FDG upteke but without centractile
reserve (Fig. 4).

Various studies have subsequently compared the pre-
dictive accuracy of anclear imaging with dobutamine
echocardiography, Currently, a total of 18 studies™™ <7
(with 563 patients) have performed a direct comparison
between the two modalities (Table 5). Different nuclear
technigques were used: three studies used FDG PET, five
thallium-201 reinjection and 10 thallium-201 rest-
redistribution. Two studies used low-high dose dob-
utamine echocardiography and the remaining 16 used
low dose dobutamine echocardiography. Pooling of

Table 4 Accuvacy of vhe diffevent viability technigues. Data based on pooled analysis

of data available in the Literature (based on veference’ ™}

Technigue No. studies No. of pis SEns1/tu1)v1t) Spe;l/{l)cﬁ) [(’5; TE};Y
DSE 32 1090 81 80 77 85
TI-201 RR 22 557 86 59 (] 80
Ti-201 RI 11 I a8 50 57 83
MIBI 20 488 81 66 71 77
FDG PET 20 598 93 58 71 86

DSE=dobutamine stress echocardiography; FDG=F18-fluorodeoxyglucose; MIBI=technetivm-

99m  sestamibi; NPV =negative predictive value;

PET=positron

cmission  lomography;

PPV=positive predictive value; RR=rest-redistribution; Rl=reinjoction; TH201= thallinm-201

chloride,
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98%
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FDG viable

20%

contractile reserve -

4%
contractile reserve +
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Figure 4 Apreement and disagreement between FDG SPECT and lew-dose dobutamine
echocardiography in dysfunclional myocardium (reprinted with permission from

referencel*?),

Table 5 Head-to-head comparisons between nmuclear imaging and dobutamine
echocardiography for the prediction of improvement of regional function poss-

revascularization { Table modified from reference’™! )

Author Technigues Assessing No. of pls
Gerbert™ FDDG PET vs LDDE VsV 39
Baerl®’l FDG PET vs LDDE VsV 42
Paganot? FDG PET vs LDDE VvV 30
Vanoverschelde!™ T1-201 RI vs LDDE VH+lvs V 73
Arnesel™ 71201 R1 vs LDDE V+IvsV 38
Baxt™! T1-201 RI vs LDDE VvV 17
Hagque!* T1-201 RI vs LDDE Velvs V 26
Kostopoulog!™ T1-201 BRI vs LDDE V+Lvs ¥ 3
Marzullo™# T1-20F RR vs LDDE VvV 14
Qureshit™] T1-201 RR v HDDE Vovs V+I 34
Alfieri™! TI-201 RR vs LDDE VsV 13
Perrrone-Filardils! Ti-201 RR vs LDDE VsV 18
Charney!®? Ti-201 RR vs LDDE VAR 14
Magueh!™! Tl-201 RR vs HDDE Vovs V+I 19
Pacefs T201 RR vs LDDE VsV a6
Seniorl® TI-201 RR vs LDDE VgV 22
Sicari®! TE201 RR vs LDDE VsV 57
Gunning"*” Ti201 RR vs LDDE YowsV 30

FDG=F18-Aluoredeoxyglucose; HDDE=low-high dese dobutamine echocardiography: T=stress-
inducible ischaemia; LDDE=low dose dobutamine echocardiography; PET =positron emission

tomography: RR =rest-redistribution;

V =viability.F]

RI=reinjection;

these data yielded a higher sensitivity (or nuclear imag-
ing {88% vs 76%, P<0-05} and a higher specificity for
dobutamine echocardiography (81% vs 53%, P<0-05).
In eight studies (see Table 5) some form of stress
imaging (either thallium-201 reinjection or low-high
dose dobutamine echocardiography) was used; to make

TI1-201 =thallium-201

chlorde;

the comparison more balanced (and only restricted to
viability assessment) the analysis was repeated after
exclusion of these cight studies. The discrepancy be-
tween nuclear imaging and dobutamine echocardiogra-
phy for the prediction of functional outcome after
revascularization became even more outspoken (Fig. 3).
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Figure 5 Bar graph illustrating sensitivities and specifi-
cities of nuclear imaging and dobutamine stress echocar-
dingraphy to predict improvement of function post-
revascularization in patients with chronic ischaemic left
ventricular dysfumction (datz based on references™
52,88,60-62)). D=DSE; ®=nuclear,

It is conceivable that different levels of ultrastructural
cell damage account for this discrepancy: the inotropic
response during dobutamine stimulation may be lost
while more basal characteristics such as cell membrane
integrity and glucose utilization are still intact. Besides
prediction of improvement of function after revascular-
ization, prediction of long-term survival may be more
important. Currently, no direct comparative studies are
available on the prognostic value of nuclear imaging
and stress echocardiography in patients with ischaemic
cardiomyopathy.

Recent developments: simultaneous
assessment of function and perfusion

Recently, different technical developments have been
implemented in both perfusion imaging and stress
echocardiography that further optimized the techniques.
Myocardial perfusion imaging kas been improved by the
introduction of new cameras, imaging protocols, attenu-
ation and scatter correction®***.. For echocardiogra-
phy, second harmonic imaging has markedly improved
endocardial border detection, which could even be fur-
ther enhanced by Intravencus administration of contrast
agents that opacify the LV cavity™ "3, Colour kinesis
and tissue Doppler echocardiography may allow quan-
tification of function'™ ™, which may enhance repro-
ducibility and diagnestic accuracy.

Other recent developments have aimed at providing
integrated information or function and perfusion. Both
gated SPECT imaging and contrast echocardiography
allow simultancous assessment of function and per-
Tusien™ 7). Over the past 3 years ECG-gated SPECT
has become state-of-the-art in cardiac myoccardial per-
fusion imaging, Various comparative studies have dem-
onstrated excellent accuracy of gated SPECT for the

assessment of both regional and global LV functionl”.
Smanio and coworkers!”™ have demoenstrated that com-
bination of perfusion and function (assessed by gating)
resulted in significantly higher dizgnostic accuracy for
detection/exclusion of coronary artery disease. More-
over, the integrated information of function and per-
fusion allows superior prognostification in patients
with known or suspected coronary artery disease, as
demonstrated recently by Sharir et al™,

Contrast echocardiography also aliows simultaneous
assessment of (unction and perfusion, With the intro-
duction of contrast agents that can be administered
intravenously, the use of contrast echocardicgraphy has
now become feasible outside the catheterization labora-
tery. In combination with harmonic and intermittent
imaging, quantitative assessment of perfusion has
hecome possible.

Recently, Kaul et ai® have shown an excellent
concordance between contrast echocardiography and
myocardial perfusion imaging. In 30 patients, the agree-
meni for detecting absence/presence of coronary artery
disease was 86%. However, two multicentre trials have
demonstrated a less favourable agreement between per-
fusion imaging and contrast echocardiography®™ "%
Marwick and coworkerst®'! showed that, for the detec-
tion of extensive perfusion defects on SPECT perfusion
imaging, contrast echocardiography had a sensitivity
ranging from 13% to 48% with a specificity ranging from
63% to 100%. Jucquois et al® suggested that the
discrepancy between the two techniques could in part be
related to attenuation artifacts on SPECT (inferior wall)
and suboptimal visualization of the anterior and lateral
walls by echocardiography. However, in experienced
settings, adequaie quantification of myocardial blood
flow and quantification of coronary artery stenoses is
possible, as demonsirated by Wel er af!¥*4 Besides
detection of coronary artery disease, evaluation of
patients with acute myocardial infarction is feasible with
conlrast echocardiography and is particularly useful for
assessment of ‘the no-reflow phenomenen’ after throm-
bolysis or percuianecus interventions®*¢, Finally, the
feasibility of conirast echocardiography for assessment
of viability after acute infarction®” and in the setting of
chronic LV dysfunction® has been demonstrated.

Thus, in the near future, the combined assessment
of perfusion and function by echocardicgraphy and
SPECT will allow a more complete assessment of
patients with coronary artery disease.

Clinical implications and conclusions

Both myocardial perfusion imaging and stress echo-
cardiography have proved to be extremely useful non-
invasive tests for the evaluation of coronmary artery
diseasel! . Due 1o basic differences between the two
tests, perfusion imaging is a sensitive test with a some-
what Jower specificity for the detection of coronary
artery disease; the converse is true for stress
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echocardiography!' "/l This systematic review focuses

on direct comparative studies on stress echocardiogra-
phy and perfusion imaging in order to provide the most
objective information. Nevertheless, a potential risic of
pooling data from different studies is to mix patients
with different clinical characteristics and risk profile.

Two available direct head-to-head comparative
studies demonstrated a similar prognostic value of per-
fusion imeging and stress echocardiography. Larger
comparisons are needed to draw further conclusions,

For the assessment of myocardial viability after acute
infarction the modalities seem to be equally sensitive,
whereas stress echocardiography is the more specific
test®2%, Hence, for the early assessment of viability
stress echocardiography may be preferable. However,
specificity is determined by segiments that are nonviable
that do not improve in function. A lower specificity
suggests that a substantial percentage of segments that
are viable do not recover in function. Most studies have
evaluated recovery of function at a rather short time-
interval after infarction (<3 months) and longer
foilow-up may be needed.

In patients with chronic ischaemic ventricular dys-
function, nuclear imaging has a high sensitivity for the
detection of viable myocardium and a low specificity,
whereas the conmverse is (rue for stress echo-
cardiography™®®-5” The lower specificity of nuclear im-
aging can again be an issue of duration of follow-up.
Recent data have demonstrated that a substantial per-
centage of segments need longer time after revascular-
ization to (fully) recover in function™. In addition,
large direct comparative studies are reguired to evalnate
the prognostic value of nuclear imaging and stress
echocardiography in patients with chronic ischaemic left
ventricular dysfunction.

In corclusion, the current analysis demonstrated that
both techniques are useful in the evaluation of patients
with coronary artery disease, although small differences
between accuracies exist in different settings. The most
important factor for using a test remains the local
expertise and availability of these imaging modalities. In
addition, patient characteristics (habitus, acoustic win-
dow, pregnancy} may influence the choice of the tech-
nigue, and finally the studies discussed generally reflect
the experience in university centers and many of these
studies may be nfluenced by selection and referral bias,
which limits application of the results te the general
population.
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chcre left ventricular {L.V) dysfunction secondary
1o chronic coronary artery disease is a major prob-
lem in clinical cardiology.! Incidence is increasing
and the severity of LV dysfunction is related to clin-
ical outcome.’? Current options of treatment mnclude
medical therapy and heart transplantation. Transplan-
tation is associated with excellent survival, but the
number of donor hearts is limited, and medical ther-
apy is still suboptimal.**? Coronary revascularization
can be an ajternative treatment in selected patients.
However, surgery in these patients is associated with
higher mosbidity and mortality, and thus a careful
selection of patients who may benefit from revascu-
larization 1s necessary to offset this higher risk. It has
been demonstrated that in the presence of viable myo-
cardium, revascularization may improve LV function,
heart failure symptoms, and prognosis.*® In view of
the rapidly increasing number of patients with isch-
emic cardiomycpathy and the suboptimal therapeutic
options, it is of interest to know how many patients
may be eligible (based on viability assessment) for
coronary revascularization. This information is cur-
rently not available, To establish the prevalence of
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myocardial viability, consecufive patients who had
ischemic cardiomyopathy were studied with dobut-
amine stress echocardiography.

The study population comprised 83 consecutive
patients with chronic coronary artery disease and a LV
gjection fraction (EF) of =35%, who presented with
heart failure symptoms. Patients with primary cardic-
myopathy or significant valvular heart disease were
not inchided. All patients underwent echocardiogra-
phy at rest to identify regicnal dysfunction, followed
by dobutamine stress to detect residual viability in
these regions. The local medical ethics committee
approved the protocol and all patients gave informed
consent.

All echocardiograms were performed with a Sonos
5500 imaging system {Andover, Massachusetts) with
a 1.8-MHz transducer using secend harmonic imaging
to optimize endocardial border visuvalization. After
baseline echocardiography, dobutarmine was adminis-
tered, starting at a dose of 5 pg/kg based on bedy
weight per minute for 5 minutes, followed by a 10
pg/kg/min dose for 5 minutes (low dose). Incremental
dobutamine doses of 10 wg/kg/min were then given at
3«minute intervals up to a dose of 40 pg/’kg/min, and
atropine was added, if necessary. Test end points
were: target heart rate, extensive new wall motion
abnormalities, ST-segment depression =2 mm, severe
angina, a decrease in systelic blood pressure >40 mm
Hg, bloed pressure >240/120 mm Hg, and significant
(supra)ventricutar arrhythmia. The echocardiograms
were digitized on optical disks and scored by 2 expe-
rienced reviewers using a 16-segment model.® Re-
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TABLE 1 Clinical Characteristics of 83 Patients Who
Underwent Dobulamine Stress Echocardiography

Clinical Feotures No. of Patienis

Age fyrs = 5D) 59+10
Men 70 [84%)
Previous Ml 78 [94%]
Qawave Ml 66 [BO%]
Anterior Ml 57 [69%])
Septal M 15 [18%)
Lateral M 18 [22%)
Inferior/posteriar Mt 27 [33%)
Previous CABG 13 {16%)
Previous PTCA 7 {B%)
Diaketes mellitus 13 {16%)

29 [35%)/30 {36%)
516%)/11 [13%]

Smoking pravious/current
Hypertension previous/current

Multivessel disease 71 [B6%)
LBBB 2{11%)
RBBB 3 {4%)

LVEF =20% 19 (23%)
LVEF »20% and =30% 41 [49%)
IVEF >30% ond =35% 23 {28%)

Dola are prezented s numbers %}, There wars no patients with a MI, PTCA,
or CABG <3 menihs hefore viohilily testing.

CABG = coronary artery bypass groft surgery; LBBS = [eft bundle brench
block; Ml = myocardial infarction; PTCA = percutaneous fransluminal core-
nary ongioplosty; RBBB = right bundle bronch black.

patient was classiiied as viabie 1 the presence ol =4
dysfunctional viable segments.’

LVEF was assessed by radionuclide ventriculogra-
phy at rest in all patients. A small field-of-view
gamma camera system (Orbiter, Siemens, Erlangen,
Germany) was used; after injection of technetium-99
m (740 MBq), radionuclide ventriculography was per-
formeé at rest. LVEF was calculated by standard
methods (Odyssey VP, Picker, Cleveland, Ohio).”

All continuous data are expressed as mean £ SD,
percentages are rounded. Continuous variables were
compared nsing the Student’s ¢ test for unpaired sam-
ples. Differences between proportions were compared
using the chi-square test. If the distribution was not
normal, the nonparametric Wilcoxon test and the
Spearman cotrelation analysis was used. A p value of
<0.05 was considered statistically significant.

The clinical characteristics of the study population
are listed in Table 1. Heart failure was the principal
clinical presentation in all patients; New York Heart
Association (NYHA) functional class was an average
of 2.8 = 0.6 (with 80% of the patients in NYHA class
{II or IV). LVEF was severely depressed (mean 25 =+
7%, range 10% to 35%). Medication consisted of
aspirin and/or oral anticoagulants (92%), angiotensin-

converting  enzyme  inhibitors
(84%), B-blockers (52%), digoxin

Normal

mild
hypokinetic

nermail

Dysfunctienal

e

dyskinesia

akinesia

{27%), diuretics (63%), and nitrates
{70%).

Heart rate increased from 78
13 beats/min at rest to 118 + 17
beats/min at peak stress (p
<0.0001). Owerall, systolic blood
pressure  did wnot  significantly
change during dobutamine infusion.
Test end points were target heart
rate (n = 76, 92%), severe ischemia
on electrocardiography (n = 4, 5%).
severe angina (n = 2, 2%), or a
decrease in systolic blood pressure
of >40 mm Hg (1 = 1, 1%). A peak
dobutamine infusion dose of 40 ug
kg/min was used in 59 patients
(71%); 37 patients received atro-
pine. Echocardiographic analysis

severe
hypokinesia

FIGURE 1. Incidence of 5 patterns of coniraciile function in 1,328 LV segmenis; $59
segments (72%) were dysfunctional, and 369 segments (28%) exhibited normal con-

fractile function,

gional wall motion and systolic wall thickening were
scored on z 5-point scale: 1 = normal, 2 = mildly
hypokinetic, 3 = severely hypokinetic, 4 = akinetic,
and 5 = dyskinetic. Myocardial segments were con-
sidered normal if the regional wall motion was normal
or mildly hypokinetic, Only dysfunctional segments
(severe hypokinesia, akinesia, or dyskinesia at echo-
cardiography at rest) were evaluated for myocardial
viability. Segments with an improvement, worsening,
or a biphasic wall metion responge during stress echo-
cardiography were considered viable. Segments with
unchanged wall motion were considered nonviable. A
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was performed on 1,328 segments
and revealed i43 normal and 226
mild hypokinetic segments. Of 959
dysfunctional segments (72%), 484
segments exhibited severe hypoki-
nesia, 460 segments had akinesia, and 15 had dyski-
nesia (Figure 1). Patients had an average of 11.6 £ 3.9
dysfunctional segments. During dobutamine sfress
echecardiography, 205 dysfunctional segraents exhib-
ited sustained improvement, 47 worsening, and 86
segments had a biphasic response. Thus, a total of 338
dysfunctional segments (35%} were considered viable
(Figure 2). Moreover, 39% of these segments demon-
strated a limited coronary flow reserve (showing direct
worsening during dobutamine infusion or a biphasic
response}. Patients had an average of 4.1 = 3.2 dys-
functional but viable segments; those with a LVEF



Nonviable Viable

biphasic

worsening

sustained
improvement

rate.»11~13 Thus, (preoperative} via-
bility testing may guide patient man-
agement. The exact prevalence of vi-
ability among patients with heart fail-
ure, secondary to poer LV function 1n
the presence of chronic coronary ar-
tery disease, is unimown. In the
present study, this topic was ad-
dressed and a consecutive cohort of
patients was evaluated for viability.
On a segmental basis, 35% of the
dysfunctional segments was censid-
ered viable. Applying the cut-oft
value of =4 dysfunctional but viable
segments, 57% of the patients had
viable segments; they had an average
of 7.5 *+ 2.9 dysfunctional but viable
segments.

In the only other study addressing

FIGURE 2. Prevalence of viable and nonviable tissue; 35% of dysfunctional myocar-
divm was viable, whereas 65% was nonviable myocardium. Twenky-ane percent of
1, 5% worsening, and 9% a

dysfunctional myocerdivm showed sustained impr
biphasic well motion paftern.

=20% had more dysfunctional segments compared
with patients with a LVEF >20% and =30% (143 =
1.9 vs 11.1 * 4.1; p <0.005) or a LVEF >30%
(3143 £ 1.9 vs 10.1 = 3.8; p <0.005). The number of
dysfunctional segments was not significantly different
between patients with a LVEF >30% and those with
a LVEF >20% and =30% (10.1 = 3.8vs 11.1 = 4.1;
p = 0.3). Forty-seven patients (57%) had clinically
significant viability {an average of 7.5 & 2.9 seg-
ments) and 36 patients (43%) had predominantly non-
viable myocardium {(an average of 1.6 £ 1.2 viable
segments). Clinical features were similar in the pa-
tients with and without viability. Moreover, there was
no correlation between LVEF and the number of vi-
able dysfunctional segments (r = 0.03,n = 83, p =
NS; see Figure 3).

Heart failure is becoming the most comprehensive
problem in clinical cardiology, in terms of affected
patients. It has been shown that dysfunctional myo-
cardium does not always represent irreversibly dam-
aged myocardium; some patients improve in LV func-
tion and clinical outcome after revascularization 58
However, revascularization procedures are associated
with a higher risk in these patients.*5? Therefore, a
careful evaluation is mandatory for optimal patient
management and risk stratification. To explain the
postoperative improvement in LV performance and
prognosis, the concept of viability was proposed.?
Patients with viable myocardium are likely to benefit
from revascularization, whereas patients without via-
ble myocardium will not benefit.** Moreover, preop-
erative viability testing results in improved risk strat-
ification.’® Finally, viable myocardium in patients
with ischemic cardiomyopathy whe were treated med-
ically was associated with an extremely high event

the issue of the prevalence of viabil-
ity in patients with ischemic cardice-
myopathy, Auerbach et al'¢ demon-
strated that 156 of 283 patients had
viable myocardium on positron emis-
sion tomography using F18-flucrode-
oxyglucose. Thus, our study and Auerbach et al’s
work demonstrate that 57% and 55%, respectively, of
the patients with ischemic cardiomyopathy had signif-
icant viable tissue. This does not necessarily mean that
all of these patients are suitable candidates for revas-
cularization; other factors including comorbidity, in-
adequate target vessels, and severe LV dilation also
influence the decision as to whether patients should
undergo revascularization. Moreover, it is unclear
whether these findings apply to the general popula-
tion, because the patients in this and Auerbach’s study
were evaluated in tertiary referral centers. An impor-
tant observation in the present study, in line with
Auerbach et al’s study,'® is that the clinical character-
istics were similar between patients with and withoui
vizbility; this implies that specific testing for viability
is mandatory. Finally, the prevalence of viability was
equally distributed among patients with different de-
grees of LV dysfunction; thus, viability assessment
should not be reserved for patients with milder (or
more severe) forms of LV dysfunction.

In the present study, dobutamine echocardiography
was used to detect viability. The hallmark of viable
myocardivm on dobutamine stress echocardiography
is improvement of contractile function during the in-
fusion of low-dose dobutamine (5 to 10 pg/kg/min)
(contractile reserve).” The protocol has been expanded
to low- to high-dose dobutamine echocardicgraphy,
using a maximum dosage of 40 pg/kg/min with the
addition of atropine if necessary.” The low- to high-
dose dobutamine protocol is safe!? and has the advan-
tage that it allows assessment of viability and limited
coronary flow reserve; from a patient standpoint, both
issues are important for the decision to proceed with
revascularization. Still, recent studies have indicated
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that nuclear imaging techniques may be more sensitive
for the detection of myocardial viability.!®1® In the
present study, only 35% of the dysfunctional segments
were classified as viable. In previous studies with nuclear
imaging techniques, this percentage was usually high-
er.!s However, in the study by Auerbach et ai'® and this
study, the prevalence of viability on a patient basis was
comparable.

In conclusion, dobutamine stress echocardiog-
raphy demonstrated viability in 35% of the dys-
functional segments. When the cai-off value of =4
dysfunctional but viable segments was applied to
classify a patient as viable, 57% of the patients
were considered fo have substantial viability. Thus,
in 57% of the patients with ischemic cardiomy-
opathy and heart failure, a clinically significant
amount of viable myocardium is present and cor-
onary revascularization may be considered as ther-
apy fer these patients.
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Obijective: To assess the prevalence of myccordial viabifity by techretium 29m (Tc-99m}-etrofosmin/
fluorine-18-fluarodeoxyglucose [FDG) single photon emission computed temography {SPECT) in
patients with ischaemic cardiomyopathy.

Design: A refrospective observational study.

Setting: Thoraxcenter Rotterdam {a tertiary referral centre].

Patients: 104 palients with chronic coronary artery disense and severely depressed left ventricular
function presenting with heart failure symptoms.

Main outcome measures: Prevalence of myocardial vichility as evaluated by Te-$9mastrofosmin/
FDG SPECT imaging. Two strategies for assessing viability in dysfunctional myocardium were used:
perfusion imaging alene, and the combination of perfusion and metabelic imaging.

Resulis: On perfusion imaging alone, 56 pafients (54%) had @ significant amount of vieble myocar-
dium, whereas 48 patients [46%) did not. Among the 4B potients with no significant viability by per-
fusion imaging alone, seven additional patients [15%) had significantly viable myocardium on
combined perfusion and metabolic imaging. Thus with a combination of perfusion and metabclic
imaging, 63 patients {6¢1%) hod viable myacardium and 41 (39%) did not.

Conclusions: On the basis of the presence of vicble dysfunctional myocardium, 61% of patients with
chrenic coronary arfery disense and depressed left ventricular ejection fraction presenting with heart
failure symptoms may be considered for coronary revascularisation. The combination of perfusion and
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alone.

cause of left ventricular dysfunction leading ro heart

fallure. When this occurs it has an extremely poor
prognosis.' * In nearly 70% of the patients in 13 major heart
lailure trials, coronary artery discase was the underlying cause
of the heart failure.” The management of these patients
rernains difficult, while both the incidence and the prevalence
of chronic heart failure have been increasing in recent years.’
Medical treatment is still suboptimal in these patients,
aithough significant improverents in survival have been
achieved with angictensin converting enzyme {ACE} inhibi-
tion, blockade of aldosterone receptors by spirenolactone, and
B adrencrgic blockade.™ Other therapeuric options are heart
wansplantation and corenary revascularisation. The possibili-
tics of heart transplantation are limited by the availability of
donor hearrs, bur coronary revascularisation could be an
effective alternative. [n a subset of patients with heart failure
secondary {o chronic coronary artery disease, revascularisa-
tion has been shown to improve left venuricular ejection frac-
tion {LVEF), heart failure symproms, and survival.” * However,
revascwlarisation in such patients is also assoclated with
Increased periprocedural morbidity and mortality.”*

The concept of myocardial viability was proposed to explain
the improvement of IVEF and heart failure symptoms after
revascularisation.™ ' Dysfunctional but viable myocardium is
likely to regain contractile function after coronary
revascularisation.” On the other hand, dysfunctional non-
viable myocardium {scar tissuc) clearly will net improve.
Bonow estimated that between 25-40% of patients with heart
failure cansed by ischacrnic heart disease have the potendal
for functional improvermnent after revascularisation. ” Quantifi-

C hronic coronary artery disease is the most imporiant

metabolic imaging identified more patients with significant viability than myocordial perfusion imaging

cation of myocardial viability in patients with chronic
coronary artery disease, depressed left ventricular function,
and heart faiture is at present linited, but this mformation is
importan:  as  such  patients may benefit  from
revascularisation.”* ¥ Qur aim in this study was therefore to
evaluate myocardial viakility In a consecative series of 104
patients with chronic coronary artery disease and depressed
LVEF presenting with heart failure symproms.

METHODS

Patient populofion, study protecs!

The study population consisted of 104 consecutive patients
with ischaemic cardiomyopathy {chronic coronary artery dis-
ease as assessed by angiography and an IVEF of € 35%), who
presented with heart faillure as the predominant symprom and
were referred for evaluation of myocardial viability. Patients
with primary cardiomyepathy of concormitant significant val-
var disease were not included.

All patients underwent resting echocardiography to identify
dysfunctional myocardial fissue, and dual isotope simultane-
ous acquisition myocardial single photon emission computed
tomography {SPECT), incuding Tc-99m tetrolosmin and
fluorodeoxyglucose (FDG) to assess myocardial perfusion and

Abbreviations: ACE, angiofensin converfing enzyme; FDG,
fluoradeoxyglucese; LVEF, teft vertricular ejection fracfion; PET, positron
emission lamography; ROC, receiver operating charocteristic; SPECT,
single pholen emission computed tomography
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glucose utilisation, respectively.” " LVEF was assessed by
radionuclide ventriculography.

The local medical ethics committee approved the protocol
and all patients gave informed consent.

Assessment of contractile function

A Hewlett-Packard Sonos-5500 imaging system (Hewlett-
Packard Ine, Andover. Massachusetts, USA), equipped with a
1.8 MHz wansducer using second harronic imaging to
optimise endocardial border visualisation, was usad to record
cross sectional echocardiograms. Four standard views (apical
wwo and four chamber views, and parasternal short and long
axis views) were stored on tape.

Off-line interpretation was undertaken using a computer
systerm that digitised the taped images and displayed them in
a cineloop Tormat. Two experienced reviewers blinded 1o the
SPECT dara scored the digitised echocardiograms visually. In
case of disagreemenlt, a majority decision was achieved by a
third reviewer. The left ventricle was divided according 1o the
standard 16 segment model described by the American Soct-
ety of Echocardiography (six basal, six distal, and four apical
segments)." Regional wall motion and systolic wall thicken-
ing were scored using a five point grading scale: 1. normal
{normal endocardial excursion and systolic wall thickening):
2, mildly hypokinetic {mildly reduced excursion and wall
thickening); 3. severely hypokinetic {severely reduced excur-
siont and thickening): 4, akineric {absent excursion and wall
thickening}; 5, dyskinetic (paradoxical systolic cutward wall
motion}. Myocardial segments were considered normal if the
regional wall motion was normat or mildly hypekinetic. Only
segments with severe hypokinesia, akinesia, or dyskinesia
were evaluated for myocardial viability.

SPECT data acquisition

Alter a light breakfast, the patients received an iravenous
injection of Tc-99m-letrolosmin {600 MBg) 1o evaluate
Testing perfusion. FDG imaging to evaluate glucose utilisation
was done after the administration of acipimox (500 mg oral
dose) in all patients. Acipimox enhances myocardial FDG
uptake by reducing the plasma concentraiion of free fatty
acids. Following acipimox administration, the patients re-
ceived a low fat, carbohydrate rich meal. This small meal fur-
ther enhances myocardial FDG uptake by stimulating endog-
enous insulin release. Several studies have shown excellent
imaging using acipirnox."

Patients with diabetes mellitas were asked to contimme their
antidiabetic drug regimen. Plasma glucose concentrations
were measured immediately before the study. In patients with
a plasma glucose conceniration of more than 8 mmol/l, insu-
lin was given inmravenously to enhance myocardial FDG
uptake. The plasma glucose concentration was then measured
again and additional intravenous insulin given if necessary.

Sixty minutes after the meal, FDG (185 MBq) was injected,
and after an a further 45 minutes to allow cardiac FDG uptake,
duai isotope simultaneous acquisition SPECT was performed.
Perfusion and metabelic imaging were both done at rest with-
Qut stressors. Patients continued their normal cardiac drug
rreatrnent during the SPECT study.

A triple head gamma camera system {Picker Prism 3000X¥,
Cleveland. Ohic, USA) was used. The camera system was
equipped with high energy 511 keV collimators. The energles
were centred on the 140 ke pheton peak of technetium-99m
tetrofosmin with a 15% window and on the 511 keV photon
peak of FDG with a 15% window. Data acquisition was done in
the supine position, over 360 {120 sectors of 3°). Total imag-
ing time was 32 minutes. Data were stored in a 64 X 64, 16 bit
matrix.

SPECT daia reconstruction and analysis
From the raw scintigraphic data, 6 mum thick (1 pixel) transax-
ial slices were reconstructed by filtered back projection using a
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Table 1 Clinical characteristics of
104 pofients undergoing dual isotepe
simultaneous acquisition single photon
emission computed fomography

MNumiber of

Clinical features poticnis
IVEF £20% 23 [22%]
LVEF »20%, =30% 54 [52%)]
LVEF »30%, £35% 27 [26%)
Number of stenosed arteries 2.1{0.8)
{mean (SO}
Previous Ml 97 {93%)
Provious CABG 16 [15%)
Previous PTCA 13 [13%)
Diabetes mellinss 15 (14%)
Drug freatmenl

ACE inhibitors 86 (83%)

B Blockers 53 (51%)

Caleium antugonists 29 [28%]

Nitrales 74 [71%)

Divrefics 66 [63%)]

Data are n [%) unless specified,

ACE, angislensin converting enzyme; TABG,
coronary artery bypass graft surgary; LVEF, left
ventricular ejection fraction; MI, myoeardial
infarction; PTCA, percutanaous transtumingl
coronary angioplashy.

Butterworth filter (cut off frequency at 0.17 cycle/pixel of order
3.5). Attenuation correction was not applied. Further recon-
struction vielded standard short and long axis projections
perpendicular to the heart axis. The Tc-99m-tetrofosmin and
the FDG data were reconstructed simultaneously. This approach
permits exact alignment of the perfusion and FDG images.

The perfusion and FDG short axis slices were adjusted to
peak myocardial activity (100%). The left ventricle was divided
into 16 segments matciing the echocardiographic segments®
Both Tc-99m-tetrofosmin and FDG uptake defects were graded
semiquantitatively on a four point scale: 0, normal (= 753%-
100%); 1, mildly reduced (3 50%75%:; 2. moderately reduced
{2 25%-50%); 3, severely reduced or absent {= 25% uptake).
Dysfunctional segments (identified by resting echocardio-
graphy} were subsequently evaluated for viability.

Viable myocardium was defined using nwo approaches: per-
fusion criteria alone, and a combination of perfusion and
metabolic criteria. Using perfusion alone, myocardium with a
To-99m-letrofosmin uptake score of <1 was considered
viable, while myocardium with a score of 2 2 was considered
non-viable. Using the combination of perfusion and metabo-
lism, myocardium with a Te-99m-tetrofosmin uptake score of
< 1 or with a reduction in Tc-99m-tetrofosmin uptake score
that was more severe than the reduction in FDG activity by
z 1 point (perfusion-metabolism mismatch pattern) was
considered viable. Dysfuncuonal myocardium with a propor-
tionate reduction in both Tc-99m-tetrofosmin and FDG
uptake (perfusion—metabolism match pattern) was consid-
ered mon-viable.

A patient with four or more dysfunctiomal but viable
segments was considered to have a funcrionally significant
amount of viable myocardium. This definition is based on previ-
ous work using receiver operating characteristic {ROC) curve
analysis showing that improvement in LVEF after revascularisa-
tion can be anticipated when more than 25% of the left ventri-
cle is viable (four or more segments in a 16 segment madel).”

Assessmeni of LVEF

To assess LVEF ar the time of the viability testing, we
performed radionuclide ventriculography ar rest in all
patients. A small field of view gamma camera system {CQrbiter,
Siemens, Erlangen, Germany) was used, oriented in a 45° lelt
anterior oblique position with a 5-10° caudal tilt. After injec-
tien of To-99m {740 MBq), radioauclide venriculography was
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Figure 1 Myoccardial perfusion in viable and non-viable lissue. In

vighle myocardium, perfusion was normal in 57% of dysfunctional
segments, mikdly reduced in 32%, moderately reduced in 10%, and
severely reduced or absent in 1%. Nonwvigble fissue had moderately
reduced perfusion in 42% of dyshinctional segments and severely
reduced or absent perfusion in 58%.

done at rest with the patient in the supine position. The LVEF
was calculated by standard methods (Odyssey VE Picker,
Cleveland, Ohio, USA).

Statistical analysis

All continuous data are expressed as mean (SD). Percentages
are rounded. Comparisons were made using the Student ¢ test
for unpaired samples. A probability value of p < 0.05 was
considered significant.

RESULTS

Patient characieristics

Clinical characteristics of the 104 patients (87 men, 17
women; mean (S0} age, 60 (9) years) are summarised in table
1. All patients presented with symptoms of heart failure. The
mean New York Hear{ Association (NYHA} lunctional class
was 2.5 (0.5}; 67 patients were in NYHA class 11T or 1V The
majority {93%) of the patients had suffered a previous
myocardial infarct {all occurring more than one month before
viability assessment). IVEF assessed by radionudlide venericu-
lography averaged 25 {7)% (range 9-35%). In 23 patients the
INVEF was 20% or less, in 54 it was berween 21% and 30%, and
in 27 it was more than 30%.

Segmental analysis

Contractile function

Cross sectional echocardiographic analysis of regional left
ventricular function was done in 1664 segmenuts, of which 189
were notmal and 297 mild hypokinetic. Cf 1178 dysfunctional
segments (71%), 584 showed severe hypokinesia, 578 aki-
nesia, and 16 dyskinesia. The mean (SD) npumber of dysfunc-
tional segments per patient was 11.3 {4.2).

Table 2 Comparison of segment viahility in three
groups divided by left ventriculor ejection fraction

Characteristics of LYEF €20%  LYEF 21-30%  LYEF >30%
segmenis (Z3 patients) (54 patients) (27 patients)
Dyshunctional 14.7 [2.0} 10.9 [4.5)F 9.71{3.9
Viable by Te9%m 6.4 (3.7) 4.6 [3.8]* 3.8 (3.2}
Vicble by Te99m 7.2 [4.0) 3[40 42(3.2)

+ DG

* e0.05; $p<0.003 v LVEF $20%.
L FDG, Auarodeoxyglucease; LVEF, left venrricular ejection fraction.
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Figure 2 {A}] Amount of viable myocardivm indicated by the
number of vieble segments in 23 patients with a left ventricular
sjection fraction (LVEF)] < 20%. Using perfusion as the only criterion
of viability, 18 patients {78%] had significant viahility (= 4 viable
segments| and five {22%) did not have significant viability.

[BY Amount of viable myacardium indicated by the number of vichie
segments in 54 potients with an EVEF > 20% but = 30%. Using
perfusion as the only criterion of viability, 27 patients [50%) had
significont viahility (2 4 viable segments), ond 27 [50%) did not
herve significant vichility. [C] Amount of viable myocardium
indicated by the number of viable segments in 27 patients with an
LVEF > 20% but < 35%. Using perfusion as the only criterien of
viability, 11 patients {41%} hod significant viability (= 4 viabie
sagments| and 14 [59%) did not have significant viability,

Perfusion imaging alone

Using myocardial perfusion as the only criterion of viability,
497 dysfunctional segments (42%) were classified as viable.
Three hundred and sixteen dysfunctional segments (27%) had
normal Tc-99m-tetrofosmin uptake, and 181 (13%) had a
mildly reduced uptake, The remaining 681 dysfunctional seg-
rents {58%) had a Te-99m tetrofosmin uptake score of 2 or 3
and were classified as non-viable.

Combined perfusion and metabolic imaging

Using perfusion imaging in conjunction with FDG SPECT, 558
of the dysfunctional myocardial segments (47%} were
classified as viable. Of these viable dysfuncrional segments,
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Figure 3 [A) Amount of viable myocardium indicated by the
number of viable segments in 23 patients with a left venfricular
ejsction fraction [LVEF} € 20%. Using perfusion in combination with
metobolic eriteric for viability, 19 palients {83%) had significant
viability {# 4 viable segments) and four {17%} did not. {B] Amount of
viable myocardivm indicated by the number of viable sagments Tn
54 patients with an LVEF > 20% bul € 30%. Using perfusion in
combination with melaholic crileria for viahility, 30 palients [56%)
had significant viability (= 4 viable segments) and 24 [44%] did not.
{C) Amount of viable myocardium indicated by the number of viable
segments in 27 patients an LVEF » 30% but < 35%. Using perfusion
in combination with metaboliz criteria for viebility, 14 potients [52%)
had signifizant viability (= 4 viable segmenis} and 13 {48%) did not.

497 {42%) had normal or mildly reduced perfusion and 61
addirional segments (5%} had a perfusicn-metabolism
mismaich pattern. Cenversely, 620 dysfunctional segments
{53%) were classified as non-viabie {with a matching pattern
of perfusien and metabolism). Figure 1 shows the myocardial
perfusion in the dysfunctional segments that were classified
as viable and non-viable by combined perfusion and metabolic
imaging.

Palient onalysis

Contractile function

Patients with an LIVEF of 20% or less had more dysfunctional
segments than those with an LVEF of 21-30% (14.1 (2.0} v
10.9 {4.5), p < 0.005) or those with an LVEF of more than 30%
(14.1 {2.0) v 9.7 (3.9}, p < 0.0001). The number of dysfunc-
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tional segments was not significantly different between
parients with an LVEF of more than 30% and those with an
LVEF of 21-30% (9.7 {3.9) v 10.9 {4.5); p = 0.2} {1able 2).

Perfusion imaging alene

Al} patients had on average 4.8 (3.7} {range 0~14) dysfunc-
tional but viable segments. When myocardial perfusion was
used as the ondy criterion of viability 56 patients {34%) had a
significant amount of viable myocardium (on average 7.5 {2.9)
segmenis) and 48 patienis (46%) did not have significant
viability {1,6 (1.2} segments). Figure 2 shows the number of
viable segments per patient with perfusion imaging alone for
the three LIVEF groups.

Combined perfusion and metabolic imaging

Among the 48 patients with no significant viabiity by
perfusion imaging alone, seven additional patients (15%) had
viable myocardium when assessed using a combination of
perfusion and metabolic imaging. All 56 patients with signifi-
cant viability when assessed by perfusion alone also had
significant viability with combined perfusion and metabolic
imaging {on average, 8.2 (3.2) viable segments). Thus
perfusion imaging in combination with metabolic imaging
showed that 63 patients {61%) had a significant ameount of
viable tissue {7.8 (3.2} segments). Forty one patients (35%)
did net have significan: residual viable dysfunctional rissue
{on average, 1.6 (1.2) viable segments}. Overall, the patients
had 5.4 (4.0) viable dysfunctional segments. Figure 3 shows
the number of viable dysfuncrional segments for patients in
the three different IVEF categories.

DISCUSSION

Wiable myacardivm

Heart failure is becoming a major problem in clinical cardiol-
ogy. Inrecent years the incidence of patients with heart failure
has increased despite progress In prevention and treatment.’
Chronic heart fajlure is predominantly caused by coronary
artery disease and has a poor prognosis.’ In a subset of
patients with heart failure resulting from coronary artery dis-
ease, coronary revascularisation may improve lefl ventricular
funcrion, heart faflure symproms, and survival,®® bur the risks
of revascularisation in such patienis are subsiantial. Also,
apart from the need to assess clinical variables such as target
vessels and comorbid factors, it is important to evaluate ryo-
cardial viability as part of the complex selection process in
candidates for revascularisation.

Previous estimates suggest that between 25-40% of the
patients with heart failure caused by coronary artery disease
may show useful functional improvement  after
revascularisation.” In our hospital, patients with coronary
artery disease, a depressed LVEF, and heart failure are always
referred for assessment of myocardial viability. This approach
allows improved risk stratification and results in optimal
treatment for the individual patient. In: the present study, we
examined myocardial viability in a consecutive series of
patients from our heart faflure registry.

A few previous studies have examined myocardial viability
on an individual patient basis. Using FDG positron emission
tomagraphy (PET), Pasquet and colleagues found that among
66 patienits with severe left ventricular dysfunction, 28 (47%)
had an improvement in IVEF of at least 5% after coronary
revascularisation, while eight (14%) had an improvement of
more than 10%.” Al-Mohammad and colleagues studied the
prevalence of hibernating myocardium in 27 patients using
FDG PET" Fourteen of these had significant areas of
hibernating myocardium on PET. Auerbach and associates,
also using FDG PET, studied 283 patients with ischaemic car-
diomyopathy and found rthat 156 (55%) had viable
myocardium.” In the present study, 54% of the patients
showed significant viability when myocardial perfusion was



used as the only index, while perfusion imaging in combina-
tion with metabolic imaging identified a further 7%; thus 61%
of the patients in alj had a significant amount of viable tissue.
These observations are in close agreement with those of
Al-Mohammad and Averbach using FDG PET." ”

In the present study patients with an IVEF of 20% or less
had more dysfunctional but viable segments than those with
an LVEF of 21-30% or with an LYEF of more than 30%. In line
with our results, Fath-Ordoubadi and colleagues reported that
in 47 patients with coronary artery disease and chronic left
ventricular dysfunction, those with an IVEF of 30% or less had
more dysfunctional but viable segments than those with an
IVEF of more than 30%.” Moreover, after revascularisation the
LVEF improved in patients with an initial IVEF of 30% or less,
whereas it remained unchanged in those with an LVEF of
more than 30%. It seems that patients with the most severe
ieft veniricular dysfunction benefit more from revascularisa-
tion than those with less severe dysfunction. These findings
may have imeportant clinical implications in relation to revas-
cularisation, as severe left ventricular dysfunction has a very
poor prognosis when treated medically.’

How much viable tissve s required to be dinically
relevant?

In the presemt study a patient was considered to have a
significant amount of viable myocardium if there were at least
four or more dysfuncrional viable segments in a 16 segment
meodel. This definition was based on a previous study using
ROC curve analysis showing that improverent in LVEF after
revascularisation can be anticipated when 25% or more of the
left veniricle is viable.” Di Carli and colleagues reported thatin
patients with coronary artery disease and left ventricular dys-
function and with more than 5% viable tissue, the survival rare
of revascularised patients was higher than in those who were
weated medically (88% v 50%).* These data suggest that
revascularisation in patients with 5-25% of viable myocardial
tssue, while being unlikely to result in functional recovery,
may still improve prognosis. Moreover, five prognostic FDG
PET studies have reported a high event rate (42%) in patients
with viable tissue treated medically” though these studies
were of retrospective design without randomised weatment.
Nevertheless it appears that for functional improvement to
occur more viable myocardium is needed than for improve-
ment in prognosis. How much viable myocardium is needed to
be clinically refevant remains 1o be established in randomised
prospective studies focusing on both functional improvement
and prognosis.

Perfusion alone versus perfusion and metabolism
Detection of reduced myoecardial perfusion (without any addi-
tional information about metabolism) has been proposed as a
method for differentiating viable from non-viable myocar-
dium. Thallium-201 or technetium-99m labelled tracers have
been used in various studies to assess myocardial viability.™
However, it appears that the diagnostic accuracy of perfusien
imaging for detecting viable tissue is less than that of
perfusion imaging combined with FDG metabolic imaging.
Three studies have shown that metabolic evidence of viability
may be present while perfusion is absent Sawada and
colleagues studied 20 patients with a previous myocardial inf-
arction and reported that evidence of viability obtained by
FDG PET was still present in 50% of segments which had
technetivm-99m activity of less than 40%.7 Soufer and asso-
ciates, in a study of 37 patients with coronary artery disease,
found that FDG PET accurarely predicled functional improve-
ment after revascularisation in segments that were non-viable
with technetium-99m imaging but viable with FDG metabolic
imaging.” Altchoefer and colleagues studied 111 patients with
coronary artery disease and showed that 5-11% of scgments
with technetium-99m activity of 30% or less were viable
according to FDG imaging.”

Our study supports those findings. When only perfusion
was used to indicate viable myocardium, 56 patients {54%)
showed significant viabiliry, while a combination of perfusion
and FDG imaging identified 63 patients {£1%) with signifi-
cantly viable myocardium. Hence, of the 48 patients with no
significant viability by perfusion Imaging alone, seven
additional patients {15%) had significantly viable myocardium
when the information on metabolic imaging was added. This
is of clinical relevance, as about one in seven patients initially
thought not to have a significant amount of viable tissue on
perfusion imaging were found to be eligible for revascularisa-
tion when the combined test was used. It thus appears that
perfusion imaging alone underestimates viability, and the
combination. of perfusion imaging and FDG metabolic
imaging is a better way of discriminating between viakle and
non-viable myocardium. Furthermaore, combined imaging has
been shown to provide berter discrimination between seg-
ments with a relatively high and a relatively low likelihood of
recovery of function after revascularisation.”

Study limijaiions

The centre where this study took piace is a tertiary referral
centre and thus a pre-existing patient selection bias may be
present.

The SPECT imaging protocol did not include administration
of nitrates before tracer injection. Nitrate administration may
enhance the detection of myocardial viability with To-$9m-
tetrofosmin SPECT in patients with coronary artery disease
and left ventricular dysfunction.”

During SPECT data reconstruction, no atteriuation. correc-
tion was applied and this may have influenced the accuracy of
the results. Matsunari and colleagues reported that the use of
attenuation corrected Tc-89m-tetrofosmin SPECT improved
the detection of viable myocardium, mainly by decreasing the
underestimation of viability in the inferior septal region.”

The findings in our study did not include the results of
recovery of function after revascularisation. However, that was
not a goal of the study. Our aim was specifically to quantify the
presence of significant myocardial viability in patients with
chronic coronary artery disease, depressed IVEE and heart
failure symptoms.

Conclusions

On the basis of the presence of wiable dysfuncticnal
myocardium, 61% of patients with chronic coronary artery
disease and a depressed left ventricular ejection fracticn
presenting with heart (ailure symptoms may be considered for
coronary revascularisation. The combination of perfusion and
melabolic imaging identified more patients with viable
myocardium than perfusion imaging alone.
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Abstract

Background:  waves on the ECG are often considered to be reflective of
irreversibly scarred myocardium, as a result of antecedent transmural myocardial infarction.
However, there are some indications that residual viable tissue may be present in ) wave
infarcted regions. It is clinically relevant to know how many  wave regions contain viable
tissue, since these patients may benefit from revascularization in terms of improvement of
function and long-term survival.

MMethods: Patients (n=150) with chronic electrocardiographic Q wave infarction, heart
failure symptoms and chronic coronary artery disease underwent dobutamine-atropine stress
echocardiography to assess myocardial viability. Residual viability in regions with Q wave
mfarction was considered present when the end-diastolic wall thickness (EDWT) was >6 mm
and the response during dobutamine infusion indicated viable tissue.

Results: Baseline echocardiography revealed 517 dysfunctional myocardial regions,
202 of the dysfunctional regions were related to @ waves on the ECG, the other 315
dysfunctional regions were not. EDWT was <6 mun in 13 regions with a Q wave on the ECG,
with only 1 region exhibiting viable tissue during dobutamine stress echocardiography.
EDWT was >»6 mm in 189 regions with a Q wave with 118 (62%) having viable tissue on
dobutamine stress echocardiography. In 6 dysfunctional regions without a Q wave EDWT
was <6 mm with all being nonviable on dobutamine stress echocardiography; of the 309
regions without a Q@ wave and EDWT >6 mm, 204 (66%) exhibited viability on dobutamine
stress echocardiography.

Conclusions: 58% of dysfunctional regions related to chronic Q waves was viable
according to the combined information of EDWT and dobutamine stress echocardiography.
EDWT <6 mm virtually excludes viability; regions with EDWT >6 mm need additional
testing to detect/exclude viability,
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Introduction

Left ventricular dysfunection in patients with chronic coronary artery disease most
often results from either scarring, as a consequence of myocardial necrosis, or from
hibernating myocardium (1). In the case of hibemating myocardium, coronary
revascularization may reduce heart failure symptoms, and improve left ventricular function
and survival (2,3). Q waves on ECG are often considered to be reflective of irreversibly
scarred tissue, as a result of antecedent transmural myocardial infarction. There is, however,
some evidence that viable tissue may be present in regions with @ waves on the ECG.
Autopsy studies in patients with myocardial infarction revealed that substantial amounts of
viable tissue were present in regions with Q waves (4,5). Moreover, chronic Q waves have
disappeared and asscciated abnormal regional wall motion has improved after coronary
revascuiarization (6,7). However, it is currently unclear how many regions with Q waves
contain viable tissue. To evaluate myocardial viability in Q wave regions, 150 consecutive
patients with a previous Q wave infarction were studied with dobutamine-atropine stress
echocardiography.

Material and methods

Patient population, study protocel: The study included 150 consecutive patients
with chronic electrocardiographic Q wave infarction, heart failure symptoms and chronic
coronary artery disease. Initially 195 patients were considered for inclusion, however patients
with electrocardiographic evidence of intraventricular conduction abnormalities (5 patients
with left bundle branch block, 8 with right bundie branch block), primary cardiomyopathy (4),
significant valvular heart disease (17), or an unacceptable acoustic window (11) were not
included. In all patients, ECGs were obtained >1 year afier onset of acute myocardial
infarction. Patients with previous coronary bypass surgery or corcmary angioplasty were
studied >1 year after coronary revascularization. Echocardiography at rest to identify regional
dysfunction and assess end-diastolic wall thickness (EDWT) in the infarct region was
followed by low-high-dose dobutamine stress to detect residual viability in these regions.
Resting radionuclide ventriculography was used to determine the left ventricular ¢jection
fraction. The local medical ethics committee approved the protocol and all patienis gave
informed consent.

Electrocardiography: The surface ECGs were read by two experienced cbservers
without knowledge of the dobutamine-atropine stress echocardiographic results. Q waves
were considered pathologic if they met the following criteria: (1) Q wave of 230 ms in aVF,
(2} Q wave of 240 ms in I and aVL, (3) Q wave of 240 ms in 22 of V4 through V6, (4) R
wave of 240 ms in V1, (5) any Q wave in V2, and (6) R wave 0.1 mV and 10 ms i fead V2;
according to the Selvester QRS screening criteria for 2 wave myocardial infarction (8,9).

Echocardiography: All echocardiograms were recorded with an HP Sonos-5500
system (Andover, Massachuseits) with a 1.8 MHz transducer using second harmonic imaging
to optimize endocardial border visualization. After baseline echocardicgraphy, dobutamine
was administered, starting at a dose of 5 pg/kg body weight per minute for 5 minutes,
followed by a 10 ug/kg/min dose for 5 minutes. Then, incremental dobutamine doses of 10
ugfkg/min were given at 3-minute intervals up to a maximurm dose of 40 pg/kg/min. If the test
end-point was not reached at a dobutamine dose of 40 pg/kg/min, atropine {(up to 2 mg) was
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given intravenously. Test end-poinis were: achievement of target heart rate, extensive new
wall motion abnormalities, ST-segment depression (22mm compared with baseline), severe
angina, systolic blood pressure fall >40 mm Hg, blood pressure >240/120 mm Hg, significant
arthythmia.

Echocardiographic analysis: Two experienced reviewers unaware of the electro-
cardiographic data scored the echocardiograms using a standard 16-segment model (10). To
relate the echocardiographic data to the Q waves on ECG, the left ventricle was divided into
four major regions: anterior, septal, lateral, and inferoposterior, Measurement of EDWT and
the scoring of regional function and response to dobutamine infusion were performed by two
observers, blinded to the ECG data.

1. End-diastolic wall thickness: The resting echocardiographic images were analyzed
off-line using standard parasternal and apical views. EDWT was assessed as previously
described {11,12). The frames that provided best possible visualization of the endocardial and
epicardial borders were selected. The EDWT was assessed at the center of each myocardial
region from the leading endocardial edge to the leading epicardial edge and calculated as the
mean value of three measurements. According to the EDWT, viability was considered absent
when EDWT was <6 mm, and present when EDWT was >6 mm (11,12).

2. Regional function and response to dobutamine: Regional wall motion and
systolic wall thickening were scored on a S-point scale: (1) normal, (2) mild hypokinetic, (3)
severe hypokinetic, (4) akinetic and (3) dyskinetic. Myocardial segments were considered
normal if the regional wall metion was normal or mild hypokinetic. Only dysfunctional
segments (segments with severe hypokinesia, akinesia or dyskinesia at resting
echocardiography) were evaluated for myocardial viability. Segments with improvement,
worsening or a biphasic wall motion response during dobutamine stress echocardiography
were considered viable (13). Segments with unchanged wall motion were considered
nonviable (13). For each patient a wall motion index score (WMSI) was calculated (total wall
motion score divided by the number of analyzed segments) at rest, at low-dose, and at peak
stress.

Assessment of the ejection fraction: The left ventricular ejection fraction was
assessed by radionuclide ventriculography at rest in all patients. A small field-of-view gamma
camera systern (Orbiter, Siernens, Erlangen, Germany) was used, oriented in a 45° left
anterior cblique position with a 5 to 10° caudal tilt. After injection of Tc-99m (740 MBq),
radionuclide ventriculography was performed at rest with the patient in supine position. The
left ventricular ejection fraction was calculated using standard methods (Odyssey VP, Picker,
Cleveland, Ohio) (13).

Statistical analysis: All continuous data are expressed as mean = SD, percentages are
rounded. Continuous variables were compared using the student t-test for unpaired samples.
Differences between proportions were compared using the chi-square test. A value of p<0.05
was considered statistically significant.
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Results

Patient pepulation, electrocardiographic results: All patients presented with heart
failure symptorns, New York Heart Association (NYHA) functional class was on average 2.8
= 0.7, while 72% of the patients was in NYHA functional class IH or IV. The left ventricular
function was severely impaired in all patients, the ejection fraction averaged 31% * 12%.
Importantly, 40 patients (27%) had a left ventricular ejection fraction <25%. The clinical
characteristics of the study population are presented in Table 1.

All 130 patients had a previous Q wave myocardial infarction at least one year before
the study (mean 7.2 + 5.9 years before). Pathological Q waves on the echocardiogram were
present in 220 myocardial regions: 101 anterior, 30 septal, 30 lateral, and 59 infero-posterior
regions exhibited Q waves. On average patients had 1.5 + 0.6 regions with a Q wave pattern.

Table 1. Demographics of 130 patients undergoing dobutamine stress echocardiography

Age (yrs) 59 10
Male 125 (83%)
Previous CABG >1 year 22 (15%)
Previous PTCA >1 year 22 (15%)
Previous cerebrovascular disease 2(1%)
Diabetes mellitus 23 (15%)
Famity history 91 (61%)
Smoking previous/current 58 (39%) / 55 35%)
Multivessel disease 137 (91%)
NYHA functional class 28107
LVEF (%) 31+12

Data are presented as mean + SD or number (%) of patients; CABG = coronary artery bypass
graft surgery; LVEF = left ventricular gjection fraction; MI = myocardial infarction; NYHA =
New York Heart Association; PTCA = percutaneous transluminal coronary angioplasty.

Resting echocardiography: Echocardiography at rest revealed 517 dysfunctional
myocardial regions, 202 of the dvsfunctional regions were related to Q waves on the ECG, the
other 315 dysfunctional regions were not. Thus, 202 out of 220 regions (92%) with Q waves
were dysfunctional at resting echocardiography. In addition, 315 regions not related to Q
waves on the BECG revealed abnormal resting wall motion.

The EDWT was preserved (6 mm) in 498 of 517 (96%) dysfunctional regions.
Figures 1A and 1B demonstrate the obtained data in regions without and with chronic Q
waves, respectively. An EDWT <6 mm was more frequently observed in Q wave regions than
in dysfunctional regions without Q waves (13 of 202 versus 6 of 315, p<0.05).
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315 dysfunctional regions
without Q waves

N

EDWT > 6 mm

308

DSE viable
204

DSE viable
0

Figure 1A. Diagram showing the data obtained for the 315 dysfunctional vegions without O
waves. The end-diastolic wall thickness (EDWT) was preserved (>6 mm) in 309 (98%) and
reduced (<6 mm) in 6 (2%) of the dysfunctional regions. Based on the combined information
of EDWT and dobutamine stress echocardiography (DSE), 65% (204 of 313) of the
dysfunctional regions without Q) waves exhibited viable tissue.

EDWT > 6 mm

189

DSE viable
118

DSE viable
1

Figure 1B. Diagram showing the data obtained for the 202 dysfunctional regions with
chronic electrocardiographic @ waves. The end-diastolic wall thickness (EDWT) was
preserved (5 mm) in 189 (94%) and reduced (<6 mmj in 13 (6%) of the dysfunctional
regions. Based on the combined information of EDWT and dobutamine stress
echocardiography (DSE), 58% (118 of 202) of the dvsfunctional regions with a Q wave
infarction exhibited viable tissue.
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Dobutamine stress echocardiegraphy: Table 2 shows the hemodynamic and wall
motion changes during dobutamine stress. There was a significant increase in heart rate at
baseline compared to the heart rate at peak stress (74 + 16 vs. 130 + 18 beats/min, p<0.0001).
Overall, diastolic blood pressure decreased (75 + 14 to 72 + 15 mm Hg, p<0.03) and systolic
biood pressure did not significantly change during dobutamine infusion. Puring low-dose
dobutamine infusion, wall motion improved significantly, (baseline WMST 2.81 + 0.71 vs.
low-dose WMSI 2.50 £+ 0.66, p<(.0001). At peak stress, WMSI worsened compared to the
WMST at the low-dose stage (2.74 & 0.69 vs. 2.50 £ 0.66, p<0.005). Regions with EDWT <6
mm virtually never exhibited viability on dobutamine stress echocardiegraphy, as indicated in
Figures 1A and 1B. In regions with EDWT 6 mun, the response to dobutamine varied. In
regions with a Q wave infarction, 62% exhibited viability on stress echocardiography,
whereas 38% of the regions demonstrated scar tissue. In regions without a Q wave, 66%
exhibited viable tissue and 34% scar tissue on dobutamine stress echocardiography.

Table 2. Dobutamine stress echocardicgraphic data.

Baseline Low-dose Peal
Heart rate (beats/min) 74+ 16 76 x 18 130+ 18
Systolic BP (mm Hg) 126 +£26 125 =28 126 =28
Diastolic BP {mm Hg) 75+ 14 74 £ 15 72415
WMSI 2.81+0.71 2.50£0.66 274 £ 0.69

Data are presented as mean + SD or number (%) of patients. BP = blood pressure; WMSI =
wall motion score index.

Q wave No Q wave
n=202 n=315

(58%) (65%)

—Viable B Nonviable

Figure 2. Pie chart showing the incidence of viable myocardium in 517 dysfunctional
regions; combined information of end-diastolic wall thickness and dobutaming stress
echocardiography demonstrated residual viability in 58% (118 of 202) of the dysfunctional
regions with a Q wave pattern, and in 65% (204 of 315) dysfunctional regions without Q
waves on the ECG (p=0.2).
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Based on the combination of the EDWT and the response to dobutamine, 38% (118 of
202) of the regions with a Q wave infarction exhibited viable tissue. In addition, in 65% (204
of 315) of the dysfunctional regions not refated to Q waves on the ECG, viable tissue was
preseni. The incidence of viable tissue in dysfunctional regions with a Q wave infarction was
not different from the incidence of dysfunctional regions without a Q wave infarction (Figure
2).

Discussion

The findings in the present study demonstrate that chronic Q waves on the ECG do not
exclude the presence of viable myocardial tissue in patients with severely depressed left
ventricular function. An EDWT <6 o, indicating scar tissue, was more frequently observed
mn Q wave regions than in dysfunctional regions without Q waves. In general, regions with an
EDWT <6 mm were scarce. Only 19 of 517 regions had an EDWT <6 mm. La Canna et al
{12), comparably showed that only 13% of dysfunctional regions in patients with severely
depressed left ventricular function had an EDWT <5 mm. In line with these previous studies,
regions with an EDWT <6 mm virtually never exhibited viable tissue on dobutamine
echocardiography. Cwajg et al (11) showed that only 19% of the regions with an EDWT <6
mm was viable during dobutamine stimulation. Baer et al (14) used magnetic resonance
imaging and demonstrated that regions with EDWT <5 mm never improved in contractile
function after revascularization, indicating that regions with very thin walls do not contain
viable tissue and do not improve in function after revascularization. In regions with an EDWT
>5.5 mm however, the response to dobutamine varied significantly. In our study, only 62% of
the Q wave regions with an EDWT >»6 mm was viable on dobutamine stress
echocardiography, whereas 38% of these regions exhibited scar tissue on dobutamine
echocardiography. Sirnilarly, La Canna et al (12} demonstrated that 42% of the dysfunctional
segments with a preserved EDWT (5 mm) was nonviable on dobutamine stress
echocardiography. Moreover, Baer et al. {14) demonstrated that 38% of the segments with an
EDWT >5.5 mm did not improve in function post-revascularization. Based on these resulfs it
can be concluded that assessment of EDWT can be used as an initial screening technique for
assessment of viability. It can safely be concluded that regions with an EDWT <6 mm do not
contain viable myocardium and do not improve in function after revascularization. However,
in segments with an EDWT >6 mm, additional testing is needed, since approximately 40% of
these regions do not contain viable myocardium and will not improve in function post-
revascularization.

The aim of the current study was to evaluate the incidence of viable tissue in regions
with Q wave infarctions. Previous studies in small subsets of patients have already indicated
that some patients with @ wave infarctions have viable myocardium. Brunken et al (13)
showed in 20 patients that positron emission tomography using F18-fluorodeoxyglucose
revealed residual glucose metabolism in 21 of 31 (68%) Q wave regions. Similarly, Tillisch et
al (16) evaluated 17 patients with positron emission tomography in combination with F18-
fluoredeoxyglucose and showed that 16 of 28 (37%) regions with Q waves on the ECG
improved in contractile function after revascularization. Besides these 2 studies, no studies
have focused on the incidence of viable myocardium in patients with Q wave infarctions. In
the present study, a combination of resting echocardiography (to assess EDWT) and
dobutamine stress echocardiography was used to assess viability, in a large cohort of patients.
These echocardiographic techniques are more widely available than positron emission
tomography. Based on the combined information of EDWT and the findings during
dobutamine infusion, the incidence of viable myocardium in 150 patients with Q wave
infarctions was 58%, in line with the previous studies. Hence, electrocardiographic evidence
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of “transmural” infarction (Q waves) together with regional dysfunction at rest does not
exclude the presence of viable myocardium. In particular, the incidence of viable myocardium
in regions with Q wave infarction was comparable to the incidence of viable myocardium in
regions without a Q wave (Figure 2}. This finding is of clinical importance, since many
patients present with Q@ wave infarctions, depressed LV function and heart failure symptoms.
In the presence of viable myocardium, these patients may benefit from revascularization in
terms of improvement of left ventricular function and longevity (17-20). As evidenced by the
high incidence of viable myocardium in regions with Q wave infarctions in this large cohort
of patients, viability testing should be performed and Q waves in combination with contractile
dysfunction per se does not rule out the presence of viable myocardium.

Limitations: In the current study myocardial viability was assessed by dobutamine-
atropine stress echocardiography. This is a safe and widely available imaging method, with a
good sensitivity and specificity for the evaluation of myocardial viability (17). Still,
functional improvemnent of contractile dysfunction after coronary revascularization is
considered the final proof of myocardial viability. In this study functional improvement after
coronary revascularization was not assessed.

Patients who underwent previous coronary revascularization were included in the
study. Coronary revascularization might have influenced the presence and the number of Q
waves as well as the presence of viable myocardium. However, the time-interval between
revascularization and the current study was >1 year in all patients.

Conclusions: Chronic Q waves on electrocardiography do not exclude the presence of
viable myocardium; in 58% of the Q wave regions in 150 patients, viable tissue was present.
Thus, patients presenting with a previous Q wave infarction, severely depressed left
ventricular function and heart failure should be referred for viability testing. Initial evaluation
by resting echocardiography may already exclude the presence of viable tissue when EDWT
is 6 mm or less. However, in regions with @ waves and an EDWT >6 mm, additional testing
is needed since 38% of these regions did not show viability during dobutamine stress
echocardiography
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Chapter 5

Assessment of viable tissue in Q-wave
regions by metabolic imaging using single-
photon emission computed tomography in

ischemic cardiomyopathy

Schinkel AFL, Bax JJ, Elhendy A, Boersma E, Vourvouri EC,
Sozzi FB, Valkema R, Roelandt JRTC, Poldermans D

Am J Cardiol 2002;89:1171-1175

53






sessment of Viable Tissve in G-
egions by Mefabolic Imaging Using

gve

Single-Pholon Emission Compuied
Tomography in Ischemic Cardiomyopathy
Arend F.1. Schinkel, M, Jeroen J. Bax, mo, Abdou Elhendy, mp, Eric Boersma, #ho,

Eleni C. Vourvouri, mp, Fabiolg B. Sozzi, Mp, Roelf Valkema, mo,
Jos R.T.C. Roelandt, Mp, and Don Poldermans, Mp

Chronic elecirocardiographic @ waves are ofien be-
lieved to refiect irreversibly scarred, ronsmurally in-
farcted myocardium. The aim of this study was fo eval-
vate whether residval vioble fissue persists in
dysfunctional myocardial regions related to chronic @
waves on the surface elecirecardiogram. A total of 148
potients with healed myocardial infarction and impaired
left ventricular (LY) funciion with heart failure symptoms
vnderwent elecirocardiography and metabolic imaging
using fechnefium {Te-99m} tetrofosmin/F18-Buorode-
oxyglucose [FDG) single-photon emission computed fo-
mography [SPECT]. The leff ventricle was divided inte 4
major regions jo compare myocardial viability in re-
gions with and without chronic Q@ waves on surfoce
elecirocardiography. According to FDG SPECT metabolic

imaging, residual viable tissue persisted in a high pro-
portien [61%) of dysfunciional myocardial regions with
chronic G waves. Regions with chronic Q waves were
more offen dysfunctiongl than regions witheut Q waves,
Moreover, dysfunchional regions with chroric @ waves
were less frequently viable compared with dysfunchiondl
regions without Q@ waves on the elecirocardiogram. This
study demensirates that chronic & waves on electrocar-
diegraphy do not necessarily imply irreversibly scarred
myocardium. Residual viable fissue persisis in @ high
proportion of dysfunctional veniriculer regions accord-
ing to FDG SPECT mefubolic imaging. ©2002 by Ex-
cerpha Medica, Inc.

{Am ) Cardiol 2002;89:1171-1175)

aditionally, left ventricular (LV) dysfunction due
to chronic coronary artery disease was considered
irreversible and amenable only to medical therapy.*
However, it has become clear that chronic LV dys-
function in patients with chroni¢ coronary artery dis-
ease is not always irreversible.** If jeopardized but
vigble myocardium is present, coronary revasculariza-
tion may lead fo improved regional and global func-
tion.*” Moreover, improvement of functional status
and better survival may be expected if patients with a
substantial amount of dysfunctional but viable myo-
cardium are revascularized.* ™ Chronic ¢lectrocardio-
graphic Q waves are often believed to reflect irrevers-
ibly scarred, transmurally infarcted myocardium.
There is, however, some evidence that residual viable
myccardium may be present in dysfunctional regions
with chronic Q waves on electrocardiography. Patho-
logic studies in patients with myocardial infarction
suggested that substantial amounts of hibemating tis-
sue may persist in regions with Q waves.®® In addi-
tion, disappearance of chronic Q waves and improve-
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ment of IV function and contractility have been ob-
served after coromary revascalarization.'®! Tt is
currently not clear in how many veniricular regions
with Q waves viable myocardium persists. Accord-
ingly, this study evaluates myocardial viability in Q-
wave regions in a consecutive series of patients with
depressed LV gjection fraction (EF) and heart failure.

METHODS

Patient population end study protocol: The study
population consisted of 148 consecutive patients with
chronic coronary artery disease and an mmpaired LV
function, who had heart failure as the predominant
symptom. All patients had a previous myocardial in-
farction >6 months before viability assessment. Pa-
tients with left buadle branch block, primary cardic-
myopathy, or concomitant significant valvular disease
were not included. Patients with previous corcnary
revascularization were studied >1 year after the re-
vascularization procedure. All patients underwent
cchocardiography at rest to identify dysfunctional
myocardial tissue and dual-isotope simultaneous ac-
quisition myocardial single-photon ermission com-
puted tomography (SPECT), including technetium
(Tc-99m) tetrofosmin and F18-fluorodeoxyglucose
(FDG) to assess myocardial perfusion and glucose
utilization, respectively. The LVEF was assessed by
radionuclide ventriculograpity. Systemic hypertension
was defined as a blood pressure =140/90 mm Hg, ot
treatment with antihypertensive medication. Hyper-
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cholesterolemia was defined as a total cholesterol
=6.4 mmol/L, or treatment with lipid-lowering med-
ication. The hospital medical ethics committee ap-
proved the protocel and all patients gave informed
consent.

Elecirocardiographic analysis: Two experienced ob-
servers, \maware of any other data, read the surface elec-
trocardiograms. According to the Selvester QRS screening
criteria for Q-wave myocardial infarction, Q waves were
classified as pathologic if there was: (1) a Q wave of =30
ms in lead aVF; (2) a Q wave of =40 ms in leads | and
aVL; (3) a Q wave of =40 ms in =2 of leads V, to V,;
(4) a R wave of =40 ms in lead V; (5) any Q wave
in lead V,; and (6} R wave =0.1 mV and =10 ms in lead
V.21 Accordingly, pathologic Q waves were assigned to
4 LV regions: anterior (preserved R wave i lead V, and
pathologic ( wave in 21 of leads V,, to V.), septal (patho-
logic Q waves in leads V, V,,, and/or V), Jateral (patho-
logic Q wave in >1 of leads [, aVL, or V), or inferopos-
terior (pathologic Q wave in >1 of ieads 11, IIE, or aVF).!#

Assessment of wall motion abnormalities: A Hewlett
Packard Sonos-3500 imaging system (Andover, Mas-
sachusetts), equipped with a 1.8-MHz transducer us-
ing second harmonic imaging to optimize endocardial
berder visualization, was used to record 2-dimen-
sional echoeardiograms. Four standard views were
recorded, and 2 experienced reviewers blinded to the
SPECT data visually scored the digitized echocardio-
grams. Regional wall motion and systolic wall thick-
ening were scored using a 16-segment model (Figure
1) and a 5-point grading scale: 1 = normal, 2 = mildly
hypokinetic, 3 = severely hypokinetic, 4 = akinetic,
and 5 = dyskinetic,'*

SPECT dala acquisition: Patients received, after a
light breakfast, an intravenous injection of Te-99m-
tetrofosmin (600 MBq) to evaluate perfusion at rest.
FDG imaging, to evaluate glucose utilization, was
performed foliowing administration of Acipimox
(Byk, Zwanenburg, The Netherlands; 500 mg, oral
dose) in ali patients. Acipimox enhanges myocardial
FDG uptake by reducing the plasma level of free-faity
acids. Following Acipimox administration, the pa-
tients received a low-fat, carbokydrate-rich meal. This
small meal further enhances myocardial FDG uptake,
by stimulating endogenous insulin release. Several
studies have demonstrated very good image quality
using Acipimox.'®™'® Sixty minutss after the meal,
FDG (185 MBq) was injected, and after an additional
45 minutes to allow cardiac FDG uptake, dual-isotope
simultangous acquisition SPECT was performed. Per-
fusion and metabolic imaging were performed at rest
without stressors. A triple-head gamma camera sys-
tem (Picker Prismm 3000XP, Cleveland, Ohic) was
used. The camera system was equipped with commer-
cially available high-energy 511-keV collimators.'?
The energies were centered on the 140-keV photon
peak of Te-99m-tetrofosmin with a 15% window and
on the 511-keV photon peak of FDG with a 15%
window. Data acquisition was performed in the supine
position, over 360° (120 sectors of 3%). Total imaging
time was 32 minutes. Data were stored in a 64 X 64,
16-bit matrix.
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FIGURE 1. LV wall segmenis in the 16-segment madel. Four ma-
jor regiens were considered: the anterior region comprised seg-
ments 2, 7, and 12.; the septal region consisted of segiments 1,
5, 6, 10, and 17; the lateral region comprised segments 3, 8,
and 13; and the inferoposierior region consisted of segments 4,
9, 14, 15, and 18, AQ = aorig; AP2CH = apical 2-chamber
view; APACH = apical 4-chamber view; LA = left afium; LY =
left veniricle; PSLAX = parosternal long-axis view; PSSAX =
purtusiemal shori-axis view; RA = right airium; RV = right ven-
tricle.

SPECT data reconstruction and analysis: From the
raw scinfigraphic data, 6~mm-thick (1 pixel) transaxial
slices were reconstructed by filtered backprojection
using a Butterworth filter (cut-off frequency at 0.17
cycle/pixel of order 3.5). Attenuation correction was
not applied. Further reconstruction yielded standard
short- and long-axis projections perpendicular to the
heart axis. The Te-99m-tetrofosmin and the FDG data
were reconstructed simultaneously, to obtain an exact
alignment of the perfusion and metabolic images. The
perfusion and FDG studies were adiusted to peak
myocardial activity (100%). A similar 16-s¢gment
model as for the echo data was used (Figure 1). Only
segments with severe hypokinesia, akinesia, or dyski-
nesia were evaluated for myocardial viability. Both
Te-99m-tetrofosmin and FDG uptake defects were
semiquantitatively graded on a 4-point scale: 0 =
normal, 1 = mildly reduced, 2 = moderately reduced,
and 3 = severely reduced or absent, Myocardium with
a Te-99m-tetrofosmin uptake score =1 or 2 reduction
in Te-99m-tetrofosmin uptake scare more severe than
the reduction in FDG activity by =1 point (mismatch
pattern) was considered viable. Dysfunctional myo-
cardium with concordantly reduced Te-99m-tetrofos-
min and FDG uptake {match pattern) was considered
nonviable.



TABLE 1 Clinical Characteristics of the 148 Study Patients
Marn /women 125 [BA%}/23 {T16%)
Age (yrs) S0 £ @
Systemic hypertension 20 [14%)
Diabetes mellitus 24 16%)
Hypercholesteralemia 87 [45%)
Smoking history

Previous 58 (39%)

Current 54 {36%)
Family histery of coronary arery disease 90 [61%)
Previous cerebrovascular disenze 2{1%)
Previous coronary revascularizetion 3% (26%)
Mulfivessel coronary disease 134 (91%)
LYEF (%) 3¥ 211, range 10-43

Data are presented as number [%) of patients or mean value = SD.

See Methods For definifion of hypertension and hypercholesterolemia,

Comparison of elecirocardiography, echocardiogra-
phy, and SPECT: Q waves were ascribed to 4 regions:
anterior, septal, lateral, and inferoposterior. Accord-
ingly, the corresponding SPECT and echo segiments
(both using the same 16-segment model, Figure 1)
were grouped according to these 4 regions. A region
was considered dysfuncticnal if =1 segment in the
region was severely hypokinetic, akinetic, or dyski-
netic on echocardiography. A region was considered
viable when =1 segment in the region was viable on
SPECT (sce the previcusly mentioned criteria).

Assessment of the left ventricular ejection fraction: To
assess the LVEF at the time of the viability testing,
radionuclide ventriculography at rest was performed
in all patients. A small field-of-view gamma camera
systern (Orbiter, Siemens, Erlangen, Germany) was
used, oriented in a 45° left anterior obligue position
with & 5° to 10° caudal tilt. After injection of Tc-99m
(740 MBq), radionuclide ventriculography was per-
formed at rest with the patient in a supine position.
The LVEF was calculated by standard methods (Od-
yssey VP, Picker, Cleveland, Ohio).™

Stafistical analysis: All continuous data are ex-
pressed as mean = SD, percentages are rounded.
Continuous variables were compared using the Stu-
dent’s ¢ test for unpaired samples. Diffcrences be-
tween proportions were compared using the chi-
square test. A p value of <0.05 was considered sta-
tistically significant.

RESULTS

The clinical characteristics of the patients are lsted
in Table 1.

Electrocardiographic resulis: An abnormal Q-wave
pattern was present in 216 myocardial regions (101
anterior, 29 septal, 28 lateral, and 58 inferoposterior).
The patients had on average 1.5 & 0.6 regions asso-
ciated with & Q-wave pattern on the electrocardio-
gram.

Woall motion: Of a total of 216 Q-wave regions, 200
(93%) had an abnormal wall motion pattern. Most of
the regions without Q waves also exhibited an abnor-
mal wall motion pattern (326 of 376 regions, 87%).
Hence, most of the regions had an abnormal wall

motion pattern, but regions with Q waves were more
often dysfunctional compared with regions without Q
waves (p <(0.05). Regions with abnormal wall motion
had an average of 2.7 = 1.1 dysfunctional segments:
1.5 = 0.8 severely hypokinetic, 1.2 * 1.0 akinetic,
and 0.03 & 0.21 dyskinetic segments. Overall, there
were 526 dysfunctional regions, with 200 related to
chronic Q waves on the electrecardiogram.

FDG SPECT: According to metabolic imaging with
FDG SPECT, 365 of the 526 dysfunctional myocar-
dial regicns (69%) were classified as viable. There
was a significant difference between the proportion of
dysfunctional but viable regions between regions with
and without Q waves. However, in a high proportion
of regions with an abnormal wall motion and patho-
logic Q waves on the electrocardiogram, persistent
viable myocardium was identified. FDG SPECT met-
abolic imaging demonstrated persistent viable myo-
cardial tissue in 122 of the 200 dysfuncticnal regions
{61%) with a Q-wave pattern, and in 243 of 326
dysfunctional regions (75%) without Q waves on the
electrocardiogram (p <(0.00G5). There were on average
1.4 + 1.0 viable segments in a region. Figure 2 shows
the incidence of viable myocardium in dysfunctional
regions with and without chronic Q waves.

DISCUSSION

Chronic electrocardiographic Q waves are often
believed to reflect scarred tissue. However, there is
evidence that viable tissue may be present in dysfunc-
tional myocardium related to chronic Q waves on the
etectrocardiogram.® ™! The present study demon-
strates that chronic Q@ waves on electrocardiography
do not necessarily imply irreversible myocardial dam-
age. According to FDG SPECT metabolic imaging,
viable tissue persisted in a high proportion (61%) of
dysfunctional myocardial regions with chronic @
waves. The persistence of viable tissue in Q-wave
infarcted regions has important implications for clin-
ical decision making, because multiple studies® "
have demonstrated that residual myocardial viability
is an important determinant of cutcome after coronary
revascularization. In the presence of persistent viable
myocardivm, revascularization can improve LV func-
tion, reduce heart failure symptoms, and improve
perioperative and late survival.*~"* Moreover, pa-
tients with LY dysfunction as a result of jeopardized
but viable myccardium have a better prognosis fol-
lowing coronary revascularization than after medical
therapy.?! The current findings suggest that, in pa-
tients with LV dysfunction as a result of Q-wave
infarcted myocardium, viability testing should not be
omitted simply because chronic ¢ waves are present
on the electrocardiogram. FDG SPECT can be a use-
ful noninvasive too! that enables physicians to identify
those patients who will benefit most from coronary
revascularization.

In the present study, residual viable fissue was
present in a large proportion of dysfunctional regions
with Q waves. Thus far, data on myocardial viability
in Q-wave infarction are limited. Hashimoto et al™
studied 22 patients with FDG and positron emission
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Q wave
n=200
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OViable @ Nonviable

No Q wave
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(75%)

FDG imaging using SPECT cameras
equipped with high-energy collima-
tors was developed. Several studies
have compared FDG SPECT to FDG
positon  emission  tomography,
showing excellent agreement be-
tween the 2 techmiques, whereas
other studies have shown the accu-
racy of FDG SPECT to predict func-
tional recovery. > The availability
of FDG SPECT may contribute to a
more widespread use of FDG for the
assessment of viability in patients
with LV dysfunction.

Study limitations: This stxdy has
several limitations. The first limitation
is the lack of quantitative information
on myocardial perfusion and metabo-
lism. Second, the correlation between

243

FIGURE 2. The proporfion of viable myocardium in 526 dysfunctional ventricular re-
gicns according to FDG SPECT imaging. Viable fissue persisted in 122 of the 200
dysfunctional regions [61%} with chronic electrocardiegraphic @ waves, and in 243
of 326 dysfunctional regions [75%} without a Q-wave patiern {p <0.005).

tomography. Myocardial viability in the infarcted re-
gion was observed in 36% of the patients with a
Q-wave infarction. Tillisch et al*® studied |5 patients
with LV dysfunction and Q waves using FDG positron
emission tomography. In 54% of dysfunctional re-
gions with a  wave on the electrocardiogram, meta-
bolic imaging demonstrated wviable myocardium.
Brunken et al'* studied 20 patients with FDG positron
emission temography and showed viable myocardium
in 68% of the Q-wave regions. The present findings
using FDG SPECT imaging are consistent with the
previous observations with FDG positron emission
tomography and revealed viable myocardium in 61%
of the regions with a Q-wave infarction.

Assessment of vicbility by FDG SPECT: Since the
introduction of the concept of myocardial viability,>*
several noninvasive methods have been developed to
identify jeopardized but viable myocardium. Various
nuclear imaging techniques can be used to assess
whether characteristics of viable myocardium, cell
membrane integrity, or residual metabolic activity, are
present in dysfunctional myocardium. Many studies
have reported on the high diagnostic accuracy of FDG
imaging with positron emission tomography to assess
myocardial viability. Preserved myocardial uptake of
FDG in combination with reduced myocardial perfu-
sion (flow-metabolism mismatch) is indicative of vi-
able myoecardium. Matched defects are considered
nonviable scar tissue. In patients with severe LV dys-
function, preoperative viability assessment using FDG
positron emission tomography is a well-established
methed to predict functional recovery after coronary
revascularization.® However, positron emission to-
mography 1s not widely available, and the number of
patients with LY dysfunction who require viability
festing is growing. Therefore, as a widely available
alternative to positron emission tomographic imaging,
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electrocardiographic Q waves and the
infarct location may not be exact.
Third, coronary revascularization may
have influenced the presence and num-
ber of () waves as weli as the detection
of viable myocardium. Finally, func-
tional outcome after coronary revascularization was not
studied.
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Abstract

Background: Due to chronic exhaustion of cardiomyocytes and damage of the
contractile apparatus, contractile reserve may be observed less frequent in hibernating than in
stunned myocardium. The aim of this study was to assess the presence of contractile reserve
in response to dobutamine infusion in a large group of patients with stunned and hibemating
myoccardium.

Methods: A total of 198 consecutive patients with ischemic cardiomyopathy
(LVEF<40%), underwent resting 2D echo to assess regional contractile dysfunction. Based on
assessment of perfusion (with Te-99m-tetrofosmin SPECT) and glucose utilization (with F18-
fluorodeoxyglucose SPECT), dysfunctional segments were classified as stunned, hibernating
or scar tissue (divided into transmural and nontransmural scars). Contractile reserve was
evaluated by dobutamine stress echocardiography.

Results: Dobutamine-induced contractile reserve was more frequently found in
stunned than in hibernating myocardiam (61% versus 31%, respectively, p<0.01}. Only 14%
of the scarred segments improved in wall motion during dobutamine infusion, significantly
less than stunned or hibemating myocardium {p<0.0G1). Nontransmural scars exhibited
contraciile reserve more frequently as compared to transmural scars.

Conclusion: The progressive reduction of contractile reserve in stunned, hibernating,
and scar tissue, supports the hypothesis that stunning, hibernation, and scar are not
circumscript pathophysiclogical entities but represent gradual ultrastructural damage on the
myocyte level.
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Intreduction

In patients with ischemic cardiomyopathy, distinguishing between hibernating,
stunned and scarred myocardium may have important implications for clinical management
and outcome. If hibernating and/or stunned myocardium is present, coronary revascularization
may not only reverse regional wall motion abnormalities but also improve global function,
heart failure symptoms, and survival (1-3). Hibernating myocardium was defined as a chronic
state of contractile dysfunction with reduced blood flow at rest (4,5). Frequently however,
regional perfusion in chronic dysfunctional myocardium was (near-)normai and has been
referred fo as (repetitive) stunning (6). Instead of two different entities, it is likely that
stunning and hibernation form a continuum and that a gradual reduction of flow is
accompanied with more uitrastructural damage on the myocyte level. Due to chronic
exhaustion of the myocytes and damage of the contractile apparatus, contractile reserve may
be observed less frequent in hibernating myocardium as compared to stunned myocardinm.
However, the presence/absence of contractile reserve in these different entities has not been
studied extensively. Therefore, aim of this study was to assess the presence/absence of
contractile reserve in response to dobutamine infusion in a large group of patients with
stunned and hibemating myccardium.

Material and methods

Study population: A fotal of 198 consecutive patients in clinically cardiac stable
condition, with angiographically proven chronic coronary artery disease, a depressed left
ventricular gjection fraction (LVEF£40%), and heart failure symptoms were studied at least
six months from previous myocardial infarction. Patients with primary cardiomyopathy,
significant valvular heart disease, or an inadequate acoustic window were not inciuded in the
study protocol.

The study protocol was as follows. First, LVEF was assessed by radionuclide ventyi-
culography. Next, dysfunctional myocardium was identified by resting 2D echo-cardiography;
the dysfunctional myocardium was then evaluated for the presence of stunning or hibernation
by assessing perfusion and glucose metabolism using single-photon emission computed
tomography (SPECT) imaging. Finally, the presence of contractile reserve was evaluated by
dobutamine stress echocardiography. All patients gave their informed consent; the local
Ethics Commitiee approved the study protocol.

Radionuclide ventriculography, assessment of LVEF: After injection of Tc-99m
(740 MRBq), radionuclide ventriculography was performed at rest with the patient i supine
position. A small field-of-view gamma camera system (Orbiter, Siemens, Erlangen, Germany)
was used, oriented in a 45° left anterior oblique position with a 5 to 10° caudal tilt. The LVEF
was calculated by standard methods (3).

2D echocardiography, assessment of regional dysfunction and contractile reserve:
A commercially available imaging system (Hewlett Packard Sonos 5500, Andover, Mass.)
and a 1.8 MHz transducer using second harmonic imaging to optimize endocardial border
visualization were used {9). Two-dimensional imaging was performed with the patient in the
left lateral position; standard views were recorded on optical disk (cine loops).

To assess the contractile reserve in dysfunctional myccardium, dobutamine stress
echocardiography was performed as described previously (9). Beta-blocker therapy was not
rousinely discontinued during dobutamine siress echocardiography. Two patients were in
atrial fibrillation. After the resting echocardiographic study, dobutamine was administered
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intravenously, starting at a dose of 5 wg/kg body weight per minute for 5 minutes, followed by
a 10 pg/kg/min dose for 5 minutes (low-dose). Incremental doses of 10 pg/kg/min
dobutamine were given at 3-minute intervals up to a dose of 40 pg/kg/min, and atropine was
added if necessary.

Echocardiographic analysis: Two experienced observers, unaware of the clinical
data {and the presence/absence of the SPECT results), scored the digitized echocardiograms
offline. In case of disagreement, a majority decision was achieved by a third observer. The
left ventricle was divided into 16 segments according to the American Society of
Echocardiography (10). Regional wall motion and systolic wall thickening were scored using
2 5-point grading scale: 1=mormal, 2=mildly hypokinetic, 3=severely hypokinetic, 4=akinetic,
5=dyskinetic. Segments with hypokinesia, akinesia or dyskinesia were considered abnormal;
segments with mild hypokinesia were considered as normal. Contractile reserve was defined
as an improvement of segmental wall motion score by =1 grade following infusion of low-
dose dobutamine. Wall motion score index was determined as the sum of the segmental scores
of the 16 segments, divided by 16.

SPECT imaging, assessment of stunning/hibernation: All patients underwent dual-
isotope simultaneous acquisition SPECT. Resting Te-99m-tetrofosmin SPECT (600 MBq)
was used to assess regional perfusion. Myocardial glucose utilization was evaluated by F18-
fluorodeoxyglucose (FDG) SPECT (185 MBq). To optimize and standardize the metabolic
conditions during FDG SPECT, Acipimox (500 mg orally, Byk, The Netherlands) was
administered in all patients (11,12). Patients with diabetes mellitus were instructed to continue
antidiabetic medication. Plasma glucose levels were measured immediately before the study.
In patients with a plasma gilucose level >8 mmol/L, insulin was administered intravenously to
enhance myocardial FIDG uptake. The plasma glucose level was measured again, and
additional insulin was given if necessary. With this regimen, the image quality was good in all
patients studied. A triple-head gamma camera system (Picker Prism 3000XP, Cleveland,
Ohio) was used. The camera system was equipped with commercially available high-energy
511 keV collimators {13). The energies were centered on the 140 keV photon peak of Te-
99m-tetrofosmin with a 15% window and on the 511 keV photon peak of FDG with a 153%
window. Data acquisition was performned over 3607 (120 sectors of 3°), with the patient in the
supine position. Total imaging time was 32 minutes. Data were stored in a 64 X 64, 16-bit
matrix. The image data were reconstructed by filtered backprojection using a Butterworth
filter {cutoff frequency 0.17 cycles/pixel); 6 mm thick (1 pixel) transaxial slices were
obtained. Subsequently, standard short- and long-axis projections perpendicular to the heart
axis were reconstructed.

Scintigraphic anmalysis: The left ventricle was divided into 16 segments identical to
the echocardiographic segmentation (10). Both Tc-99m-tetrofosmin and FDG studies were
analyzed quantitatively (segments normalized to maximum tracer uptake). Dysfunctional
segments (identified by resting echocardiography) were evaluated for viability (14-16).
Dysfunctional segments with normal perfusion (according to the normalized Tc-99m
tetrofosmin uptake being >80%) were classified as stunned. Dysfunctional segments with a
perfusion defect (normalized Tc-99m-tetrofosmin uptake <B80%) were classified as
hibernating when a perfusion-FDG mismatch was present (FDXG uptake 210% increased as
compared to Tc-99m-tetrofosmin uptake). Dysfunctional segments with a perfusion defect
were classified as scar tissue when a perfusion-FDG match was present (<10% difference in
tracer activities); these segments were subdivided into nontransmural and transmural scars.
Segments with Tc-99m tetrofosmin and FDG uptake =50%, but without mismatch were
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classified as nontransmural scars, whereas segments with tracer activities <350% were
ciassified as transmural scars (14-16),

Statistical Amalysis: Values are expressed as mean = SD, when appropriate,
percentages are rounded. Continuous variables were compared using the Student t-test for
unpaired samples. Differences between proportions were compared using the Chi-square test.
A value of p<0.05 was considered statistically significant.

Results

Patient characteristics: The clinical characteristics of the 198 patients are
summarized in Table 1. All patients had heart failure symptoms, New York Heart Association
{(NYHA) functional class was on average 2.5 £ 0.9 and the majority of the patients {120, 61%,)
was in NYHA class III or IV. Ventricular function was severely impaired in all patients; the

LVEF averaged 30 £ 12%.

Table 1. Clinical characteristics of the 198 study patients

Male/Female 167 (84%) / 31(16%)
Age (years) 60£9
Previous MI 182 (92%)
Previous CABG 37 (19%)
Previous PTCA 30 (15%)
Previous CVA 2 (1%)
Hypertension 23 (13%)
Hypercholesterolemia 98 (49%)
Diabetes mellitus 31 {16%)
Smoking history/present 74 (37%}/ 65 (33%)
Number of coronary arteries narrowed >50% 2.5+0.7
Angina 129 (65%)
Medication

Aspirin/oral anticoagulants 175 {88%}

ACE inhibitors 144 (73%)

Diuretics 103 (52%)

Nitrates 151 (76%)

Beta blockers 114 {58%)

Calcium antagonists 73 (37%)

Digoxin 41 (21%)

Data presented are number (%) of patients. ACE = angiotensin-converting enzyme; CABG =
coronary artery bypass graft surgery; CVA = cerebrovascular accident; MI = myocardial
infarction; PTCA = percutaneous transluminal coronary angioplasty.
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2D echocardiography, assessment of regional dysfunction: Echocardiography at
rest was performed in 3168 segments, 1016 (32%) segments were normal or mildly
hypokinetic and not considered for myocardial viability. Of the 2152 dysfunctional segments,
1119 were severely hypokinetic, 1014 were akinetic, and 19 dyskinetic.

SPECT, tissue characterization: Dual isotope SPECT imaging demonstrated that
666 (31%) of the 2152 dysfunctional segments had a normal perfusion and glucose utilization,
these segments were considered stunned. A reduced perfusion and relatively preserved
glucose utilization (hibernating myocardinm) was seen in 221 (10%) of the dysfunctional
segments. The majority of the dysfunctional segments (1265, 59%) had concordantly reduced
perfusion and metabolism and were considered scar tissue. There were 243 (20%)
nontransmural and 1017 (80%) transmural scars. The prevalence of stunned myocardivm was
higher in patients with mild heart failure symptoms (NYHA I/H) than in patients with severe
heart failure symptoms (NYHA TIIYIV), 255 of 715 segments (36%) versus 411 of 1437
segments (29%), P=0.001. Stunned myocardium was more frequently present in patients with
angina, 450 of 1349 segments (33%) than in patients without angina, 216 of 803 segments
(27%), P<0.005.

Daobutanmiine echocardiography, assessment of contractile reserve, hemodynamic
changes during debutamine stimulation: The hemodynamic variables at baseline and
during low-dose dobutamine infusion (5 pg/kg/min and 10 pg/kg/min stages) are shown in
Table 2. During low-dose dobutamine infusion both heart rate and the systolic heart rate-
systolic blood presgsure product increased significantly. The administration of dobutamine was
well tolerated in all patients; the protocol was completed in all patients and no serious side-
effects occurred.

Table 2. Hemodynamic Changes during Dobutamine Infusion

Baseline 5 pgkg/min 10 pg/kg/min
Heart rate (beats/min) 74+ 15 77+ 16 85x19* ¢
Systolic BP (mmHg) 125 +23 126 £ 22 127422
Diastolic BP (mmHg) 75412 74412 T0+12% }
Rate pressure product 8243 + 2479 9721 + 2728 10810 £ 3220 * 1
Wall motion score index 2.8+0.7 25x£07% 25+07%

* p<0.05 versus baseline. 1+ p<0.05 versus 5 pg/kg/min dobutamine infusion dose. Data
presented are mean value = SD. BP = blood pressure.

Contractile reserve: Generally, wall motion score increased significantly in response
to low-dose dobutamine (see Table 2). Overall, 696 (32%) of all 2152 dysfunctional segments
exhibited contractile reserve during low-dose dobutamine stimulation. The prevalence of
contractile reserve was higher in patients with mild heart failure symptoms (NYHA /1)
compared to patienis with severe heart failure symptoms (NYHA IIIIV), 269 of 715
segments {38%) versus 427 of 1437 segments (30%), respectively, P<0.001, In patients with
and without angina, confractile reserve was present in 469 of 1349 (35%) and in 227 of 8§03
segments (28%), respectively, P<(.005.
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Figure 1. Contractile reserve according to baseline wall motion (3= severely hypokinetic, 4=
akinetic, 5= dyskinetic) in all dyvsfunctional segments.
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Figure 2. The presence of conmfractile reserve according to resting Tc-99m-tetrofosmin
perfusion (O=normal (100% 2 uptake > 80%), I=mildly reduced (80% = uptake > 50%),
Z=moderately reduced (50% 2 uptake > 25%), 3=severely reduced or absent (25% = uptake
= 0%).

Contractile reserve and baseline wall motion: Contractile reserve in relation to
severity of wall motion abnormalities is demonsirated in Figure 1. Severely hypokinetic
segments more often exhibited contractile reserve compared to akinetic segments (382 of
1119 (52%) versus 114 of 1014 (11%) respectively, p<0.001). In conirast, dobutamine-
induced contractile reserve was absent in all 19 segments that were dyskinetic at baseline
echocardiography.
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Contractile reserve versus myocardial perfusion: Figure 2 demonstrates the relation
between myocardial perfusion as measured by Tc-99m-tetrofosmin and the presence of
contractile reserve. Contractile reserve was present in the majority (73%) of the segments
with normal perfusion whereas it was virtually absent in segments with severely reduced or
absent perfusion.

Contractile reserve in stunned, hibernating and scar tissue: Dobutamine-induced
contractile reserve was observed in 519 out of 887 (59%) of the dysfunctional segments that
were viable (either stunned or hibernating) according to FDG metabolic mmaging. However,
contractile reserve more frequently found in stunned than in hibernating myocardium (407 of
666, 61% versus 112 of 221, 51%, respectively, p<0.01). Only 177 of the 1265 scarred
segments (14%) improved in wall motion during dobutamine infusion, this was considerably
less often compared to the contractile reserve seen in stunned or hibernating myocardivm
(p<0.001, see Figure 3).

Contractile reserve versus the extent of scar: Residual contractile reserve was
related to the extent of scar tissue. Figure 4 shows that a contractile response to dobutamine
was more frequently observed in nontransmural than in transrural scar tissue.

100% -
75% A
50% A
61%
25% - 51%
14%
0% T T 1
Stunned Hibernating Scar

Figure 3: Segments with (open portions) and without (solid portions) contractile reserve in
response to dobutamine infusion in stunned, hibernating, and scarred myocardium.
Contractile reserve was more frequently found in stunned than in hibernafing myocavdium
(407 of 666, 61% versus 112 of 221, 51%, respectively, p<0.01). Only 177 of the 1,265
scarred segmenis (14%) exhibited contractile reserve, this was considerably less than in
stunned or hibernating myocavdium (p<0.001).

68



50% -

P <0.001 e
o 40% - |

z

e 30%

® 30%

K

& 20%

k=

o

© 10%

0%

Nentransmural scar Transmural scar

Figure 4. Contractile reserve in nontransmural and transmural scav tissue. Contractile
reserve was move frequently observed in nontransmural than in transmural scar (p<0.001)

Dobutamine echocardiegraphy, assessment of ischemia: During low-high-dose
dobutamine echocardiography, 345 (16%) segments showed sustained improvement, 351
(16%)} a biphasic response, 131 (6%) worsening, and 345 {16%) no change of wall metion
pattern. Hence, myocardial ischemia was present in 482 (22%) of the 21352 dysfunctional
segments. Table 3 demonstrates the patterns of functional response to low-high- dose
dobutamine infusion in stunned and hibernating myocardium. The prevalence of the biphasic
response and worsening (patterns indicating myocardial ischemia) were similar between
stinned and hibernating segments. A sustained improvement of wall motion during
dobutamine echocardiography was more frequently observed in stunned than in hibernating
myocardium, 217 (33%) versus 52 {24%) segments, P<{0.005. Hibernating segments more
often showed no change during dobutamine infusion compared to stunned segments, 94
(43%) versus 206 (31%) segments, P<0.05.

Table 3. Functionai response during low-high-dose dobutamine infusion

Stunned segmenis  P-value Hibernating segments
(1=666) {n=221)

Sustained improvement 217 (33%) <0.05 52 (24%)

Biphasic response 190 (29%) NS 60 (27%)

Worsening 53 (8%) NS 15 (7%)

No change 206 (31%) <0.005 94 (43%)

Data presented are number of segments (%).
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Discussion

In the present stady, in 198 patients with ischemic cardiomyopathy, dobutamine-
induced contractile reserve was observed in 32% of all dysfunctional segments. It was more
frequently observed m stunned myocardium than in hibernating myocardium (61% versus
51%, P<0.01). Moreover, patients with more severe heart failure less frequently showed
contractile reserve, as compared to patients with mild heart fatlure. Contractile reserve was
absent in the majority of scar segments; only 14% of the scar segments exhibited contractile
reserve. Moreover, residual contractile reserve was also related to the extent of scar tissue;
nontransmural scar tissue more often exhibited a dobutamine-induced contractile response
than transmural scars.

Contractile reserve in chronic dysfunctional myocardium: In the current study,
32% of all dysfunctional segments exhibited contractile reserve. This percentage is in line
with previous studies: in a recent meta-analysis (17} of 16 studies involving 448 patients with
chronic ischemic LV dysfunction, 1128 of 2268 (50%) of dysfunctional segments had
contractile reserve. The presence or absence of contractile reserve was related to the baseline
wall motion abnormalities: contractile reserve occurred more frequently in severely
hypokinetic segments as compared fo akinetic segments, and in dyskinetic segments
coniractile reserve was never observed (Figure 1), Thus, the more severe the wall motion
abnormalities, the lower the incidence of contractile reserve. The presence/absence of
contractile reserve was also related to resting perfusion: the majority of segments with normal
perfusion exhibited contractile reserve, whereas the incidence of contractile reserve was
inversely related to the severity of the reduction in resting perfusion (Figure 2). Similar
findings were reported by Panza et al, showing less contractile reserve in segments with more
severely reduced perfusion evaluated by positron emission tomography (18). These
observations suggest that more damaged segments (with more severe wall motion
abnormalities and lower levels of perfusion) less frequently exhibited contractile reserve.

Contractile reserve in stunning and hibernation: In the current study, segments
were divided into stunned and hibernating, based on the combined assessment of perfusion
and glucose utilization (3, 5-8). According to recent studies, stunned myocardium is thought
to have normal resting perfusion, whereas hibernating myocardium may have reduced resting
perfusion (5-8). Therefore, in the current study and in other recent studies (3, 5-8), chronic
dysfunctional myocardium with normal resting perfusion is considered stusned, whereas
segments with a reduced resting perfusion (but with preserved FDG uptake) are considered
hibernating. More recently, Fallavolita and Canty (7,8) have shown in a pig model of chronic
hibernation, that in dysfunctional myocardium blood flow was normal at 1-2 months (indicative
of chronic stunning), but was reduced at 3-4 months (hibemation). These observations suggest a
temporal progression of chronic stunning, (characterized by normal flow), to hibernation (with a
reduced resting flow). It is conceivable that longer duration of myocardial dysfunction in
combination with more severe reductions in myocardial blood flow lead to more extensive
myocyte damage. Studies in patients with ischemic cardiomyopathy have shown structural
dedifferentiation of cardiac myocytes in biopsy samples obtained at the time of coronary
revascularization (6,19,20). Hibernating myocardium showed a loss of contractile filaments
{(sarcomeres), an accumulation of glycogen in the spaces previously occupied by the
myofilaments, nuclel with uniformly distributed chromatin, small mitochondria, and a nearty
absent sarcoplasmatic reticulum (6,19,20). For these reasons, it Is anticipated that contractile
reserve may be less frequently present in hibernating myocardium as compared to stunned
myocardium. Indeed, studies in small groups of patients have indicated that contractile
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reserve was less frequently preserved in hibernating myoccardium as compared to stunned
myocardivm (21,22). In the current study, with a large group of patients, contractile reserve
was present in 61% of the stunned segments as compared to 51% of the hibernating segments.
Moreover, patients with severe heart failure less frequently exhibited contractile reserve as
compared to patients with mild heart failure. These observations provide further evidence that
more severe darmage results in loss of contractile reserve. In these segments, viability may stiil
be maintained (as evidenced by the preserved glucose utilization in some of these segments).

Clinical relevance and future studies: From a clinical point-of-view the most
important guestion is the potential of improvement of contractile function in segments with
hibernation but without contractile reserve (the segments that are thought to be more severely
damaged). These segments are indeed damaged more severely as demonstrated by Pagano et
al. recently (23). These authors studied 22 patients with ischernic cardiomyopathy with FDG
PET and low-dose dobutamine echocardiography. Transmural biopsies were obtained during
bypass surgery and the histological findings were related to the FDG PET and dobutamine
echocardiographic data. Seginents with preserved FDG uptake but without contractile reserve
appeared more damaged (higher extent of myofibrillar loss) as compared to segments with
preserved FDG uptake and contractile reserve. Segments with hibernation but without
contractile reserve are frequently observed in patients with ischemic cardiomyopathy {(up to
30-40%) (24,25). Currently, there are no data available on the recovery of function of these
segments. However, we have recently demonstrated that recovery of function of hibernating
myocardium may take longer time as compared to stunned myocardium (26). Thus, more
severely damaged myocardium is likely to take longer time to recover in function. If there is a
point-of-no-retum (when damage is too much) needs further study. It is important to realize
however that more severely damaged myocardium less frequently exhibits contractile reserve,
but that recovery of function should not be excluded and therefore these patients may be still
candidates for revascularization.

Contractile reserve in scar tisswe: In the current study, the presence of contractile
reserve was also evaluated in scar tissue. In all segments with scar tissue (as defined by
commbined perfusion-FDG imaging), contractile reserve was only present in 14%. In segments
with transmural scars it was virtually never observed, while a substantial percentage of the
segments with nontransmural scars did exlubit contractile reserve. This finding is not
surprising, since segments with nontransmural scar contain & substantial amount of normal,
viable tissue (located epicardially). This tissue responds well to dobutamine infusion and
explains the observed improved confraction. The resolution of echocardiography does not
allow discrimination of these endocardial and epicardial layers, but recent studies with
magnetic resonance imaging have demonstrated the superior resolution of this technique (27),
enabling the detection of the “epicardial” contractile reserve in subendocardial scars (23).
Although these segments are not likely to improve in contractile function post-
revascularization, they may be important in the prevention of remodeling, and thus long-term
Prognosis.

Conclusions: LV dysfunction in patients with ischemic cardiomyopathy is often
caused by myocardial stunning, hibernation, and scar tissue. The results of this study show
that dobutamine-induced contractile reserve was more often found in stunmed than in
hibernating myocardium. In contrast, contractile reserve was virtually absent in scarred
myocardium. Nontransmural scar more often exhibited contractile reserve than transmural
scar tissue. This progressive reduction of contractile reserve in stonned, hibernating,
nontransmural and transmural scar tissue, supports the hypothesis that stunning, hibernation,
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and scar are not circumscript pathophysiological entities but represent gradual ultrastractural
damage on the myocyte level. Further studies are needed to determine the clinical relevance
(in terms of effect on long-term prognosis) of these different segments.
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Abstract

Background: During the noninvasive assessment of myocardial viability with 18F-
fluorodeoxyglucose (FDG) metabolic imaging, adequate regulation of metabolic conditions is
needed to ensure optimal image quality. Preliminary data suggest a good image quality of
FDG imaging following nicotinic acid derivatives (Acipimox) administration. However, the
image quality of this protocol in patients with diabetes is unclear.

Methods: Seventy patients with ischemic cardiomyopathy underwent FDG single-
photon emission computed tomography (SPECT) using Acipimox for the assessment of
myocardial viability, followed by resting 2D echocardiography to identify dysfunctional
myocardial tissue. The iinage quality was scored visually and quantitatively; the myocardium
to background (M/B) ratio was determined by region-of-interest analysis. The plasma
concentrations of glucose and free fatty acids were determined to evaluate the metabolic
conditions before and during FDG imaging.

Results: A total of 34 patients had diabetes mellitus; of these 34 patients, 12 had
insulin-dependent diabetes mellitus and 22 had non-insulin dependent diabetes mellitus. The
remaining 36 patients had no diabetes. During FDG SPECT no severe side effects ocourred.
Acipimox significantly lowered plasma levels of free fatty acids in both groups. Fifteen of 34
patients with diabetes had a plasma glucose level >9 mmol/L, which was lowered successfully
in all patients with additional insulin. Visual evaluation of the FDG images showed a good,
moderate, and poor image quality in 27, 5, and 2 patients with diabetes mellitus respectively,
and in 32, 4, and 0 patients without diabetes respectively (P=NS). The M/B ratio of FDG
SPECT images was comparable in patients with and without diabetes mellitus (3.1 £ 1.0
versus 3.5 + 0.9, P=NS). The type of diabetes had no influence on FDG image quality

Conclusion: FDG SPECT metabolic imaging following Acipimox is safe and
practical for routine assessment of viability in patients with ischemic cardiomyopathy. Image
quality is good, even in patients with diabetes, although additional insulin is sometimes
needed.

76



Introduction

Diabetes mellitus is an independent predictor of morbidity and mortality in patients
with chronic left ventricular (LV) dysfunction {1,2). Patients with dysfunctional but viable
myocardium may considerably benefit from coronary revascularization in terms of functional
outcome and survival, but revascularization procedures in patients with diabetes mellitus are
associated with a higher morbidity and mortality than in nondiabetic patients (3). Therefore,
the assessment of myocardial viability is particularly relevant in these patients, in order to
select the appropriate management strategy. Metabolic imaging with fluorine-18
fluorodeoxyglucose (FDG) is an accepted technique for the assessment of myocardial
viability (4-7). However, adequate regulation of metabolic conditions is needed to ensure
optimal image quality. Hyperinsulinemic euglycemic clamping guarantees exceilent image
quality, but is impractical. The use of nicotinic acid derivatives (Acipimox, Byk, The
Netherlands) is a practical alternative that increases patient throughput in busy nuclear
cardiology laboratories. Preliminary data suggest a good image quality of FDG imaging
following Acipimox administration (8,9). However, the image quality of this protocol in
patients with diabetes 1s unclear and remains to be evaluated. In the present study, we have
evaluated the feasibility and image quality of cardiac FDG SPECT imaging using Acipimox
in patients with diabetes; results were compared to patients without diabetes. In addition,
subsets of patients with insulin-dependent diabetes mellitus (IDDM) and with non-insulin
dependent diabetes mellitus (NIDDM) were studied.

Material and methods

Patient pepulation, study protocol: The study population consisted of 7 patients
with chronic coronary artery disease and an impaired left ventricular function, who were
referred to our imaging laboratory for the evaluation of myocardial viability. A total of 34
patients had diabetes mellitus; of these 34 patients, 12 had IDDM and 22 had NIDDM. The
remaining 36 patients had no diabetes. Patients with primary cardiomyopathy or concormitant
significant valvular disease were not included. All patients underwent dual-isotope SPECT
including Te-99m tetrofosmin to evaluate perfusion and FDG imaging to glucose utilization,
followed by resting 2D echocardiography to identify dysfunctional myocardial tissue. The
precise LVEF was assessed by radionuclide ventriculography. The local Ethics committee
approved the protocol and all patients gave informed consent.

Assessment of regional comtractile dysfunction, 2P echocardiography: For echo-
cardiography, a Hewlett Packard Sonos-5500 imaging system (Andover, Mass.) was used,
equipped with a 1.8 MHz transducer using second harmonic imaging to optimize endocardial
border visualization. Cine loops in four standard views were digitized (parasternal long- and
short-axes, apical 2- and 4-chamber views), and two experienced reviewers scored the
regional confractile function. The left ventricle was divided according to the standard 16-
segment model suggested by the American Society of Echocardiography (10). Regicnal wall
motion and systolic wall thickening were scored using a 5-point grading scale: 1=normal,
Z=mild hypokinetic, 3=severe hypokinetic, 4=akinetic, 5=dyskinetic. Segments with severe
hypokinesia, akinesia or dyskinesia were evaluated for myocardial viability.

Assessment of LVEF, radionuclide ventriculography: The LV ¢jection fraction was
assessed by radionuclide ventriculography. A small field-of-view gamma camera system
{Orbiter, Siemens, Erlangen, Germany) was used, oriented in a 43° left anterior oblique
position with a 5 to 10° caudal tilt. After injection of Tc-99m (740 MBq), radicnuclide
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ventriculography was performed at rest with the patient in supine position. The LVEF was
caleutated by standard methods (Odyssey VP, Picker, Cleveland, Chio).

SPECT data acquisition: Patients received, after a light breakfast, an mtravenous
injection of Tc-99m-tetrofosmin (600 MBq) to evaluate resting perfusion. Patients with
diabetes mellitus were instructed to continue their antidiabetic medication. To determine the
plasma concentration of glucose and free fatty acids, venous blood samples ware taken at
baseline and once immediately before the FDG injection. In patients with a plasma glucose
level >9 mmol/L at baseline, 6 units of insulin was administered subcutaneously. When
plasma glucose levels remained >9 mmol/L, additional insulin was administered. FDG
imaging, to evaluate myocardial glucose utilization, was performed following Acipimox
administration (500 mg, oral dose} in all patients. Acipimox enhances myocardial FDG
uptalee by reducing the plasma level of free fatty acids (11-13). After the Acipimox
administration, the patients received a low-fat, carbohydrate-rich meal. This small meal
further enhances myocardial FDG uptake, by stimulating endogenous insulin release. Sixty
minutes after the meal, FDG (185 MBq) was injected, and after an additional 45 minutes to
allow cardiac FDG uptake, dual-isotope simultaneous acquisition SPECT was performed.
Perfusion and metabolic imaging were performed at rest without stressors.

A triple-head gamma camera system (Picker Prism 3000XP, Cleveland, Ohio) was
used. The camera system was equipped with commercially available high-energy 511 keV
collimators {14). The energies were centered on the 140 keV photon peak of technetium-99m
tetrofosmin with a 15% window and on the 511 keV photon peak of ¥DG with a 15%
window, Data acquisition was performed in the supine position, over 360° (120 sectors of 3°).
Total imaging time was 32 minutes. Data were stored in a 64x64, 16-bit matrix.

SPECT data reconstruction and analysis: From the raw scintigraphic data, 6 mm
thick (1 pixel) transaxial slices were reconstructed by filtered backprojection using a
Butterworth filter (cutoff frequency at 0.17 cycle/pixel of order 3.5). Aftenuation correction
was not applied. Further reconstruction yielded standard short- and long-axis projections
perpendicular to the heart axis. The Te-9%m-tetrofosmin and the FDG data were reconstructed
simultaneously, in order to obtain an exact alignment of the perfusion and metabolic images.

The perfusion and FDG short-axis slices were plotted in pelar maps, which were
normalized to maximum activity (set at 100%); the polar maps were divided into 16 segments
matching the echocardiographic segments (15). The segments were divided into four groups,
based on the tracer activities: U=normal tracer uptake (activity >75%), 1=mildly reduced
tracer uptake {activity <75% and >50%), 2=moderately reduced tracer uptake (activity <50%
and >25%), 3=severely reduced or absent tracer uptake (activity <25%). Dysfunctional
segments (identified by resting echocardiography) were subsequently evaluated for viability.
Segments with normal perfusion (Te-99m-tetrofosmin score <1} and segments with a
perfusion defect (score =2) but relatively increased FDIG uptake (FDG score higher than
perfusion score, mismatch pattern) were considered viable. Segments with a perfusion defect
and concordantly reduced FDG uptake (match pattern) were considered nonviable.

Assessment of image quality: The image quality was scored visually using a 3-point
grading scale: l=good (high target-to-background ratio), 2=moderate but interpretable
{moderate target-to-background ratio), 3=uninterpretable (poor target-to-background ratio).
To quantitatively assess the image quality of the FDG 1mages, the myocardium to background
{M/B) ratio was measured in the midventricular short axis plane. A 2x2 pixel region-of-
interest (ROT) was drawn over the myocardium with the highest activity and a similar ROI
was placed in the center of the LV cavity. From these activities the M/B ratio was calculated.
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Plasma samples and analytical technigues: Venous blood samples were obtained at
baseline and immediately before FDG injection to measure plasma levels of glucose and free
fatty acids. Plasma glucose was determined with the glucose oxidase method (YSI glucose
analyzer, Yellow Springs, Ohio, USA). The free fatty acid levels were assessed by enzymatic
colourimetric methods (INEFAC, Wako Chemicals, Neuss, Germany).

Statistical analysis: All continuous data are expressed as mean 5D, percentages are
rounded. Continuous variables were compared using the Student t-test. Differences between
proportions were compared using the Chi-square test. A value of P<(.05 was considered
statistically significant.

Results
Patient characteristics: Clinical characteristics were comparable between the group
of patients with diabetes mellitus and the group without diabetes mellitus (see Table 1). All

patients presented with symptoms of heart failure, and had severely impaired LV function due
to chronic coronary artery disease.

Table 1. Clinical characteristics of the 70 study patients

Patients with diabetes P-value Patients without diabetes
(n=34) (n=136)
Men / women 30(88%)/4(12%) NS 31 (86%)/5(14%)
Age (yrs) 56+ 8 NS 60+ 11
Hypertension 5 (15%) NS 7 (19%)
Hypercholesterolemia 17 (50%) NS 13 (36%)
Stnoking history
Previous 12 (33%) NS 10 (28%)
Current 10 (29%) NS 19 (33%)
Family history of CAD 22 {65%) NS 16 (44%)
Previous M1 31 (91%) NS 35 (97%)
Multivessel disease 30 (88%) NS 33 (92%)
LVEF (%) 32413 NS 34+10

Data presented are mean value = SP or number (%) of patients. CAD = coronary artery
disease; LVEF = left ventricular ejection fraction; MI = myocardial infarction.

Plasma substrate levels, glucose: Figure 1 demonstrates the plasma glucose levels
measured at baseline and immediately before FDG injection. At baseline, the patients with
diabetes had higher plasma glucose levels than the patients without diabetes. After
subcutaneous administration of insulin, the differences i glucose levels in patients with and
without diabetes mellitus were smaller (Figure 1). Fifteen of 34 patients with diabetes (7
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[DDM, 8 NIDDM) had a plasma glucose level >9 mmol/L, which was lowered successfully in
all patients with additional insulin.

Free fatty acids: At baseline, the patients with diabetes had similar plasma levels of
free fatty acids as the nondiabetic patients, at the time of FD( injection plasma levels of free
fatty acids had declined significantly in both groups (Figure 2).

10 ~

BSE38 . L o n

Glucose mmol/L

Diabetes No diabetes

Figure 1. Bar graft demonstrating the plasma glucose levels measured at baseline (white
bars) and immediately before FDG injection (black bars). * P<0.0001 versus no diabetes; **
P<0.005 versus no diabetes; T P<0.001 versus immediately before FDG injection. Values ave
expressed as mean £ SD.
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Figure 2. Plasma concentration of free fatty acids (FFA) in patients with diabetes mellitus
and those without diabetes, at baseline (white bars) and after oral adminisiration of Acipimox
(black bars). * P<0.0001 versus after Acipimox.
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Safety of FDG SPECT using Acipimox: No serious side effects (evaluated by direct
questioning/physical examination) occurred during FDG SPECT imaging. Nineteen patients
had a mild and transient skin flush after Acipimox administration. Mild skin flushing occurred
in 5 of 34 (15%) patients with diabetes and in 14 of 36 (39%) patients without diabetes
(P<0.03).

FDG SPECT image quality: Visual evaluation of the FDG images showed a good,
moderate, and poor image quality in 27, 5, and 2 patients with diabetes mellitus respectively,
and in 32, 4, and 0 patients without diabetes respectively (NS). The M/B ratic of FDG SPECT
images was comparable in patients with and without diabetes mellitus (see Figure 3).

M/B ratio

Diabetes No diabetes

Figure 3. The image quality (M/B ratio) of FDG SPECT images was comparable in patients
with and without diabetes mellitus.

5
41 3.3+ 1.1
3
2

M/B ratio

IDDM NIDDM

Figure 4. Region-of-interest analysis demonstrated that the type of diabetes, insulin
dependent diabeies mellitus (IDDM) versus non-insulin  dependent diabetes mellitus

(NIDDM;, had no influence on FDG image guality.
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Myocardial Viability: The 2 patients with poor FDG image quality were excluded
from the analysis of myocardial viability. The number of dysfunctional segments was
comparable in patients with and without diabetes mellitus (10.2£5.4 versus 8.3£4.1, NS).
According to metabolic imaging with FDG SPECT, patients with diabetes had more
dysfunctional but viable myocardial tissue than patients without diabetes. Patients with
diabetes had on average 5.3%4.4 dysfunctional but viable segments, whereas those without
diabetes had 3.3£3.3 viable segments (P<0.05}.

Results in patients with NIDDM versus IDDM: Patients with IDDM had similar
clinical characteristics compared to patients with NIDDM (see Table 2}. Glucose levels were
comparable in patients with IDDM and NIDDM (10.1£4.8 mmol/L versus 7.6+2.6 mmol/L at
baseline, NS, and 8.643.2 mmol/L versus 7.8£3.0 mmol/L at the tirne of FDG injection, NS).
At baseline, free fatty acids levels were comparable in patients with IDDM and NIDDM
(2424189 nmol/mlL versus 404+305 nmol/mL, P=NS). However, after the administration of
Acipimox, at the time of FDG injection, free fatty acid levels were lower in patients with
IDDM than in those with NIDDM (27417 nmel/mL versus 102+116 nmol/mL, P<0.05).
Region-of-interest analysis demonstrated that the type of diabetes (IDDM versus NIDDM)
had no influence on FDG image quality (Figure 4). Also patients with IDDM and NIDDM
had a comparable amount of dysfunctional segments (10.4+5.8 versus 10.1+3.1, NS}. Patients
with IDDM and NIDDM had a comparable number of dysfunctional but viable segments
(6.544 8 versus 4.61+3.9, NS).

Tabie 2. Clinical characteristics of the 34 patients with diabetes mellitus

Patients with NIDDM P-value Patients with IDDM
(n=22}) (n=12)
Men / women 19 (86%) / 3 (14%) NS 11(92%)/ 1 (8%)
Age (yrs) 60+8 NS 5749
Hypertension 4 (18%) NS 1 (8%)
Hypercholesterolemia 12 (55%) NS 5(42%)
Smoking history
Previous 7 (32%) NS 5 (42%)
Current 8 (36%) NS 2 (17%)
Family history of CAD 13 (59%) NS 9 (75%)
Previous MI 19 (86%) NS 12 (100%)
Multivessel disease 19 (86%) NS 11 (92%)
LVEF (%) 34+14 NS 3014

Format similar to Table 1.
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Discussion

Noninvasive assessment of myocardial viability in patients with ischemic cardio-
myopathy has major implications for clinical decision making. When a substaniial amount of
dysfunctional but viable myocardium is present, coronary revascularization may improve LV
fonetion and long-term survival. Currently, both the number of patients with heart failure due
to coronary artery disecase and the prevalence of diabetes mellitus are increasing rapidily
(16,17). Diabetes mellitus 1s a well-known risk factor for coronary artery disease. Patients
with diabetes have a four-fold increased risk for developing heart failure after myocardial
infarction (18). The assessment of myocardial viability is particularly relevant in these
patients, since coronary revascularization in patients with diabetes mellitus is associated with
a high morbidity and mortality (3). Currently, FDG PET is considered the gold standard
technique for the assessment of myocardial viability (4-7). Recently, FDG metabolic imaging
has become widely available with the introduction of FDG SPECT using dedicated
collimators (19-24). The image quality of FDG imaging is influenced by the metabolic
conditions (8,9). Several protocols were introduced to lower free faity acid levels, which
appears the main determinant of image quality during FDG imaging (§). FDG imaging
following oral glucose loading is practical, but the image quality varies substantially, with 20-
30% of the images being uninterpretable (in particular in patients with diabetes). The
hyperinsulinemic euglycemic clamp ensures excellent image quality, but is labor-intensive
and tune consuming. Recently, FDG SPECT following oral administration of nicotinic acid
derivatives {Acipimox) has been suggested as a clinically useful protocel that increases the
patient throughput in busy nuclear cardiclogy laboratories (8,9). Acipimox is a nicotinic acid
derivative, which inhibits lipolysis and decreases plasma concentrations of free fatty acids
(11-13). Two preliminary studies showed good image quality of FDG imaging using
Acipimox (8,9). However, the image quality with this protoco! in patients with diabetes is
unclear, while this is the most chaltenging patient subset to obtain a good image quality.

The present study assessed the feasibility and image quality of FDG SPECT following
oral administration of Acipimox for the assessment of myocardial viability in patients with
diabetes mellitus. Metabolic conditions (plasma substrate levels) were monitored. As
anticipated baseline glucose levels were higher in patients with diabetes, In patients with
plasma glucose levels >9 mmol/L additional mnsulin was added. An oral dose of Acipimox
effectively lowered the free fatty acids concentrations in both patient groups. No serious side
effects of Acipimox were observed. The image quality was comparable in patients with and
without diabetes mellitus and the type of diabetes mellitus (DM, NIDDM) did not influence
FDG image quality. These findings demonstrate that FDG SPECT following oral
administration of Acipimox is a safe and clinically useful method for the assessment of
myocardial viability that offers a good image quality, even in patients with diabetes mellitus.

It should be stated that Acipimox is currently not available in the United States.
Recently, Vitale et al. {25) studied 10 patients with ischemic LV dysfunction and NIDDM
using FDG PET. In that study, FDG imaging was performed following administration of
Niacin (a nicotinic acid}, yielding suboptimal results. However, nicotinic acid derivatives {(e.g.
Acipimox), are known to be 20 times as potent as nicotinic acids, which may explain the
lesser results in the study by Vitale et al. using Niacin.

Of interest, patients with diabetes had more dysfunctional but viable myocardial tissue
than patients without diabetes. This observation is in line with our previous work (26). The
reason for this finding is currently unclear and awaits further research.

In conclusion, FDG SPECT metabolic imaging following Acipimox is safe and
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practical for routine assessment of viability in patients with ischemic cardiomyopathy. Image
quality is good, even in patients with diabetes, although additional insulin is sometimes
needed.
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Perfusion and Contractile Reserve in Chronic Dysfunctional
Myocardium: Relation to Functional Outcome After
Surgical Revascularization
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Abdou Elhendy, MD; Alexander Maat, MD,; Roeif Valkema, MD;
Eric P. Krenning, MD; Jos R.T.C. Roelandt, MD

Background—Chronic dysfunctional but viable myocardium may exhibit contractile reserve and/or intact perfusion.
Segments with intact perfusion without contractile reserve are frequently observed inpatients with ischemic cardiomy-
opathy. The clinical relevance of this observation is unclear; in particular, the fimetional cutcome after revascularization
is unknown. Thus, contractile reserve (using low-dose dobutamine echocardiography) and perfusion (using resting *™Tc
tetrofosmin) were evaluated in 114 patients with ischemic cardiomyopathy and the findings were related to functional
outcome (9 to 12 months after revascularization).

Methods and Results—Patients (n=114) with ischemic cardiomyopathy undergoing surgical revascularization were
evaluated for perfusion (using **™Tc tetrofosmin) and contractile reserve (using low-dose dobutamine echocardiogra-
phy}. Confractile function (two-dimensional echocardiography) was assessed before and 9 to 12 meonths after
revascularization. In the ! 336 dysfunctional segments, perfusion was preserved in 51% of the segments and contractile
reserve in 31% (P<.05); 47% of the segments with perfusion did not exhibit contractile reserve. The majority (66%)
of segments with recovery of function postrevascularization had intact perfusion and contractile reserve; the majority
(58%) of segments without functional recovery lacked both perfusion and contractile reserve. Interestingly, 22% of
segments with functienal recovery and 25% of segments without functional recovery showed intact perfusion without
contractile reserve.

Conclusion-—Segments with intact perfusion/contractile reserve have a high likelibood of recovery of function
postrevascularization; segments without contractile reserve/perfusion have a low likelihood of recovery and segments
with intact perfusion without contractile reserve have an intermediate likelihood of recovery. (Circulation. 2002;
106{suppl 1]:3-14-1-18.)

Key Words: myoccardial viability @ hibernating myocardium @ heart failure i perfusion @ contractile reserve

n patients with chronic ischemic left ventricular (LV}

dysfinction, improvement of contractile function and fa-
vorable long-term prognosis after surgical revascularization
have been demonstrated in those patients with dysfunctional
but viahle myocardinm. -5 Different techriques are available
for the assessment of viable myocardinum, based on the
detection of different characteristics of vigble myocardi-
ur.i—% These characteristics Include preserved glucose me-
tabolism, intact cell membrane and mitochondria, preserved
perfusion, and the presence of contractile reserve.'-¢ The first
4 characteristics can be evaluated by nuclear imaging tech-
nigues: Glucose metabolism can be evaluated by Fi§-
fluorodeoxyglucose (FDG) imaging,”® intact cell membranes
can be evaluated by Tl imaging,® intact mitochonéria can
be assessed by ™ T¢ sestamibi imaging,'® and preserved

perfusion can be evaluated by either imaging with thallium-
201 or ®™Tc-labeled tracers.?1¢ The presence of contractile
reserve can be assessed during the infusion of low-dose
dobutamine using two-dimensional {2I}) echocardicgraphy or
magnetic resonance imaging.’-¢ However, dysfunctional but
viable myocardium does not always exhibit all characteris-
tics. In particular, in a substantial percentage (approximately
25%) of the patients contractile reserve appeared absent,
although other markers of viability (glucose metabolism,
intact cell membrane, perfusion) were still present.'’*? The
precise clinical relevance of this observation is thus far
unclear and remains a matter of debate;'? in particular, the
funetional outcome after revascularization of these patients is
uncertain. To further evaluate this phenomenon, we assessed
contractile reserve {using low-dose dobutamine schocardiog-
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TABLE 1. Patient Characteristics (n=114)

Age (years) 6147
Sex (M) 106/8
Previous M 109 (96%)
MVD) 104 ([91%)
Number stenosed coronary 27+ 86
arterfes

LVEF (%) 3410
Previous CABG 14 (12%)
Previous PTCA 16 (14%;)
Dighetes 18 {17%)
Renal failure 25 {22%)
COPD 19 {17%}

Perigheral vascular disease 18 {16%)

CABG: cornnary artery bypass grafiing; COPD: chronic abstructive pulmenary
disease; LVEF: 1eft ventricular ejection fraction; MI: myocardial infarction; MVE:
mutti-vessel disease; PTCA: percutanecus transiuminat coronary angioplasty.

raphy) and perfusion (using resting *"Tc tetrofosmin) in a
large group of patients with ischemic cardiomyopathy; the
findings were subsequently related to functional outcome,
assessed 9 to 12 months after revascuiarization.

Methods

Patients

The study population existed of 114 patients with ischemic cardio-
myopathy who were already scheduled for surgical revasculariza-
tion. All patients presented with symptoms of heart failure whereas
38% of the patients had accompanying angina pectoris. Indications
for surgery were heart failure in alt (New York Heart Asscciation
[NYHA] score 3.20.8), together with angina in 38% (Canadian
Cardiovascular Society [CCS] score 2.7£0.4). The decision for revas-
cularization was based on clinical grovads (symptoms, presence/absence of
ischerniz, angiographic findings).

Additional characteristics are presented in Table 1. All patients
were stable during the study. Patients with severe mitral regurgita-
fion were net included. Each patient gave informed consent to the
study protocol that was approved by the local Ethics Committee.

Stady Protocol

At the entrance of the study, the patients underwent radionuclide
ventriculography (RNV} to assess LV gjection fraction (LVEF),
resting 2D echocardiography to identify regional contractile dysfine-
tion, low-dose dobutamine echocardiography to assess contractile
reserve in dysfunctioral mryocardium, and resting *™Tc tetrofosmin
single-photon emission computed tomography (SPECT} to assess
perfusion in dysfunctional myocardium, Late (9 to 12 months) after
revascularization, resting segmental contractile function was re-
assessed using resting 2D echocardiography and global LV function
(LYEF) by RNV,

Assessment of LVEF

LVEF was assessed before and 9 to 12 months after surgical
revascularization by using equilibrium RNV.1* RNV was performed
at Test with the patient in the supine position after the admiristration
of 740 MBg of ¥ Tc. Images were acquired with a small field-of-
view gamme camera (Orbiter, Siemens Corp, Iselin, NJ), oriented in
the 43-degree left anterior obligue position with a 5- to 10-degree
caudal tift. The LVEF was calculated from the 43-degrec left anterior
obligue view by an automated technique. An irprovement in LVEF
by 5% or more was considered significant, !
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Assessment of Resting Contractile Function
Before/After Revascolarization

Resting contractile function was assessed by 2D echocardiography
before and © to 12 months after revascularization. Four standard
views of the L'V were recorded (videotape and digitized in cine-loop
format): parasternal long- and short-axis views and apical two- and
four-chamber views. The prerevascularization and the posirevascu-
larization images were reviewed (random order) off-line and con-
sensus was achieved by 2 observers wnaware of the other tests
{low-dose dobutamine echocardipgraphy, perfusion imaging). For
analysis, a 16-segment mode! was used as suggested by American
Society of Echocardiography.'s Both inward wall motion and wall
thickening were analyzed. Each segment was assigned a wall motion
scere of 1 to 4: normal or mildly hypokinetic=1, severely hypoki-
netic=2 {decreased endocardial excursion and systolic wail thicken-
ing), akinetic==3 (absence of endocardial excursion and systolic wall
thickening), and dysidnetic=4 (paradoxic outward movement in
systole). Segments were considered dysfiunctional when the wail
motion score was 2 or more. Improvement of segmental wail motion
score after tevascularization by I grade or more was considered
significant with the exception of improvement from dyskinesia to
akinesia postrevascularization.

Assessment of Contractile Reserve

Contractile reserve was assessed using low-dose dobutamine ecko-
cardiography. Dobutamine was infused at 5 and 10 pgkg/min. §
minutes per stage. Images were acquired at the end of both stages
(parasternal long- and short-axis views and apical two- and four-
chamber views) and analyzed by 2 observers (blinded to the
postrevascularization echocardiograms and unaware of the perfusion
data) using the 16-segment model and the 4-point scoring system as
described above. Dysfunctional segments (resting wall motion score
2 or more) were evaluated for the presence of contractile reserve,
defined as improvement of wall motion scere by 1 grade or more,
with the exception of improvement from dyskinesia to akinesia.

Assessment of Perfusion

Perfusion was assessed at rest using **Tc tetrafosmin {60C MBq)
SPECT. Data acquisitior was performed with a triple-head gamma
camera system (Picker Prism 3000 XP, Cleveland, OH); the energy
was centered on the 140 keV photon peak of *"Tc with a 15%
window. Imaging was performed over 360 degrees (120 sectors of 3
degrees} with a total imaging time of 32 minutes. Data were stored
in 64X64, 16-bit matrix. The raw scintigraphic data were recon-
structed by filtered back projection using a Butterworth filter (cut-off
frequency at (.17 cycle/pixel, of order 3.5). No atenuation correc-
tion was used. Further reconstruction yielded standard long- and
short-axis projections perpendicular to the heart axis. Reconstructed
slices were 8 mm in all profectiens. The short-axis slices were
displayed in polar map format, adjusted for peak myocardial activity
(100%). The myocardium was divided into 16 segments, matching
the echocardiographic scgments (4 apical segments, & distal seg-
ments [anterior, anterolateral, inferclateral, inferior, inferoseptal, and
anteroseptal], and 6 basal segments, comparable with the distal
segments). Segments were divided into 4 categories: [=normal
tracer uptake (>-75%), 2=moderately reduced tracer uptake (50% to
T5%), 3==severely reduced tracer uptake (30% to 50%), and 4=ab-
sent tracer uptake (<<30%). In dysfunctional segments, perfusion was
considered preserved when activity was 50% or more (score 1 or 2).

Statistical Analysis

Descriptive results are expressed as meanSE. Patient data were
compared using the Student’s ¢ test for paired and uspaired data
when appropriate. Comparison of preportions was performed using
chi-square analysis. McNemar testing was used to evaluate differ-
ences in positivity for contractile reserve (as assessed by low-dose
dobutamine echocardiography) and perfusion (assessed by *™Tc
tetrofosmin SPECT). P<.05 was considered significant.
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Figure 1. Relation between severity of contractite dysfunction at
rest and the presence of contractile reserve; of the 412 seg-
ments with contractile reserve, 68% were hypokinetic, 31% aki-
netic, and 1% dyskinetic.

Hypokinesia

Resuilts

Contractile Function, Pre-

and Postrevascularization

Six patients died during the study period (2 within 30 days
after surgery (heart failure), 4 during the follow-up peried (3
heart failure, | noncardiac death); 5 of these patients had
absent perfusion and absent contractile reserve in all dysfanc-
tional segments; 1 patient had 2 dysfunctional segments
without perfusion/contractile reserve and 3 dysfunctional
segments with preserved perfusion but without contractile
reserve. In the remaining 108 patients, the symptoms im-
proved significantly (mean CCS score reduced to 1.2£0.3,
mean NYHA score reduced to 1.920.7, both P<C.05 versus
scores before revascularization).

Regional contractile function, as assessed by resting 2D
echocardiography, demonstrated normal contraction in 392
(23%) segments and abnormal contraction in 1336 (77%)
segments. OF the 1336 dysfunctional segments, 646 were
severely hypokinetic, 629 akinetic, and 61 dyskinetic. Im-
provement of fanetion postrevascularization ocourred in 357
(27%) segments (63% severely hypokinetic, 37% akinetic
and 0% dyskinetic segments), whereas 979 (73%) segments
did not irprove {or even deteriorate In contractile fimection).

Recovery of function was not observed more frequently in
the 41 patients with angina as compared with the 67 patients
without angina {153 versus 204 dysfunctional segments).

LVEF was 34:£10% before revascularization and did not
significantly improve after revascularization (36+11%).
However, an improvement in LVEF of 5% or more was
observed in 38 patients {from 28:+8% before to 361 4% after
revascularization).

Presence of Contractile Reserve in

Dysfunctional Myocardium

In the 1336 dysfunctional segments, low-dose dobutamine
echocardiography demonstrated improvement of function
(contractile reserve) in 412 (31%) segments. Of these 412
segments with contractile reserve, approximaiely two-third
were hypokinetic 68% and one-third were akinetic (Figure 1).
In the remaining 924 dysfunctional segments, no improve-
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Figure 2, Relation between severity of contractile dysfunction at
rest and the presence of intact perfusion; of the 683 segments
with intact perfusion, 70% were hypokinetic, 28% akinetic, and
2% dyskinetic.

ment of contraction occurred during infusion of low-dose
dobatamine.

Preserved Perfusion in Dysfunctional Myocardium
In the 1336 dysfunctional segments, ™ Tc tetrofosmin dem-
onstrated preserved perfusion in 683 (51%) segments; 57% of
the segments had perfusion score 1, and 43% of the segments
had perfusion score 2. Of the segments with preserved
perfusion, the majority was hypokinetic (Figurs 2). In the
remaining 653 dysfunctional scgments perfusion was not
preserved (72% of the segments with perfusion score 3 and
28% of the segments with perfusion score 4).

Intact Perfusion Versus Preserved Contractile
Reserve in Dysfunctional Myocardiom
In the 1336 dysfunctional segments, perfusion was more
frequently preserved as compared with contractile reserve
(31% versus 51%, P<C.05). The exact distribution of seg-
ments according to the presence/absence of perfusion/con-
tractile reserve is shown in Table 2. In the 683 segments with
preserved perfusion, contractile reserve was present in 360
(53%) and absent in 323 (47%) segments. Conversely, in the
653 segments without preserved perfusion, contractile reserve
was present in 52 {8%) segments and absent in 601 {52%)
segments (Figure 3}. Disagreement between the 2 technigues
was 28%, with 86% being related 1o segments with preserved
perfusion without contractile reserve.

The distribution of segroents according to the presence/
absence of perfusion/contractile reserve in relation to the
absence/presence of angina is shown in Table 3.

TABLE 2. Characteristics of Alf 1336 Dysfunclional Segments

Gategory n (%)

P+ 683
CR+ 360 (33%)
CR— 323 (47%)

P— 653
CR+ 52 (8%}
LR 801 (92%)

#: perfusion; CR: contractile reserve; = present; —: absent.
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Parfusion intact

Perfusian absent

Figure 3. Relation between contractile reserve and perfusion in
chronic dysfunctional myocardium. Segments without intact
perfusion virtually never have preserved contractile reserve
fright); 47% of the segments with preserved perfusion do not
exhibit contractile reserve.

Perfusion and Centractile Reserve Versns
Functional Cutcome

The absence/presence of perfusion and absence/presence of
contractile reserve in segments with and without improve-
ment of contractile function after revascularization is shown
in Figure 4. Of the 357 segments with recovery of function,
the majority {66%) had both preserved perfusion and con-
tractile reserve, whereas only 13% of the 979 segments
without Improvement of contractile function exhibited pre-
served perfusion and contractile reserve (P<C.05 versus seg-
ments with improvement of function postrevascularization).
The majority (58%) of the segments without improvement of
contractile function postrevascularization exhibited neither
intact perfission nor preserved contractile reserve. In contrast,
only 9% of the segments with improvement of contractile
fimetion postrevascularization lacked both perfusion and
comtractile reserve (P<C.05 versus segments withoat improve-
ment of function postrevascularization). Of interest, 22% of
the segments with improvement of contractile function and
25% of the segments without improvement of contractile
function postrevascularization showed intact perfusion with-
out contractile reserve. Finally, small percentages of seg-
ments with apd without improvement of function (3% and
4%, respectively) showed preserved contractile reserve with-
out intact perfusion.

Of the 360 segments with preserved perfusion/contractile
reserve, 66% exhibited recovery of function. Of the 601
segments without preserved perfusion/contractile reserve,
95% did not improve in function. Of the 323 segments with
preserved perfusion without contractile reserve, 24% im-
proved in fanction. Of the 52 segments with contractile
reserve without perfusion, 79% did not improve in function.

Finally, the sepments with higher levels of preserved
perfusion demonstrated a higher likelihood of recavery; 225
of 389 segments with tracer uptake >>75% improved in

TABLE 3, Dysfunctional Segments in Patients With and
Without Angina

P+/CR+  P+/CR-  P—/CR+  P—/CR—
Angina + (n=41 pts) 114 105 28 229
Angina ~ =67 pts} 248 218 24 a2

P: perfusion; CR: contractile reserve; +: present, —: absent

92

4%

&8 CR+ P+
£ GR+ P-
B CR- P+

B Ch- P 25%

Racovery + Recovery -

Figure 4. Distribution (according to presence/absence of con-
tractile reserve/perfusion) of segments with and without recov-
ery postrevascularization. CR: contractile reserve; P: perfusion;
+: present; —: absent.

function postrevascularization as compared with 132 of 294
segments with tracer uptake 50% 10 75%.

Discussion

In patients with ischemic cardiomyopathy, the assessment of
residual viability in areas with chronic contractile dysfunction
is important for prediction of improvement of function
postrevascularization and prediction of long-term progno-
5i5.7-¢ Different techniques are available that rely on different
characteristics of viable myocardium.*-¢ Perfusion. imaging
(using *Tc-labeled tracers or *'T{) and assessment of
contractile reserve {using low-dose dobutamine echocardiog-
raphy) are widely used 1 the climcal setting for the assess-
ment of viable myocardinm Hoewever, frequently chronic
dysfunctional myocardivm has preserved perfusion whercas
contractile reserve is lacking,!''? Data on the functioral
outcome of these segments are scarce.!” In the present study,
perfusion imaging was compared with assessment of contrac-
tile teserve in 8 large pumber of patients with ischemic
cardiomyopathy who were already scheduled for surgical
revascularization. Both intact perfusion and the presence of
contractile reserve were related to the severity of contractile
dysfunction. Both perfusion and contractile reserve were
more frequently observed in segments with severe hypokine-
sia as compared with akinetic segments, whereas dyskinetic
virtually never exhibited intact perfusion of contractile re-
serve. Thus, the presence of these characteristics appears
related to the severity of damage.

Moreover, perfusion was significantly more often pre-
served as compared with contractile reserve: 51% of the
chronic dysfunctional segments showed intact perfusion and
31% showed contractile reserve. Head-to-head comparison of
the individual segments revealed that the disagreement be-
tween the 2 imaging modalities was 28%, with 86% of these
segments showing preserved perfusion without contractile
reserve. Similar results have been reported by Panza et al,12
who compared *'T] imaging with dobutamine echocardiog-
raphy and demonstrated that a large number of segments
demonstrated Tl uptake but lacked contractile reserve.
Studies comparing metabolic imaging with FDG to assess-
ment of contractile reserve by dobutamine echocardiography
have shown comparable results: A substantial percentage of
the segments with FDG uptake did not exhibit contractile
reserve.!®1? Pagano and colleagues®® demonstrated that seg-
ments with FD'G uptake without contractile reserve had more
uitrastructural damage and a higher percentage of fibrosis as



compared with segments with preserved FDG uptake and
intact contractile reserve. Nagaeh and coworkers!” studied 20
patients with “*T! imaging and dobutamine echocardiography
before surgical revascularization, and transmural biopsies
were taken during surgery. The authors demonsirated a
gradual increase of percentape fibrosis in different segments:
1% fibrosis in segments with both preserved Tl uptake and
contractile reserve, 9% fibrosis in segments with either
preserved *' Tl uptake or contractile reserve, and 28% fibrosis
in segments without 71 uptake and without comtractile
reserve. These findings further substantiate the suggestion the
severity of ultrastructural darage and fibrosis is related to the
presence/absence of perfusion and contractile reserve. Seg-
ments with both characteristics have the least damage and
fibrosis, segments with perfusion without contractile reserve
have more damage/fibrosis and segments without perfusion/
contractile reserve have the most severe damage/fibrosis.
An important issue iz how these findings affeet improve-
ment of function postrevascularization. In the present study,
the majority of the segments with improvement of contractile
function postrevascularization showed both preserved perfu-
sion and contractile reserve. Segments with both characteris-
tics presents may thus have a high likelihood of recovery of
function post-revascularization (66% of the segments with
both characteristics improved in function). In contrast, the
majority of segments without recovery of function postrevas-
cularization lacked both perfusion and contractile reserve.
Segments without intact perfusion and contractile reserve
may thus be considered to have a low likelihood of recovery
of function postrevascularization (95% of the segments with-
out perfusion/contractile reserve did not improve in function).
The segments with intact perfusion without contractile
reserve pose a problem; 22% of the segments with recovery
of function exhibited this pattern, but 25% of the segments
without recovery of fiunction also exhibited this pattern. Thus,
segments with preserved perfusion without contractile re-
serve have an intermediate likelihood of recovery postrevas-
cularization. However, from a clinical standpoint, it is impor-
tant to emphasize that patients with preserved perfusion with
contractile reserve may recover in function postrevascular-
ization and should not rourinely be dended surgical revascu-
larization, Future studies are needed to identify which pa-
tients with this pattern are likely to improve and which
patients will not improve in function postrevascularization.

Limitations

Functional follow-up was performed at 9 to 12 months,
whereas longer follow-up may be needed for complete
recovery of function. This may be of particular importance in
patients with severely damaged myocardium. In addition,
long-term survival may be a superior end-point than improve-
ment of function.

Graft patency was not assessed; thus, graft occlusion may
have prevented some viable segmems from recovery of
function.

Finally, although a similar 16-segment model was used for
echo and SPECT data, misalignment may have influenced the
results.

Conclusions

In chronic dysfunctional myocardium, perfusion is preserved
more frequently than contractile reserve. Segments with both
preserved perfusion and contractile reserve have a high
likelihood of recovery of function postrevascularization; seg-
ments witheut preserved perfusion/contractile reserve have a
low likelihood of recovery. Segments with preserved perfu-
sion without contractile reserve have an intermediate likeli-
hood of recovery after revascularization. Additional testing
needs to be developed to predict which of these segments wilt
improve and which segments will not improve in function.
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Chapter 9

Long-term prognostic value of dobutamine

stress technetinm-99m-sestamibi SPECT:
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Abstract

Purpese: To determine the long-term prognosiic value of dobutamine Pmre-sestamibi
SPECT in patients with limited exercise capacity.

Material and methods: Clinical data and SPECT results were analyzed in 531
consecutive patients. Follow-up was successful i 528 (99.4%) patients, 55 underwent early
revascularization and were excluded. A normal/abnormal study was considered in the
absence/presence of fixed and/or reversible perfusion defects. A summed stress score (SS8)
was obfained to estimate the extent and severity of perfusion defects. Univariate and
multivariate Cox proportional hazard regression models were used to identify independent
predictors of late cardiac events. The incremental value of myocardial perfusion scintigraphy
over the clinical variables i the prediction of events was performed according to two models.
In model I, the only scan variable entered was the presence of an abnormal scan. In model II,
scan variables including the SSS, and the presence of a fixed or reversible defect were
entered. The probability of survival was calculated using the Kaplan-Meier method.

Results: An abnormal scan was detected in 312 patients. During the 8 + 1.5 year
follow-up (4.5-10.6), cardiac death occurred in 67 patients (total death 165), nonfatal
infarction in 34, and late revascularization in 49. The annual event rates for cardiac death,
cardiac death or infarction, and all events were 0.9%, 1.2%, and 1.5% respectively after a
normal scan, and 2.7%, 3.4%, and 4.4% after an abnormal scan (P<0.03). In a multivariable
Cox proportional-hazards model, not merely the presence of an abnormal scan but also the
SSS provided incremental prognostic information over clinical data {P<0.0001), The hazard
ratio for cardiac death was 1.09 (95% CI 1.01 to 1.18) per 1 unit increment of the SSS.

Conclusion: The incremental prognostic value of dobutamine stress **™Tc-sestamibi
SPECT over clinical data is maintained over an 8-year follow-up period in patients with
limited exercise capacity.
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Introduction

The primary goal of risk stratification in patients with suspected or known coronary
artery disease is to distinguish high-risk patients who may benefit from further invasive
strategies, from low-risk patients who do not require further invasive evaluation. Stress **™Tc-
sestamibi myocardial perfusion imaging provides useful information for risk stratification and
determination of optimal clinical management (1-3). Multiple studies have reported the
prognostic value of ™ Tc-sestarnibi myocardial perfusion imaging in various patient-subsets
at short- to intermediate-term follow-up (4-7). To overcome a reduced exercise capacity and
therefore an insufficient test, various types of non-exercise dependent pharmacological
stressors, such as adenosine or dobutamine, were developed in conjunction with myocardial
perfusion imaging.

However, it is important to note that currently no long-term prognostic studies using
PP gestamibi myocardial perfusion imaging are available (1-7). The purpose of our study
was to determine the long-term prognostic value of dobutamine **™T¢-sestamibi SPECT in
patients with limited exercise capacity.

Material and methods

Study population: The study population comprised 531 consecutive patients with
limited exercise capacity referred for dobutamine stress **™Tc-sestamibi SPECT imaging for
the evaluation of suspected or known coronary artery disease, between 1990 and 1995,
Follow-up was successful in 528 of 531 patients (99.4%). Fifty-five patients underwent early
coronary revascularization (35 CABG, and 20 PTCA) within 60 days of the scintigraphy and
were excluded from analysis. In these patients the decision to revascularize was already made
and the test was performed as part of a research protocol. As a result, the prognostic data
reported are based on 473 patients. All patients gave informed consent before testing. The
local Medical Ethics Committee approved the study protocol.

In all patients a structured interview and clinical history were obtained, including
assessment of cardiac risk factors, prior to the dobutamine stress test. Hypertension was
defined as a bloed pressure 2140/90 mm Hg, or treatment with antihypertensive medication.
Diabetes mellitus was defined as a fasting glucose level 27.8 mmol/L or the need for insulin
or oral hypoglycemic agents. Hypercholesterolemia was defined as a total cholesterol 26.4
mmol/L, or treatment with lipid-lowering medication.

Dobutamine stress protocol: Dobutamine stress testing was performed as described
previousty (8). Dobutamine was injected intravenously, fiest at a dose of 10 pg/kg/min for 3
minutes, increasing by 10 pg/kg/min every 3 minutes up to a maximum dose of 40 pug/kg/min.
If the test end-point was not reached at a dobutamine dose of 40 pg/kg/min, airopine (up to 1
mg) was given intravenously. Blood pressure, heart rate, and electrocardiography were
continuously monitored. Test end-points were: achievement of target heart rate (85% of
maximum age and gender predicted heart rate), horizontal or downsloping ST-segment
depression >2 mm at an interval of 80 ms after the J-point compared with baseline, ST-
segment elevation >1 mm in patients without previous MI, severe angina, systelic blood
pressure fall »40 mm Hg compared to baseline, blood pressure >240/120 mm Hg, or
significant cardiac arrhythmias. Metoprolol was available to reverse the (side) effects of
dobutamine/atropine if these did not revert spontaneously after termination of dobutamine
infusion. Side effects were registered, and the relation between the occurrence of cardiac
arrhythmias during the test and subsequent cardiac evenis was evaluated.
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SPECT acquisition and interpretation: An intravenous dose of 370 MBq of 99mTec-
sestamibi was administered approximately 1 minute prior to the termination of the stress test.
For resting studies 370 MBq of sestamibi were injected at least 24 hours after the stress study.
Image acquisition was achieved with a Siemens Gammasonics single-head Rota camera
(Orbiter, Siemens, Iselin, NJ)} without attenuation or scatter correction, using a low-energy all-
purpose collimator, Thirty-two projections were obtained over a 180° arc, from left posterior
obligue to right anterior oblique, with an acquisition time of 45 seconds per projection. Data
were collected in a 64x64 matrix (word mode), and images were reconstructed using a filtered
back projection algorithm and a ramp reconstruction filter. Transaxial tomograms were
reconstructed using the SPETS software package (Nuclear Diagnostics AB, Higersten,
Sweden). From the three-dimensional data, oblique (short-axis) and sagittal {vertical long-
axis), perpendicular and parallel to the long-axis, respectively, were reconstructed. For each
study 6 oblique (short axis) slices from the apex to the base, and 3 sagittal (vertical long axis)
slices were defined. Each of the 6 short axis slices was divided into 8 equal segments. The
septal part of the 2 basal slices was excluded from analysis because this region corresponds to
the fibrous portion of the interventricular septum and normally exhibits reduced uptake.
Therefore, a total of 47 segments were identified (3 long axis and 44 short axis). The
interpretation of the scan was semiquantitatively performed by visual analysis assisted by the
circumferential profiles analysis. Profile curves 2.5 SDs below normal perfusion were
considered abnormal. Stress and rest tomographic views were reviewed side-by-side on a
computer display in consensus reading by two experienced observers who were unaware of
the patients' clinical data. In case of disagreement a majority decision was achieved by a third
observer. In this study the original interpretations of the images were used. A reversible
perfusion defect was defined as a perfusion defect on stress images that partially or
completely resolved at rest in 22 contiguous segments or slices in the 47-segment model. A
fixed perfusion defect was defined as a perfusion defect on stress images in 2 or more
contiguous segments or slices, which persists on rest images in the 47-segment model. An
abnormal study was considered in the presence of a fixed and/or reversible perfision defect.
To assess the severity of perfusion abnormalities, the left ventricular myocardium was divided
into 6 segments: anterior, inferior, septal anterior, septal posterior, posterolateral and apical.
Each of the 6 major left ventricular segments was scored using a 4-point scoring system; 0 =
normal (100% = tracer activity > 75%); | = slightly reduced (75% = tracer activity > 50%); 2
= moderately reduced (50% = tracer activity > 25%); 3 = severely reduced or absent uptake
(25% = tracer activity 2 0%). A summed stress score (3S8) was obtained by adding the scores
of the 6 myocardial segments at stress. The 8$SS incorporates the extent and severity of a
perfusion defect.

Follow-up: The follow-up data were collected in the year 2001, One author (A.S.)
contacted the patient’s general practitioner and/or reviewed hospital records. This author was
blinded to the scan results. The date of the last examination or consultation was used to
determine follow-up time. The mean follow-up period was 8 + 1.4 years (range 4.5 to 10.6).
End points were overall death, cardiac death, nonfatal M, and late (>60 days) coronary
revascularization. Cardiac death was defined as a death caused by acute MI, significant
cardiac arrhythmias, or refractory congestive heart failure, together with ECG and autopsy
results when available. Sudden death occurring without another explanation was included as
cardiac death. Cardiac enzyme levels and ECG-changes defined nonfatal MI. Patients were
censored at the time of late coronary revascularization.

Statistical analysis: Values were expressed as mean value #SD or number, and
compared using the Student t test or Chi-square test. Univariate and multivariate Cox
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proportional hazard regression models (BMDP statistical software) were used to identify
independent predictors of late cardiac events (9). Variables were selected in a stepwise
forward selection manner with entry and retention set at a significance level of 0.05. The risk
of a variable was expressed as a hazard ratio with a corresponding $5% confidence interval.
The incremental value of myocardial perfusion scintigraphy over the clinical variables in the
prediction of events was performed according to two models. In model I, the only scan
variable entered was the presence of an abnormal scan. In model I, scan variables including
the SSS, and the presence of a fixed or reversible defect were entered. The probability of
survival was calculated using the Kaplan-Meier method, and survival curves were compared
using the log-rank test. P value <0.05 was considered statisticaily significant.

Results

Demographics and stress test results: The characteristics of the 473 patients (273
men, age 61 + 12 years) are presented in Table 1.

Table 1. Study population (n=473})

Age (vears) 61 =12
Male gender 273 {(58)
Hypertension 214 (45)
Diabetes mellitus 69 (15)
Smoking 122 (26)
Hypercholesterolemia 116 (25}
Congestive heart failure 84 (18)
Beta-blocker use 185 (39)
Prior myocardial infarction 210 (44)
Prior surgical revascularization 92 (1%)
Prior percutaneous revascularization 75 (16}

There was a significant increase of heart rate (70 + 14 to 136 = 17 bpm, P<0.0001),
and systolic blood pressure (140 + 23 to 146 £ 31 mm Hg, P<0.00]1) observed during the
dobutamine stress test. The highest dobutamuine dose was 10 pg - kg! - min™ in 3 (1%)
patients, 20 pg - kg - min” in 15 (3%), 30 ug - kg™ - min” in 66 (14%), and 40 pg - kg -
min’' in 389 (82%). In 196 (41%) patients atropine was added. Patients who were using beta-
blockers (120 of 183, 65%) more frequently received atropine than those without beta-blocker
therapy {76 of 288, 26%, P<(.001). The test was inconclusive (failure to achieve target heart
rate in the absence of perfusion abnormalities) in 43 (9%) patients. The prognostic data
reported were based on 473 patients, including the 43 patients who did not achieve target
heart rate. No patient experienced a MI or ventricular fibriflation. Side effects were atrial
fibrillation in 5 patients (1%}, short ventricular tachycardia (<10 complexes) in 19 patients
(4%), severe hypotension (decrease in systolic blood pressure =40 mm Hg) in 3 {0.6%), and
severe hypertension {(blood pressure >240/13¢ mm Hg) in 3 (0.6%). Minor side effects
included nausea in 18 (4%), chills in 22 {5%), and headache in 29 (6%). No relation was
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observed between the occurrence of cardiac arthythmias during the test and subsequent
cardiac events; the hazard ratio was 1.3 (range 0.8 to 2.0).

Event-free survival

normat
reversible

«- both
fixed

Follow-up {(Years)

Figure 1. Kaplan-Meier survival curves for cardioc death according to the results of
dobutamine stress **"Tc-sestamibi SPECT. The survival curves indicate that patients with
normal stress sestamibi images maintained a low event rate up to 8 years after the stress test.
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Figure 2. Kaplan-Meier survival curves for cardiac events (cardiac death/nonfaral infarction/
revascularization) according to the results of dobutamine stress #m e-sestamibi SPECT. The
annual cardiac event rate was significantly lower in patients with a novmal perfusion.
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Table 2. Predictors of cardiac death,

Multivariate analvsis

Univariate Clinical data Model I Modsl II

Clinical characteristics

Age* 1.03 (1.01-1.06) 1.03 (1.01-1.05) 1.02(1.01-1.04) 1.03 (1.01-1.05)

Male gender 24(1.44.1) 2.5(1.6-3.9) 2.1(1.3-3.3) 23(1.4-3.6)

Prior Ml 2.0(1.2-3.3) NS NS NS

Diabetes mellitus 23(1.3-4.0) 1.8 {1.1-2.8) 1.7 (1.3-2.7) 1.7 (1.1-2.8)

Hypertension 0.7 (0.4-1.2) NS NS NS

Hypercholesterolemia 0.9 (0.5-1.5) NS NS NS

Typical angina 1.1 (0.6-1.9} NS NS NS

Smoking 1.6 {0.9-2.6) NS NS NS

Congestive heart failure  4.7{2.9-7.6) 2.1(1.43.2) 1.9 (1.2-2.8) 1.7{1.1-2.7)
Stress test results

Typical angina 1.0 (0.6-1.7) - NS NS

§T-segment changes 1.5 (0.9-2.5) - NS NS
Scan parameters

Abnormal scan 34(1.7-6.8) - 2.1(1.2-3.7) -

S88* 1.22 (1.13-1.32) - - 1.09 (1.01-1.18)

Fixed defect 1.8 (1.1-2.9) - - NS

Reversible defect 1.2(0.8-2.0) - - NS

*Per 1 unit increment. - indicates variable excluded. Values are expressed as Cox proportional hazard ratio and
95% confidence interval. In model I, the only scan variable entered was the presence of an abnormal scan. In
medel 11, the 8388, and presence of a fixed defect or reversible defect were included. MI = myocardial infarction;
NS = not statistically significant.

Table 3. Predictors of cardiac events (cardiac death, myocardial infarction, late coronary
revascularization).

Multivariate analysis

Univariate Clinical data Model | Model IT

Clinical characteristics

Age* 1.02 {1.00-1.04) 1.03 (1.01-1.05) 1.02 (1.01-1.04) 1.03 (1.01-1.05}

Male gender 2.5(1.6-3.8) 2.5(1.6-3.9) 2.1(1.3-3.3) 2.3 (1.4-3.6)

Prior MI 2.2(1.5-3.2) NS NS NS

Diabetes mellitus 1.9(1.2-3.0) 1.8(1.1-2.8) 1.7 (1.1-2.7) 1.7 (1.1-2.8)

Hypertension 0.7(0.5-1.1) NS NS NS

Hypercholesterolemia 1.1{0.7-1.7) NS NS NS

Typical angina 1.1{0.7-1.7) NS NS NS

Smoking 1.2{0.8-1.9) NS NS NS

Congestive heart failore 2,7 (1.8-4.1} 21(14-32) 1.9(1.2-2.8) L7(1.1-277
Stress test results

Typical angina 1.1 (0.7-1.6) - NS NS

8T-segment changes 1.6 (0.8-1.8) - NS NS
Scan parameters

Abnormal scan 3.2(1.9-5.4) - 2.1¢1.2-3.7) -

588+ 117 (1.10-125) - - 1.09 (1.01-1.18)

Fixed defect 1.4(1.0-2.1) - - NS

Reversible defect 1.4 (1.0-2.1) - - NS

Format similar to Table 2.
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Pregdictive value of clinical data and test results: Univariate and multivariate
prediciors of cardiac events are presented in Table 2 and 3. The annual event rates for cardiac
death, cardiac death or nonfatal MI, and all events were 0.9%, 1.2%, and 1.5% respectively
for patients with a normai scan, and 2.7%, 3.4%, and 4.4% for those with an abnormal scan.
Kaplan-Meier survival curves and cumulative event rates are presented in Figure 1, 2, and 3.
The survival curves indicate that patients with normal stress sestamibi images maintained a
low event rate up to 8 years after the stress test. Figure 4 demonstrates the incremental
prognostic value of dobutamine stress **Tc-sestamibi SPECT over clinical data. Not merely
the presence of an abnormal perfusion pattern, but the summed stress score (SSS) provided
incremental prognostic information as well. The hazard ratio for cardiac death was 1.09

{range 1.01 to 1.18) per ! unit increment of the SSS. There was no further increase of the
hazard ratio if $8§8 > 9.

X2=31.7

P<0.0001

CHnical data Scintigraphy

Figure 3. Incremental progrostic value of dobutamine stress *"Tc-sestamibi SPECT over

clinical data. Dobutamine stress **"Tc-sestamibi SPECT provided significant additional
progrostic information on top of clinical data alone.

80 -
BMSSS <2
Bm2<5885<5
80 -

(888 =>5

Event rate (%)
3

20

Figure 4. Cumulative cardiac event raies per year (cardiac death/nonfatal infarction/
revascularization) according to the summed stress score (585). Not merely the presence of an

abnormal perfusion pattern, but the summed stress score (S85) provided incremental
progrostic information as well.
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Discussion

Risk stratification in patients with suspected or known coronary artery disease is
essential for optimal clinical decision making (10). The prognostic value of stress technetium
imaging has been reported in various patient-subsets at short- to intermediate-term follow-up
(2-7). The mean follow up of this study is § = 1.4 years as compared to an average follow up
of 0.8-3.6 years after exercise and 0.8-2.3 years after pharmacological stress sestamibi
myocardial perfusion imaging among previous studies (2-7). The main finding from this study
is that the prognostic value of dobutamine stress *™T¢c-sestamibi SPECT was maintained at
long-term follow—ug. Univariate and multivariate Cox proportional regression analysis
demonstrated that *"“Tec-sestamibi SPECT provided incremental prognostic information in
addition to clinical and stress test parameters all through a nearly complete 8-year follow-up
period. Patients with a normal scan had a good long-term prognosis, and in contrast, patients
with an abnormal test had an elevated risk of future cardiac events. Not merely the presence
of an abnormal perfusion pattern, but the extent and severity of the perfusion defect provided
incremental prognostic information as well

Long-term prognestic significance: Although long-term prognostic studies are
currently not available, the medium-term prognostic value of dobutamine stress i (N
sestarnibi SPECT has been reported in several studies (4-7). Geleijnse et al. {4) studied 392
patients with a median follow-up period of 22 % i3 months. There were 27 (7%) cardiac
deaths during follow up, nonfatal MI cccurred in 17 (4%) patients, and 34 (9%) patients
underwent late coronary revascularization (10%). The hard cardiac event rate {cardiac death
or nonfatal MI) was 0.8% for patients with a normal scan, and 9.2% per year in subjects an
abnormal dobutamine stress **"Tc-sestamibi SPECT scintigraphy. The medium-term
prognosis of women with chest pain and normal dobutamine stress T c-sestamibi SPECT
images is excellent {5}. None of the study population of 80 women died or had a nonfatal MI
during the follow-up period of 23 + 13 months. Senior et al. (6} followed up 61 patients
undergeing coronary angiography and dobutamine stress #MTe-sestamibi SPECT for 19 + 11
months. There were 2 (3%) deaths, 2 (3%) nonfatal MI, 13 (21%) patients with unstable
angina, and 3 (3%) subjects with congestive heart failure during the follow~up period. The
event rate was 3% in patients with normal and 44% in patients with abnormal results.
Recently, Calnon et al. (7) studied 308 high-risk patients who underwent dobutamine stress
#Te sestamibi SPECT. During an average follow-up of 1.9 + 1.1 years, there were 15
cardiac deaths and 18 Mls. Event rates were 10.0% in patients with an abnormal SPECT
images and 2.3% in those with normal results.

The findings from the present study extend the conclusions drawn from these four
medium-term prognostic studies {(4-7). In the current study population of 473 patients, the
prognostic value of dobutamine sestamibi SPECT imaging was maintained over an 8-year
period. The event rates for cardiac death, cardiac death or nonfatai MI, and all events were
respectively, 0.9%, 1.2%, and 1.5% per year for patients with a normal scan, and 2.7%, 3.4%,
and 4.4% per year for those with an abnormal scan. Moreover, Kaplan-Meier survival curves
contimued to diverge over time, whereas the curve of patients with a normal SPECT study
showed a very favorable event-free survival, indicating that the prognostic value was
maintained during the entire follow-up period. This is particularly relevant since recently
some investigators have suggested that the “warranty” period for normal stress sestamibi
scans appeared to be 2 years (2). In contrast, the findings from the present study indicate that
patients with normal stress sestamibi images have a durable good prognosis up to § years after
the index stress test. The annual event rate for cardiac death or nonfatal M in patients with
normal scintigraphy results was comparable to the event rate in the general population.
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Hence, patients with normal SPECT images can be spared further invasive evaluation of their
coronary anatomy. However, the clinical value and optimal time intervals of periodic stress
testing in these patients deserve further investigation.

Incremental prognostic value: In this study a multivariate Cox regression model
demonstrated that dobutamine stress *™Tc¢-sestamibi SPECT imaging had an incremental
prognostic value in addition to prognostic information from the clinical data and stress test
results. This is in line with the findings obtained by long-term follow-up studies using
thalliam-201 SPECT imaging to stratify patients (10-14). Independent clinical predictors of
cardiac events were age, male gender, diabetes mellitus, and congestive heart failure. Typical
angina was not independently predictive of events, perhaps due o diminished physical
activity in a population with limited exercise capacity. The incremenial value of myocardial
perfusion scintigraphy over the clinical variables in the prediction of events was performed
according to two models. In the first model, the presence of an abnormal scan was a powerful
independent scintigraphic predictor of future cardiac events. The second model demonstrated
that the SSS was additive to clinical parameters, hemodynamic, and electrocardiographic
parameters. This indicates that the long-term prognosis is not only related to the presence but
also to the extent and severity of perfusion defects on dobutamine stress > ™Tc-sestamibi
SPECT scans.

Limitations: The diagnostic value of dobutamine stress **™Tc-sestamibi SPECT was
high, however 9% of the patients had an inconclusive test (failure to achieve the target heart
rate or to demonstrate a perfusion abnormality}. Therefore, the diagnostic value and perhaps
the prognostic value could have been even higher if beta-blocker medication was routinely
withheld before stress testing.

Ceonclusions: The incremental prognostic value of dobutamine stress **™Tc-sestamibi
SPECT over clinical data is maintained at long-term follow-up. Patients with normal test
results have a good long-term prognosis, and thus may not require further invasive evaluation.
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Prognostic Value of Dobutamine-Atropine Stress
#mT¢-Tetrofosmin Myocardial Perfusion SPECT
in Patients with Known or Suspected Coronary

Artery Disease
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smTe-Tetrofosmin is a recently introduced radioactive isotope
for the assessment of myocardial perfusion. Data regarding the
prognostic value of stress imaging using this isctope are scarce.
The aim of this study was 1o assess the prognostic value of
dobutamine-atropine #mTe-tetrofosmin SPECT for the predic-
tion of late cardiac events in patients with known or suspected
coronary artery disease. Methods: A total of 721 consecutive
patients with limited exercise capacity underwent dobutamine-
atropine stress *Te-tetrofosmin SPECT. Follow-up was suc-
cessful in 719 of 721 patients {98.7%). Twenty-eight patients
who underwent early revascularization were excluded. Results:
Myocardial perfusion abnormalities were detected in 381 pa-
tients (55%) and included fixed defects in 190 patients (27%)
and reversible defects 191 patients (28%). During a mean fol-
low-up period of 37 *+ 17 mo, there were 150 deaths (22%), of
which 82 {41%) were attributed to cardiac causes. Nonfatal
myocardial infarction occurred in 23 patlents (3%), and late (>3
me) coronary revascularization was performed on 21 patients
(3%). The cardiac death rate was 1%/y in patients with a normal
scan and 5.1%/y in patients with an abnormal scan P <
0.0001). in a multivariable Cox propertional-hazards model, the
presence of abnormal perfusion was independently associated
with an increased risk of cardiac death, afier adjusting for
clinical and siress test data (hazard ratio, 8.2; 95% confidence
interval, 3.2-21). Conelusion: Dobutamine-atropine stress
ssmTe-tetrofosmin SPECT Is a useful imaging method for distin-
guishing patients at high and low risk of future cardiac evenis.
The presence of perfusion abnormalities provides incrementat
pregnostic information to clinical, stress electrocardiographic,
and hemodynamic data.
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Rarmacolog—ic stress myocardial perfusion imaging is a
useful alternative to exercise stress in patients with limited
exercise capacity (/-3). For many years, 2T was the most
widely used radioactive isotope in conjunction with phar-
macologic stress testing for the diagnosis and risk stratifi-
cation of corcnary artery disease (CAD) (7). The use of
#mTe-labeled agents provides the advantages of improved
image quality, increased consistency of image analysis, and
a larger injectable dose because of a sherter half-life com-
pared with 20171 (2- 4). %" Tc-Labeled agents (sestamibi and
tetrofosmin) share similar pharmacokinetic properties.
These radiopharmacenticals are distributed within the myo-
cardium in proportion to the regional cardiac blood flow.
After intravenous injection, a relatively rapid clearance of
the tracer from the blood and extracardiac structures ocours
with minimal redistribution from the myocardium. Al-
though several studies have revealed the diagnostic vaiue of
#mTe-tetrofosmin SPECT (5-11), the data to define the
prognostic value of stress imaging with ™™ Te-tetrofosmin
are limited. In a recent study (/2), the extent of reversible
perfusion abnormalities during dipyridamele infusion was
lower with tetrofosmin than with sestamibi. It was con-
cluded that the data relating to the prognostic value of
#mMTc.gestamibi in the literature should not be empirically
extrapolated to **Tc-tetrofosmin imaging because of these
differences. In addition, few studies have shown a reduced
sensitivity of tetrofosmin imaging in patients with interme-
diate stenotic lesions due to a low extraction fraction and
early plateau phase (13). These findings may have important
prognostic implications in patients with normal tetrofosmin
perfusion studies. In these cases CAD may be missed. Recent
studies have shown that hyperemia induced by a dobutamine-
atropine stress test is of 2 magnitude at least equal to hyperemia
induced by vasodilator stress agents such as dipyridamole (14).
The aim of this study was to assess the prognostic value of
dobutamine-atropine  ***Te-tetrofosmin SPECT in patients
with lmown or suspected CAD.
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MATERIALS AND METHODS

Patient Selection

Between 1994 and 2000, 721 consecutive patients with limited
exercise capacity were referred for dobutamine-atropine stress
9mTe-tetrofosmin SPECT for evaluation of suspected or known
CAD. Foliow-up was successful in 719 of 721 patients (99.7%).
Twenty-eight patients who underwent coronary revascularization
within 3 mo of scintigraphy were excluded from analysis. In these
patients, the decision to revascularize may be influenced by test
results. Consequently, the prognostic data reported are based on
693 patients. All patients gave informed consent before testing.
The Hospital Ethics Committee approved the protocol.

Clinical Data

Before the dobutamine stress test, a structured interview and
clinical history, including assessment of cardiac risk factors, were
obtained. Hypertension was defined as a blood pressure of
= 140/90 mm Hg or treatment with antihypertensive medication.
Diabetes mellitus was defined as a fasting glucose level of 7.8
mmol/l. or the need for insakin or oral hypoglycemic agents.
Hypercholesterolemia was defined as a fotal cholesterol of =6.4
mmol/L or treatment with lipid-Jowering medication.

Dobutamine Stress Test

The dobutamine-atropine stress test was performed as described
(7). Dobutamine was administered intravenously, starting at a dose
of 3 we/kg/min for 3 min, then 10 pg/ke/min for 3 min, mereasing
by 10 pgkg/min every 3 min up to a maximum dose of 40
wg/kg/min. If the test endpoint was pot reached at a dobutamine
dose of 40 pgfkg/min, atropine (up to 2 mg) was given intrave-
nously. Blood pressure, heart rate, and electrocardiography were
monitored continuously. Test endpoints were achievement of far-
get heart rate (85% of maximum age-predicted heart rate}, hori-
zontal or downsloping ST-segment depression of >2 mm, ST-
segment elevation of 1 mm in patients without previous
myocardial infarction, severe angina, systelic blood pressure fall
of >40 mm Hg, blood pressure of >240/120 mm Hg, or signifi-
cant arrhythmin. Metoprolol was available to reverse the (side)
effects of dobutamine or atropine if these did not revert spontane-
ously after termination of dobitamine infusion.

SPECT

Approximately 1 min before the termination of the stress test, an
intravenous dose of 370 MBq **"Tc-tetrofosmin was administered.
For resting studies, 370 MBgq tetrofosmin were injected at least
24 h after the stress study. Image acquisition was performed with
a triple-head gamma-camera system (Prism 3000 XP; Picker In-
ternational, Cleveland, OH). For each study, 6 obligue (short axis)
slices from the apex to the base and 3 sagittal (vertical long axis)
slices were defined. Each of the 6 short-axis slices was divided into
8 equal segments. The septal part of the 2 basal slices was
excluded from analysis because this region corresponds to the
fibrous portion of the interventricular septum and normally exhib-
its reduced uptake. Therefore, 47 segments were identified (3 long
axis and 44 short axis). The interpretation of the scan was per-
formed semiquantitatively by visual analysis assisted by analysis
of the circumferential profiles. Stress and rest tomographic views
were reviewed side by side by an experienced observer who was
unaware of each patient’s clinical data. A reversible perfusion
defect was defined as a perfusion defect on stress images that
partially or completely resolved at rest in =2 contiguous segments
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or slices in the 47-segment model. A fixed perfusion defect was
defined as a perfusion defect on stress images in >2 contiguous
segments or slices, which persists on rest images in the 47-segment
model. An abnormal study was considered in the presence of a
fixed or reversible perfusion defect (or both). To assess the severity
of perfusion abnormalities, the left ventricular myocardium was
divided into 6 segments: anterior, inferior, septal anterior, septal
posterior, posterolateral, and apical. Bach of the & major left
ventricular segments was scored using & 4-grade scoring method
(0 = normal, 1 = slightly reduced, 2 = moderately reduced, 3 =
severely reduced or absent uptake). The perfusion defect scare was
derived by the summation of the score of the 6-myocardial seg-
ments at siress ($88) and at rest (SRS). The difference was
expressed as the summed difference score (SDS).

Patient Follow-Up

Follow-up data were obtained in 2000. The mean follow-up
peried was 37 £ 17 mo. The present status was determined by
contacting the patient’s general practitioner or by review of hos-
pital records. The date of the last review or consultation was used
to calculate the foflow-up time. Outcome events were overall
death, cardiac death, nonfatal myocardial infarction, and late (>3
me)} coronary revascularization. Cardiac death was defined as
death caused by acute myocardial infarction, significant cardiac
arrhythmias, or refractory congestive heart failure. Sudden death
oceurring without another explanation was included as cardiac
death. Nonfatal myocardial infarction was defined by cardiac en-
zyme levels and electrocardiographic changes.

Statistical Analysis

Data were expressed as mean value + SD or number and
compared using the Student  test or x7 test. Univariate and
multivariate Cox proportional-hazards regression models were
used to identify independent predictors of late cardiac events.
Variables were selected in a stepwise forward selection manner
with entry and retention set at a significance level of 0.05. The risk
of a variable was expressed as a hazard ratio with a corresponding
95% confidence interval. The incremental value of myocardial
perfusion scintigraphy over the clinical variables in the prediction
of events was performed according to 2 models. In model 1, the
only scan variable entered was the presence of an abnormal scan.
in model 2, the presence of a fixed defect or reversible defect was
included separately. The probability of survival was calculated
using the Kaplan—Meier method, and survival curves were com-
pared using the log-rank test. P < 0.05 was considered statisticaliy
significant.

RESULTS

Demographics and Stress Test Resulis

Clinical characteristics are presented in Table 1. During
the dobutamine-atropine stress test, there was a significant
increase of heart rate (from 77 = 17 to 133 * 17 beats per
minute; P < 0.0001) and systolic bloed pressure (from
144 = 23 to 155 = 32 mum He; P << 0.0001). The highest
dobutamine dose was 10 pg'kg/min in 1% of the patients,
20 pgleg/min in 16%, 30 pgkg/min in 17%, and 40 pg/
kg/min in 66%. Atropine was added in testing 258 patients
(37%; it was administered more frequently in testing pa-
tients who received B-blocker therapy (150/253 [5995]) than
in patients who did not (108/440 [25%); £ < 0.601). The



TABLE 1
Baseline Characteristics

Characteristic Value {26}
Patients {7} 693
Age () 80 = 10
Men 419 (B0}
Women 274 {40}
Hypertension 327 {47}
Diabetes mallitus 125 {18}
Smaoking 169 {24)
Hypercholesterclemia 248 (36)
GCongestive heart failure 121 {17}
B-Blocker use 28337
History
Myocardial infarction 194 {28}
Coronary angioplasty 111 {16}
Coronary artery bypass surgery 100 {14}

test was incenclusive (faiture to achieve the target heart rate
in the absence of perfusion abnormalities) in 7% of the
patients. The cardiac event rate in patients who did not
achieve the target heart rate did not differ from the event
rate in patients with a complete test (P = 0.48). No rela-
tionstip was found between the achieved final stage of
dobutamine infusion and subsequent cardiac death or in-
farction.

Side effects during dobutamine-atropine stress were short
ventricular tachycardia (<{10 complexes) in 23 patients
(3.3%), atrial fibriflation in 7 patients (1.0%), severe hypo-
tension (decrease in systolic blood pressure of >40 mm Hg)
in 7 patients (1.0%), and severe hypertension {blood pres-
sure of >>240/130 mm Hg) in 5 patients (0.7%). Miror side
effects were chills in 52 patients (7.5%), headache in 40
patients (6.6%), and nausea in 38 patients (3.5%). No pa-
tient experienced a myocardial infarction or ventricular fi-
brillation.

SPECT and Foltow-Up Results

Myocardial perfusion abnormatitics were present in 381
of the 693 patients (55%) and included fixed defects alone
in 150 patients (27%) and reversible defects in 191 patients
(28%). These defects were completely reversible in 61
patients {9%) and partially reversible in 130 patients (15%).
There were 150 deaths (22%) during follow-up, of which
62 were attributed to cardiac causes. Nonfatal myocar-
dial infarction ceeurred in 23 patients (3%}, and late coro-
nary revascularization (>3 mo) was performed on 21 pa-
tients (3%).

tUnivariate Analysis

The cardiac death rate {(adjusted for number of patients at
risk) was 1%/y In patients with normal scans versus 5.1%/y
in patients with abnormal scans during the 3-y follow-up
period (P < 0,0001) {Fig. 1). Patients with a normal *~Tc-
tetrofosmin SPECT scan had a hard-event rate (cardiac
death or myocardial infarction) of 1.5%/v compared with
5.5%/y in those with abnormal scans (P < 0.0001). Uni-
variate predictors of endpoints of interest are shewn in
Table 2. The most powerful predictor for cardiac death,
cardiac death or (re)infarction, coronary revascularization,
and all events was abnormal perfusion. Moreover, the extent
and severity of the defect (expressed by the 8585, SRS, and
SDS} were related to cardiac death or nonfatal myocardial
infarction.

Multivariate Analysis

A stepwise logistic regression model showed that an
abnormal scan was the strongest independent predictor of
cardiac death. Multivariate predictors of cardiac death are
presented in Table 3. The addition of the perfusion param-
eters to the clinical variables was performed according to 2
models. Tn the first model (Table 3, model 1) the presence of
an abnormal scan was added to the clinical characteristics,

Mormal scan
1.0
—
= 0.8 P<0.0001
; Abnormal scan
5
=]
6.6
0.4
0 1 2 3 4 5 FIGURE 1. Kaplan-Meier curves for car-
diac death during foliow-up in patients
Follow-up (v} with normal and abnormal #mTc-tetrofos-
min SPECT scans.
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TABLE 2
Univariate Predictars of Late Cardiac Events

Hazard ratio (95% Cl}

Cardiac death

Predictor Cardiac death

All cardiac

or Ml Hevascularization events”

Clinical characteristics

Age (per year} 1.03 (1.01-1.08)

1.0 (1.01-1.05)

0.99 (0.88-1.00) 1.81 {1.00-1.03)

Age =70y 1.4 {0.8-2.7) 1.4 {0.8-2.5) 0.8 (0.4-1.7) 1.2{0.7-1.9)
Male gender 1.5 {0.8-2.7) 20{16-3.4) 2.7(1.4-5.4) 23(1.5-38)
Previous Ml 1.6 (0.8-2.7) 1.8 (1.1-2.8) 2.4(1.4-4.2) 21 (1.4-32)
Diabetes mellitus 2.2(1.2-3.9) 2.0(1.2-3.3) 1.2 {C.6-2.4) 1.7 (1.1-2.7)
Hypertension 1.3 (0.8-2.2) 1.3 (0.8-2.1} 0.8{0.4-1.3) 1.1{0.8-1.7}
Hypercholesterolernia 0.7 (0.4-1.2) 0.6 {0.4-1.0} 1.4 {0.8-2.4) 1.0 {0.8-1.4}
Smoking 2.0{1.1-3.4) 1.8(1.1-3.0) 2.1 {1.2-3.8) 2.2(1.4-3.3)
Congestive heart failure 4.4 (2.5-7.9) 3.7 (2.2-6.3) 0.6 10.3-1.9) 2.4 (1.5-3.8)
Stress test results
Angina pectoris 0.7 0.4-1.5) 1.0 0.5-1.7) 2.1(1.1-3.8) 1.2 (0.8-2.0)
ST-segment changes 1.0{06-1.8) 0.9 (0.6-1.5) 0.8 (0.4-1.8) 0.8 (0.5-1.3)
Scan parameters
Abnormal scan 8.2 3.5-19.4) 5.4 (2.8-10.1} 4.0 (1.8-8.4) 5.6(3.3-9.5)
Fixed defect 2.7 (1.7-4.4) 2.4 (1.4-3.1) 1.2 {0.7-2.1} 1.4 {1.1-1.8)
Reversible defect 2.0(1.3-3.3 1.8(1.2-2.7) 3.0(1.8-5.1) 1.5{1.2-1.8)
588 1.18 {1.08-1.27) 1.18{1.11-1.27} 1,13 (1.04-1.28 1.17{1.11-1.24)
SRS 1.16 {1.08-1.28) 1.17 {1.08-1.25) 1.05 (0.85-1.16} 1.13(1.08-1.19}
sDS $.13 (0.85-1.33) 1.14(0.98-1.32) 1.34 (1.17-1.87) 1.28 {1.13-1.41}

*Cardiac death, M, revascularization.
Cl = genfidence interval: Ml = myocardial infarction.

stress electrocardiographic data, and hemodynamic data. In
moedel 2 the presence of a fixed or reversible perfusion
defect was added separately. The presence of an abnormal
scan (model 1) provided incremental prognostic value over
clinical, stress electrocardiographic, and hemodynamic data
{log-likelihood, —324 to —305; F < 0.0001). Model 2 also
offered incremental prognostic information compared with

the clinical, stress electrocardiographic, and hemodynamic
parameters (log-likelihood, —324 1o —313; P < 0.0001).

DISCUSSION

99mTe-Tetrofosmin is currently used in many nuclear lab-
oratories in the United States and in Europe. Because of

TABLE 3
Multivariate Predictors of Cardiac Death

Hazard ratio (86% CI}

Predictor Clinical data Made! 1 Model 2

{linicat characteristics

Age (per year) 1.05 {1.02-1.08) 1.05 {(1.02-1.08) 1.04 (1.01-1.07)

Digbetes mellitus 2.0{1.1-3.4) 1.8 (1.1-3.2) NS

Smoking 2.1 (1.2-3.8) 1.9{1.1-3.2) 1.8 {1.0-3.0)

Congestive heart failure 4.2 (2.5-7.0) 3.8(2.3-6.6) 3.7{22-52)
Stress test results

Typical angina — NS NS

ST-segment changes — NS NS
Scan parameters

Abnotmal scan — 8.2 (3.2-21) —_

Reversible defect — — 21(12-35)

Fixed defect — o 22(1.2-4.0)

Cl = confidence interval; N§ = not significant; - = variable excluded.

In model 1, presence of abnormal scan was only scan variable entered. In model 2, presence of fixed defect or reversible defect was

included separately.
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considerations of sensitivity in moderately stenotic lesions
and the possibility of underestimating perfusicn abnormal-
ities, studies of the prognostic informaticn obtained by
imaging with this tracer are important to clarify—mwhether
the physician can rely on the results of the test in planning
further management of patients—particularly in deferring
further diagnostic evaluation or interventions in patients
with a negative study.

To ocur knowledge, this is the first study to assess the
prognostic value of dobutamine **Te-tetrofosmin imaging.
This study showed that dobutamine-atropine *™Te-tetrofos-
mir SPECT provided incremental progoostic value over
clinical data, for distinguishing patients with high and low
risk of future cardiac events. A normal perfusion scan was
related to a good prognosis and identified the patient subset
at low risk for cardiac death (cardiac death rate, 1%/y). This
event rate i3 comparable with that in the general population
(15). Conversely, the cardiac death rate was 5.1%/y in
patients with abnormal scan results (P << 0.0001).

The most important predictor of late cardiac events was
an abnormal perfusion scan, which increased the risk for
cardiac death by 8-fold. Fixed and reversible perfusion
abnormalities provided incremental independent prognostic
information. Survival curves continned to diverge cver
time, indicating that the prognostic value of *™Tc-tetrofos-
min SPECT was maintained during the entire follow-up
period.

In contrast to the limited experience with prognostic
applications of ®"Te-tetrofosmin myocardial perfusion im-
aging, multiple studies ({6—21) have reported the prognos-
tic vzlue of imaging with ®™Tc-sestamibi, the perfusion
agent that was introduced earlier. Most of these studies,
with patient populations that were comparable with our
study, showed that normal perfusion scintigraphy was re-
lated to a very low probability of future cardiac events.
Nevertheless, most of these studies showed that the event
rate was relatively higher in patients with normal pharma-
cologic stress compared with normal exercise stress perfu-
sion imaging, probably attributed to the referral of patients
with a higher risk status to pharmacologic stress testing
(22). Stratmann et al. (/6) reported the prognostic value of
exercise *Tc-sestamibi SPECT in 521 patients with a
median follow-up peried of 13 mo. Patients with normal
sestamibi images had a hard-event rate (cardiac death or
myocardial infarction) of 0.5%/y compared with 7%/y for
those with abnormal sestamibi scans. Heller et al. (J7)
reported hard-event rates of 1.4% and 7.4% during a
12.8-mo follow-up period for subjects with normal and
abnormal dipyridamole **Te-sestamibi scintigraphy, re-
spectively. Berman et al. (18) reported a hard-gvent rate of
(.2% in patients with normal or equivocal exercise **Jc-
sestamibi studies and 7.5% in patients with abnormal results
over a follow-up period of 20 mo. Geleijnse et al. {/9)
reported that, in 392 patients, hard cardiac—event rates were
0.8%/y and 6.8%/y in subjects with normal and abnormel

dobutamine ***Te-sestamibi SPECT scintigraphy, respec-
tively. A recent study of Hachamovitch et al. (20) applied a
dual-isotope protocol (rest thallium and exercise sestamibi)
in 2,113 patients. The event rates were 0.3%, 4.7%, and
10% over the 19-mo follow-up period for subjects with a
normal study, mildly abnormal study, and severely abnor-
mal study, respectively.

Our study implies that dobutamine tetrofosmin scintigra-
phy can differentiate patients into low-risk and high-risk
categories, with event rates after a normal study comparable
with that reported in patients undergoing sestamibi imaging.
The observed limitations of tetrofosmin with regard to the
low extraction fraction and estimation of the extent of
hypoperfusion were reported with vasodilator stress and,
therefore, similar findings may not apply with exercise or
exercise simulating stress modalities such as dobutamine. In
a recent study by Galassi et al. (23}, 459 patients underwent
exercise tetrofosmin SPECT. During follow-up perfusion,
15 cardiac deaths occurred, compared with 62 in our study,
probably reflecting the higher risk stams in patients who
wers unable to perform exercise stress test,

Several studies have shown & relationship between the
extent and severity of *"Tc-sestamibi perfusion defects and
the prognosis. In our study, this issue was addressed, and the
extent and severity of " Te-tetrofosmin perfusion defects
were expressed by the SS8 and SRS and evaluated as a
continuous variable. The univariate analysis showed that
$8S and SRS were predictors of cardiac death, cardiac death
or (re)infarction, and all cardiac events. Furthermore, the
SSS was a predictor for late coronary revascularization. A
recent study by Hachamovitch et &l. {20) reported that the
extent and severity of reversible defects present on dual-
isotope SPECT scans (as measured by the SDS) provided
important prognostic information. In line with this, our
study shows that the SDS, which represents the amount of
stress-induced ischemia, is a strong predictor of the need for
corenary revascularization and all future cardiac events.
Nevertheless, in univariate and in multivariate analyses, the
most powerful predictor of cardiac events was an abnormal
scan (Tables 2 and 3).

Previous studies have revealed the safety and feasibility
of high-dose dobutamine-atropine stress testing (24-28).
Consistently, dobutamine-atropine stress testing was ac-
complished in this study without sericus side effects: No
sustained ventricular tachycazdia, ventricular fibrillation,
myccardial infarction, or death occurred. Side effects were
generally well tolerated and rarely required termination of
the study (24-28).

Although the feasibility of the test was high, 7% of
patients had an inconclusive test (failure to achieve the
target heart rate or to show a perfusion abnormality). The
feasibility and perhaps the prognostic value could have been
even higher if B-blocker therapy was routinely discontinued
befere the stress test.
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CONCLUSION

Dobutamine-atropine stress " To-tetrofosmin SPECT is

a useful imaging method for distinguishing patients at high
and low risk of future cardiac events. The preseace of
perfusion abnormalities provides incremental prognostic in-
formation in addition to clinical, stress electrocardiographic,
and hemodynamic data. Patients with nommal perfusion
studies have a low rate of cardiac death (1%). The presence

of

abnormal perfusion was associated with an 8-fold in-

crease in the risk of cardiac events.
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OBJECTEVE - Excrcise 1alerance in patients with diabetes is {requenily impaired due o
noneargiac disease such as claudication and pelyneurapathy. This study assesses the prognostic
value of dobutamine stress myocardial perfusion imaging in patients with diabetes.

RESEARCH DESIGHN AMD METHODS - A ol of 207 conseculive diabetic patients
who were unable (o undergo exercise siress 1esling underwent dobulamine-alropine stress
myacardial perfusion imaging, Follow-up was successful in 206 of 207 (99.5%) partients, A total
of 12 patients underwent early (<&0 days) revascularizarion and were excluded fram the
analysis. End painus during follow-up were hard cardiac events, defined as cardiac deach and
nonfatal myocardial infarction.

RESWLTS — Abnormal myocardial perfusion was detecied in 125 (64%) patients. Durlag
4.1 = 2.4 years of follow-up, 73 (38%) deaths occurred, 36 (49%) of which were due 10 cardiac
causes. Nonfatal myocardial infarction occurred in 7 {4%) patients, and 45 (23%) patients
underwent tale coronary revascularization. Cardiac death occurred in 2 of 62 (3%) patients with
normal myocardial perfusion and in 34 of 125 {27%) patients with perfusion abnormalities (P <
0.0001). A mulivariable Cox proportional hazard model demonsirated that, i addition 10
clinical and stress test data, an abnormal scan had an inereymental prognostic value lor prediction
of cardiac death (hazard ratio 7.2, 95% €1 1.7-30). The summed stress score was an important
predictor of cardiac death; the hazard ratio was 1.2 (95% C1 1 .07-1.34) per ane-unit increment,

CONCLUSIONS — Dobwamine-atropine stress myocardial perfusion tmaging provides ad-
ditional prognostic information incremental 10 clinical data in patients with diabetes who are
unable to undergo exercise siress lesling.

Diabetes Care 25:1637-1643, 2002

heart disease withow diabetes (3,6). Dia-
Dbetic patients have higher cardiac event
rates, more silent ischemia, and a higher
morbidity alter acute myocardial infarc-
tien than nondiabetic patients {7100,
Myocardial revascularization procedures
in diabetic patients are associated with
higher morhidity and mortality raies than

iabetes is considered a major nisk
factor for cardiovascular dizease (1—
4). Coronary artery disease is a ma-
jor cause of morbidity and mortality in
patients with diabetes. When clinical cor-
onary heart disease develops in patients
with diabetes, the clinical ousteome is
worse than in patients with coronary
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nondiabetic patierus However, coronary
artery bypass grafting may substantially
improve long-lerm outcome in selected
diabetic patients (11,12), Therefore, it is
clinically importani 1o determine the risk
of cardiac events in patients with diabetes
in order to select the appropriate manage-
ment strategy.

Several techniques have been pro-
posed for the prognostic stratfication of
diabetic patents, such as exercise stress
testing, in conjunction with thallium
scintigraphy ov echocardiography (13—
17). However, many diabetic palients are
unable 10 undergo an exercise stress test
due 1o the higher prevalence of siroke,
peripheral vascular disease, and neurop-
athy (18-20). Such patients generally
represent a higher risk population than
patients who are able to underge exercise
stress testing, and therefore, pharmaco-
logic stress testing may predict a greater
number of cardiac events in these pa-
iients. Dobutamine-atropine stress myo-
cardial perfusion imaging may be a useful
alternative in these high-risk patients
(21,22}, However, the value of dobu-
taming-atropine stress myocardial perfu-
sion imaging in the prognostic
stratification of diabetic patients has not
been previously studied. The atm of this
study was Lo assess the incremental prog-
nostic value of dobwamine-atropine
stress myocardial perfusion imaging rela-
live o clinical data in diabetic patients
who are unable 10 undergo an exercise
test.

RESEARCH DESIGN AND
METHODS

Patient population

The study pepulation consisted of 207
conseculive patients with diabetes who
were unable to undergo an exerclse test
and underwent dobutamine-atropine
stress myocardial perfusion imaging.
These patlents were included in an elec-
tronic registry that accumulated in the
course of daily clinical care. The Lest was
requested for evaluation of myocardial
ischemia in all patients; 91 patients had
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Table 1—Baseline chardcteristics

N 194
Age (years) 81 =+ 10
Male sex 116 {60}
Hypertension 110 (5%
Smaking 48 (25)
Hypercholesterolemia 64 (33)
Heart failure 51(26)
Histary of myocardial 82 (42)
infarction
History ol myocardial 52(27)
revascularization
B-hlockers 65 (34)
Calcium channel blockers 102 (53)
Type 1 diaberes 58 (30}
Duration of diabetes (years) g+ 10
Complicatinns of diabetes
Nephropathy 3T
Neuropathy 31 (16)
Retinopathy 37 (19
Peripheral atherosclerosis 34 (18)
Stroke 17 {9)

Data are means + 5E or n (%),

known or suspected coronary artery dis-
ease, 63 had atypical angina, and 33 had
typical angina. Diabetes was defined as a
[asting blood glucose level > 140 mg/dl or
the need for insulin or oral hypoglycemic
agents. Follow-up was successful in 206
of 207 patients (99.5%). A total of 12 pa-
tients who underwent coToTary revascu-
{arization within 60 days of the test were
excluded [rom the analysis. This exclu-
sion was based on previeusly published
data indicating that referral to corenary
revascularization in the first 60 days after
nuclear testing tends to be based on the
results of the scan and that referral to re-
vascularization >60 days after nuclear
testing tends to be based on worsening of
the patient's elinical status (23). Data
from the remaining 194 patients are re-
ported. All patients gave informed con-
sent before testing. The medical ethics
committee of the hospital approved the
study protocol.

Climical daia

Before the test, a structured interview was
perforrmed and a clinical history was ob-
tained, including assessment of cardiac
risk factors. Hypertension was defined as
bleod pressure 2140/00 mmHg or need
for antihypertensive medication. Hyper-
cholesterolemia was defined as toral cho-
testerol level =6.4 mmoll or need for
lipid-lowering medication.
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The type and duration of disbetes, as
well as the presence of diabetic complica-
tions at baseline, including nephropathy,
neuropathy, stroke, retinopathy, and pe-
ripheral atherosclerosis, were assessed by
review of hospltal records ov contacting
the patient’s treating physician. Nephrop-
athy was defined as a serum creatinine
concentration >250 wmol/l, urinary al-
bumin excretion rate in an overnight
specimen 200 pg/min on more than
orie consecutive occasion, or the need for
dialysis or renal transplantation. Stroke
was defined a5 a sudden neurologic deficit
that persisted for >24 h and was evi-
denced by a lesion in the expected site of
injury by computed tomography or mag-
netic resonance imaging when available.
Diabetic retinopathy was assessed by ex-
perienced ophthalmologists via ophthal-
maescopy with pupil dilatation and/or
retinal photography. Peripheral athero-
sclerosis was defined as the need for pe-
ripheral bypass surgery or amputation of
at least one digit.

Dobutamine stress protocol
Dobutamine-atropine stress testing was
performed according to a standard proto-
col as previously reported (24). Dobut-
amine was administered intravenously,
starting at 2 dose of 10 g -kg™' *min~ for
3 min, increasing by 10 g - kg™ - min™!
every 3 min, up to a maximum dose of 40
pg- kg™t min . If the test end point was
not reached at a dobutamine dose of 40
pg kg - mint, acropine (=1 mg) was
administered intravenously. Blood pres-
sure and heart rate wers monitored and
electrocardiography was performed con-
stantly. Test end poines included the fol-
lowing: achievement of target heart rate
(85% of maximum age- and sex-predicted
heart rate), horizontal or downsloping
ST-segment depression >>2 mm at an in-
terval of 80 ms after the J-point compared
with baseline, ST-segment elevation >1
mm in patients without previous myocar-
dial infarction, severe angina, decrease in
systolic blood pressure >40 mmHg,
bloed pressure >240/120 mmHg, or sig-
nificant cardizc arrhythmia. Meateprolol
was available for administration Lo reverse
the adverse effects of dobutamine/
atropine.

Myocardial perfusion imaging

Approximately 1 min before the termina-
tion of the dobutamine-atropine stress
test, an intravenous dose of 370 MBq of

technetium-99m {**™Tc)-sestamibi {in
69 patients) ot **™Te-tetrofosmin (in 125
patients) was injected. For resting studies,
370 MBq of the same tracer was injected
at least 24 h after the stress test. lmage
acquisition was performed with a com-
mercially available single-photon emis-
sion computed temography [($PECT)
camera system (QOrbiter camera; Siemens,
Iselin, NJ; or Picker Prism 3000¥P cam-
era; Picker, Cleveland, OH} For each
study, six oblique {short axis) slices from
the apex to the base and three sagittal
{vertical long axs) slices were defined.
Fach of the six short-axis slices was divid-
ed into eight equal segments. The septal
part of the two basal slices was exduded
from analysis because this Tegion corre-
sponds to the fibrous portion of the inter-
ventricular septum and normally exhibits
reduced uptake. Therelore, a toral of 47
segments were identified (3 long-axis and
44 short-axis). The interpretation of the
scan was semiquantitatively performed
by visual analysis assiszed by the circum-
ferential profiles analysis. Stress and rest
tomographic views were reviewed side-
by-side by twa experienced observers
who were unaware of the patients’ clinical
data. In case of disagreement, a majority
decision was achieved by a third observer.
A teversible perfuston defect was defined
as a perfusion defect on stress images that
partially or completely resolved at rest in
=2 contiguous segments of slices in the
47-segment model. A fixed perfusion de-
fect was defined as a perfusion defect on
stress images in (wo Or more Contiguous
segmernits or slices that persisted on rest
images in the 47-segment model. An ab-
normal study was considered in the pres-
ence of a fixed and/or reversible perfusion
defect. To assess the severity of perfusion
abnormalities, the left ventricular myo-
cardium was divided inte six segments:
anterior, inferior, septal anterior, septal
posterior, posterolateral, and apical. Each
of the six major left ventricular segments
was scered using a four-point scoring sys-
tem (0 = nomal, 1 = slightly reduced,
2 = moderately reduced, and 3 = severe-
ly reduced or absent uptake). The perfu-
sion defect score was derived by the
summation of the score of the six myocar-
dial segments at stress (summed stress
score [855]).

Daia collection and end polits
Follow-up data were obtained by review-
ing hespital records and/or by contacting



Table 2—Predictors of cardiac death

Univariate

Multivariate analysis

Clittical data

Model 1 Mode 1

Clinicat characteristics

Age* 107 (1.03-1.12} 1.08 (1.03-1.12}
Male sex 0.8(0.4-1.8) NS
Previous myoecardial infarction 1.8{0.9-33) NS
Hypertension 0.6 (0.3-1.2) NS
Hypercholesterplemia 1.1(0.6~2.2) N5
Smoking 1.2 (0.6-2.5) NS
Heart failore 382.0-74) 3.1 (16-6.0)
Type 1 diabetes 1.8{0.8-39) NS
Duration of diabetes (years)* 1.05 {1.01-~1.08} NS
Diabetic complications
Nephropathy 1.9(0.8-4.3) NS
Neuropathy 0.8(0.3-23) N5
Retinopathy 1.3(0.5-3.1) N5
Peripheral atherosclerosis 37(1.6-84) 3.2 (1.6-6.5)
Stroke 2.7 (0.9-7.8) NS
Stress test resulis
Typical angina 0.8(0.3-1.7) —_
ST-segment changes 1.140.5-22) —
Scan parameters
Abnormal scan 9.7 (2.3~-40) e

545"

121 (1.10-1.34) —

1.08 (L.03~1.13) 1.08 (1.04-1.13}

N§ NS
NS N&
NS NS
N§ NS
N3 NS
25(13-49) 2.2 (1.1-4.4)
NS N5
NS5 NS
NS N5
NS N5
N5 N5
31(1.5-6.2) 34(1.7-69)
NS NG
NS N5
NS NS
7.2{1.7-30) e

— 1.20 (1.07.1.34)

Data are Cox proporicnal hazard raiio (95% CI). In model 1, the variable ¢nlered was the presence of an ahnormal scan; in model 11, the 555 was includec  *Per
ane-uni: Increment; -, varizble excluded, NS, not statistically significant.

the patient's general practitioner. The
dace of the last review or consultation was
used to determine [ollow-up tme. The
mean follow-up period was 4.1 £ 2.4
years (range 6 months to 10 years). End
points comprited overall death, cardiac
death, nonfatal myocardial infarction,
and late (>60 days) coronary revascular-
ization. Cardiac death was defined as a
death caused by acute myocardial infarc-
tion, significant cardiac arrhythmias, or
refractory congestive heart failure. Sud-
den death occurting without another ex-
planation was included as cardiac death.
Nonfatal myocardi] infarction was de-
fined by elevated cardiac enzyme levels
and typical changes on electrocardiogra-
phy.

Statistical analysis

Values were expressed as ean value =+
SD or number and were compared using
the Student's { test or x* test. Univariale
and multivariate Cox proportional hazard
regression modets (BMDP statistical soft-
ware, Los Angeles, CA) were used to iden-
tify independent predictors of late cardiac
events (25). Variables were selecied in a
stepwise forward-selection manner with

entry and retention set at a significance
level of 0.03. The risk of a variable was
expressed as a hazard rato with corre-
sponding 95% CI The incremental value
of myocardial perfusion scintigraphy over
the clinical variables in the prediction of
events was deterriined according 1o two
models. In model 1, the variable entered
was the presence of an abnormal scan; in
model 11, the 555 was entered. The prob-
ability of survival was calculated using the
Kaplan-Meier method, and survival
curves were compared using the fog-rank
test. P < (.05 was considered statistically
significant.

RESULTS

Patient characteristics and
dobutamine stress test

Baseline data from the 194 patients (116
men and 78 women aged 61 £ 10 years)
are summarized in Table 1. During the
dobutamine-atropine stress test, heart
rate increased from 77 £ 17 to 136 % 17
bpm (P < 0.0001), and systolic blood
pressure increased from 144 = 26 o0
158 % 33 mmHg (P < 0.001). The peak
dobutamine dose was 10 g~ kg™ - min™

in 5 patients (3%), 20 pg kg™ +min in
24 patients (12%), 30 pg - kg™ - min™! in
35 patierts (18%), and 40 pg - kg™t -
min~ in 130 patients (57%). In 78 pa-
uents (40%), aropine was added. Atro-
pine was more frequently administered in
patiertts using B-blocker therapy (41 of
66 patients, 52%) than in those not taking
B-blockers (37 ol 128, 29%, P < 0.0001).
Adverse effects during the test were ven-
tricular tachycardia (>10 beats) in 1
patient (0.5%), short ventricular tachy-
cardia (<10 beats} in 7 patients (3.6%),
atrial fibrllation in 2 patients (1.09%}, se-
vere hypotension (decrease in systolic
blood pressure 40 mmHg) in 3 patients
(1.5%), nausea in 11 patierus (5.7%}, and
headache in 12 patients (6.2%). No pa-
tent experienced a myccardial infarction
or fatal complication. Typical angina oc-
curred in 33 patients (27%), whereas 54
patients (28%) exhibited ST-segment
changes.

Myocardial perfusion images and
follow-ap

Abpormal myocardial perfusion was de-
tected in 125 patients (64%). A total of 17
patletis (9% had reversible perfusion de-
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Table 3—Predictors of hard cardiac events (cardiac death or myocardial infarction)

Univariaie

Multivariate analysis

Clinfeal data

Model 1 Model 1T

Clinical characteristics

Age* LO06(1.03-1.1D) 106103111
Male sex 0.7 {0.4-1.3) NS
Previous myocardial infarction 1.6 (0.9-2.5) NS
Hypertension 0.9 (0.5~1.6) NS
Hypercholesterolemia 1.0(0.5-1.9) NS
Smoking 1.4 (0.7-2.6} NS

Heart failure 32(1.7-59) 2.7 (1.5-5.0)
Type 1 diabetes 20(0.8-42) NS

Duration of dighetes (years)*
Diabetic complications

1.04 (1.01-1.08)

1.04 (1.01-1.07)

Nephropathy 17 (0.7-3.7) NS
Neurapathy 0.8(0.3-2.1) N5
Retinopathy 1.2 {0.7-1.9) NS
Peripheral atherosclerasis 32(14-7.00 3.0(1.6-5.8)
Stroke NS N5
Stress test results
Typical angina 381(0.4-1.73 -
ST-segment changes 1.1 (0.6-2.0% —
Scan parameters
Abnormal scan 3.4(14-8.1) e

555*

1.16 (1.06-1.27)

1.07 (1.03-1.11) 1.06 (1.03-1.10)

NS 0.5 (0.3-0.9)
N5 N3
N3 N5
NS NS
N5 NS
2.5 (1.4-4.7) 2.1{11-40
NS w5

1.04 (31.01-1.07) 1.04{1.01~1.07}

NS N5

NS NS

NS NS
33(1.6-59) 3.1 (L6-6.0)

N5

NS NS5

NS N5
28(12-68) —

1.13(1.02-1.25)

Dawa are Cox proportional hazard ratio (93% CI). In model 1, the variable entered was the presence of an abmormal scan; in model 11, the 585 was includec *Per

ohe-unit increment; —, variable excluded.

lects, 61 patients (31%) had fixed defects,
and 47 patients (24%) had fixed plus re-
versible defects. During the follow-up pe-
riod of 4.1 £ 2.4 years, 73 patients (38%)
died; 36 of these patients (19%) died of
cardiac causes. Nonfatal myocardial in-
farction occurred in 15 patients (8%), and
18 patients (9%) underwent late coronary
revascularization {¢otonary artery bypass
grafting in & patients and percutanecus
transluminal coronary angiography in 12
patients). OF the remaining 46 patients
with reversible perfusion defects or fixed
and reversible perfusion defects, most (43
patients) had limited perfusion defects
and received medical treatment; one pa-
tient was accepted for coronary revascu-
lavization but died of noncardiac cause
before coronary revascularization, one
patient refused coronary revasculariza-
tion and received medical trearment, and
one patient had normal resuls of coro-
nary angiography.

Predictive value of clinical data and
test results

During a follow-up period of 4.1 * 2.4
years, cardiac death occurred in 2 (3%) of
6% patients with normal myocardial per-
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fusfon and 34 (27%) of 125 patients with
abnormal perfusion (P << 0.00GL). Uni-
variate and multivariate predictors of car-
diac evens are shown in Tables 2 and 3.
Among clinical variables, age, heart fail-
ure, and peripheral atherosclerosis were
independent predictors of cardiac death
and hard cardiac events {cardiac death/
nonfatal infarction}. The duration of dia-
betes was a clinical predictor of hard
cardiac events as well. An abnormal scan
provided incremental prognostic infor-
mation over these clinical variables.
Kaplan-Meier survival curves for the end
points cardiac death and cardiac death/
nonfatal infarction are presented in Figs.
1 and 2, respectively. Event-free survival
was significantly bewer for patients with
normal perfusion than for those with ab-
normal perfusion. In patients with a nor-
mal sean, there was no cardiac mortality
=2 5 years after the myocardial perfusion
study. The 553 provided incremental
prognostic information as well (see Tables
2 and 3). Cumulative event rates accord-
ing to the 555 are depicted in Fig. 3. Cu-
mulative event rates increased as a
function of defect extent and severity.

CONCLYSIONS — This study as-
sessed the incremerntal value of dobu-
tamine-gtropine stress myocardial
perfusion imaging in the prediction of
cardiac events in diabetic paderus with
limited exercise capacity. Follow-up end
points were cardiac death and nonfatal
myoccardial infarction. During the fol-
low-up period of 4.1 + 2.4 years, 73 pa-
tients (38%) died; 36 of these patients
(27%) died of canliac cavses, Nonfatal
myocardial infarction accurred in 15 pa-
tents (8%), and 18 patients (9%) under-
went late coronary revascularization,
Clinical predictors of cardiac death alone
and hard cardiac events (cardiac death
and myocardial infarctior) were age,
heart failure, and peripheral atherosclero-
sis. The duration of diabetes (years) was 2
clinical predictor of hard cardiac events as
well. Dobutamine-atropine stress myo-
cardial perfusion imaging provided incre-
mental prognostic information for the
prediction of cardiac death and hard car-
diae events relative to clinical and stress
test data, Cardiac death occurred in 3% of
the patiens with normal myocardial per-
fusion and in 27% of the patients with
abnormal perlision (P < 0.0001}. The
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Fignre 1—Kaplan-Meler survival curves for cardiac death as a function of dobutamine stress
™ Te-sestamibi SPECT results. Event-free survival is much better in patients with normal test
results compared with those with abnormal test results.

585 also provided powerful prognostic in-
formation on beth end points. These find-
ings demonstrate that the evaluation of
severity of functional abnormalities as a
conseguence of coronary artery disease by
dobutamine-atropine stress myocardial
perfusion imaging provides clinically use-
ful information in diabetic patients.

Previous studies

Currently, there are no clinical cutcome
data to define the role of doburamine-
atropine stress myocardial perfusion im-
aging as a prognostic tool in patients with
diabetes (26). Daia on the prognostic
value of myocardial perfusion imaging in
diabetic patients are limited. Felsher et al.
{13} demonstrated that exercise planar
thallium imaging was useful for the risk
stratification of 123 diabetic patients.
Four cardiac deaths and eight nonlatal in-
farctions occurred during the follow-up
period of 1.8 * 0.9 years. Vanzetto et al.
{14) evaluated the prognostic value of ex-
ercise thallium imaging in 158 diabetic
patients. During the follow-up period of
1.9 & 1.4 years, cardiac death occurred in
§ patients and nonfatal infarction oc-
curred in 14 patients. The authors con-
cluded that inability to exercise was
associated with a high risk of events and
suggested that, for the assessment of
prognosis in these padents, pharmaco-
logic stress myocardial perfusion imaging
be performed. Cohen et al. {15) demon-
strated that abnormal dipyridamole stress
thallium, images were important adverse
indictors of long-term prognosis in 101
diabetic patients undergoing peripheral

vascular surgery. Kang et al. (16) evalu-
ated the gprognostic wvalue of rest thallium/
stress o™ Te-sestamibi myocardial
perfusion imaging in diabetic patients.
During the follow-up period of 2.0 = 0.6
vears, 30 cardiac deaths and 42 nonfatal
infarcrions occurred in 1,080 patients
wich diabetes. Most of these patients had
undergone exercise stress testing,
whereas the others had undergone aden-
osine stress testing. As in the present
study, an abnormal scan and the 555 pro-
vided incremental prognostic informa-
tion over clinical data, Recently, Giriet al.
(277 studied 929 diabetic patients alter
exercise or vasodilator stress myocardial
perfusion imaging. During a follow-up

period of 2.5 % 1.5 years, 39 deaths and
41 nonfatal infarctions occurred. The
presence and the extent of abnormal
stress myocardial perfusion imaging inde-
pendently predicted subsequent cardiac
events. Although exercise is the most
physiological stress method and provides
useful prognostic information by study-
ing hemodynamic response and exercise
tolerance, many diabetic patients are un-
able to exercise adequately due to periph-
eral vascular disease, neuropathy, and
degenerative joint disease (18-20).
Therelore, studies of the prognostic value
of pharmacological stress testing are im-
portant in these patients. Cardiac death
rate in this stady is much higher (4.5%)
than in previous studies of digbetic pa-
tients, in which cardiac death rare ranged
between 1.8 and 2.7%. This demmonstrates
the importance of noninvasive imaging in
this high-risk population with lmited ex-
ercise capacity. Frevious studies of the
general population showed that dobu-
tamine-atropine stress myocardial perfu-
sion imaging is an alternative in parients
who are unable to undergo exercise siress
testing (21,22,26), particularly in patients
with relative contraindications to vasodi-
lator stress agents (patients with ohsinc-
tive airway disease) or in those who have
ingested calfeine or aminophylline
shortly before stress myocardial perfusion
imaging. The present siudy is the first to
demonsitate that dobutarine-atropine
stress myoacardial perfusion imaging
forms a sale and useful substitute to exer-

100% 7
E 90% normal scan
5
v 80% 7
N =i
2 p=0002 i srmal scan
£ 0%
o |
% 60%
a
50% ¥

3 4 5 g

Follow-up (years)

Figure 2—Kaplan-Meter survival curves for hard cardiac events (cardiac death/monfatal infare-
tion) as a function of dobutamine stress " Te-sestamibi SPECT resulis. A significant difference in
event-free survival exists between patients with normal test results and those in whon test resuits

are abnormal.
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Figure 3—Cumulative cardiac event rates (cardiac dearh/nonfatal infarction/revascularization)

according to 558,

cise stress imaging in patients with diabe-
tes as well.

In summary, dobutamine-atropine
stress myocardial perfusion imaging is a
clinically useful method for the prognos-
tic stratification of patients with diabetes
who were unable to undergo exercise
stress testing, The test providesincremen-
tal prognostic information relative to clin-
ical parameters. Patients with normal
perfusion have a good progrosis, whereas
patients with an abnormal test are at a
high risk for cardiac events. Both an ab-
normal myocardial perfusion and the 555
are important determinants of prognosis.
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Abstract

Background: “™Tc-tetrofosmin  single-photon emission computed tomography
(SPECT) is a useful alternative to **'Tl scintigraphy for the assessment of myocardial
perfusion. Currently, information on the prognostic value of exercise *™Tc-tetrofosmin
SPECT is limited. This study assessed the incremental value of exercise ° "Tc-tetrofosmin
SPECT for the prediction of cardiac events in patients with known or suspected coronagy
artery disease.

Methods: Exercise ~"Te-tetrofosmin SPECT imaging was performed in 653
consecutive patients. Follow-up was successful in 648 (98.9%) patients. Ten patients
underwent early coronary revascularization and were excluded. End points were cardiac
death, nonfatal infarction, and late (>60 days) coronary revascularization. An abnormal study
was defined as the presence of fixed and/or reversible perfusion defects. A summed stress
score (SSS) was derived to estimate the extent and severity of perfusion defects.

Results: An abnormal scan was detected in 344 (54%) patients. During a mean
follow-up period of 4 £ 1.3 years, 56 (9%) patients died (22 cardiac deaths) Nonfatal
ryocardial infarction occurred in 19 (3%) patients, and 89 (14%) patients underwent late
coronary revascularization. An abnormal scan was an independent predictor of cardiac death
(hazard ratio 3.5, CI 1.1-12.2), and provided incremental information over clinical and
exercise test data (Loglikelihood -133 to -125, P<0.05). The SSS provided incrementai
prognostic information over clinical data as well (Loglikelihood -133 to -127, P<0.05) {hazard
ratio 1.23 (CI 1.10-1.38). An abnormal scan (hazard ratio 3.3 (CI 1.1-12.2)) and the SS§
{hazard ratio 1.25 (CI 1.07-1.45)) were powerful independent predictors of the combined end
point of any cardiac event.

Conclusion: Exercise “™Tc-tetrofosmin myocardial perfusion SPECT provides
information incremental to clinical data, in the prediction of cardiac events in patients with
known or suspected coronary artery disease.
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Introduction

Exercise thallium-201 (*“'T1) myocardial perfusion imaging has been used for the
%ﬂediction of cardiac events over the last two decades (1-3). Previous studies have shown that
Tl myocardial perfusion variables have incremental value for the prediction of cardiac
events over clinical and exercise test information alone {1-3). The new technetium-99m
(**™Tc¢) labeled perfusion tracers provide an improved image quality, and have a much shorter
haif-life compared to **'T1 (4-6). Several studies have confirmed the diagnostic accuracy of
exercise * ™ Te-tetrofosmin SPECT imaging (7-10). However, information on the prognostic
value of exercise ~Tc-tetrofosmin myocardial perfusion imaging is scarce (11,12).
Additionally, the value of exercise ™ Te-tetrofosmin SPECT for the prediction of cardiac
death as an individual end-point has not yet been demonstrated. From a clinical point of view
this is important to know, since the prevention of cardiac death differs from the prevention of
other cardiac events (13-16). The aim of this study was to assess the value of exercise “™Tc-
tetrofosmin SPECT for the prediction of cardiac events in patients with known or suspected
coronary artery disease.

Material and methods

Patient Selection: The study population consisted of 655 consecutive patients referred
for exercise *™Te-tetrofosmin SPECT imaging for the evaluation of suspected or known
coronary artery disease. Follow-up was successful in 648 patients (98.9%). Ten patients
underwent coronary revascularization in the first 60 days after the nuclear testing. These
patients were excluded from the analysis, because referral to coronary revascularization in the
first 60 days after nuclear testing tends to be based on the results of the scan, and referral to
revascularization >60 days after testing tends to be based on worsening of the patient’s
clinical status (17). The data from the remaining 638 patients are reported. All patients gave
informed consent before the test. The protocol was approved by the Hospital Ethics
Comnittee.

Clinical data: Before nuclear testing, a structured interview and clinical history were
acquired and cardiac risk factors were assessed. Hypertension was defined as a blood pressure
>140/90 mmHg, or treatment with antihypertensive medication. Diabetes mellitus was
defined as a fasting glucose level 27.8 mmol/L or the need for insulin or oral hypoglycemic
agents. Hypercholesterolemia was defined as a total cholesterol 26.4 mmel/L, or treatment
with lipid-lowering medication.

Exercise protocol: All patients performed a symptom-limited upright bicyele
ergometry test with stepwise increment of 20 W every minute, Three electrocardiographic
leads were continuously monitored. Cuff blood pressure measurements and twelve-lead
electrocardiography were recorded at rest and every minute during exercise and recovery.
Computer averaging of the electrocardiographic complexes was performed by the Schiller
system Cardiovit CSG/12. Significant ST-segment depression was defined as a >1 mm
horizontal or downsloping St-segment depression occurring at 80 ms after the J point.

Bope Tetrofosmin SPECT imaging: An intravenous dose of 370 MBq of Pmpe.
tetrofosmin (Myoview, Amersham, Buckinghamshire, United Kingdom) was administercd
approximately 1 minute before the termination of the exercise test. For resting studies 370
MBgq of tetrofosmin were injected at least 24 hours after the exercise study. Image acquisition
was performed with a triple head gamma camera system (Picker Prism 3000 XP, Cleveland,
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Ohio, USA). For each study six oblique (short axis) slices from the apex to the base, three
sagittal {vertical long axis) slices were defined. Each of the 6 short axis slices was divided
into 8 equal segments. The septal part of the 2 basal slices was excluded from analysis
because this region corresponds to the fibrous portion of the interventricular septum and
normally exhibits reduced uptake. Consequently, a total of 47 segments were identified (3
long axis and 44 short axis). The interpretation of the scan was semiquantitatively performed
by visual analysis assisted by the circumferential profiles analysis. Exercise and rest
tomographic views were reviewed side by side by an experienced observer who was unaware
of the patients’ clinical data, A reversible perfusion defect was defined as a perfusion defect
or: the exercise images that partially or completely resolved at rest in 22 contiguous segments
or slices in the 47-segment model. A fixed perfusion defect was defined as a perfusion defect
on exercise images in 2 or more contiguous segments or slices, which persists on rest images
in the 47-segment model. An abnormal study was considered in the presence of fixed/and or
reversible perfusion defect. To assess the severity of perfusion abnormalities, the left
ventricular myocardium was divided into 6 segments; anterior, inferior, septal anterior, septal
posterior, posterolateral and apical. Each of the 6 major left ventricular segments was scored
using a 4-point scoring method (0 = normal, 1 = slightly reduced, 2 = moderately reduced, 3 =
severely reduced or absent uptake). The summed stress score was calculated to estimate the
extent and severity of perfusion defects.

Follow-up: Follow-up data collection was performed by contacting the patient’s
general practitioner and by review of hospital records. The date of the last review or
consultation was used to calculate follow-up time. Outcome events were: overall death,
cardiac death, nonfatal myocardial infarction, and fate (>60 days) coronary revascularization.
Cardiac death was defined as a death caused by acute myocardial infarction, significant
cardiac arrhythmias, or refractory congestive heart failure. Sudden death occurring without
another explanation was included as cardiac death, Nonfatal myocardial infarction was
defined by cardiac enzyme levels and ECG-changes.

Statistical amalysis: Continuous data were expressed as mean value £ SD. The
Student’s t test was used to analyze continuous data. Differences between proportions were
compared using the Chi-square test. Univariate and multivariate Cox proportional hazard
regression models (BMDP Statistical Software Inc., Los Angeles, California, USA) were used
to identify independent predictors of late cardiac evenis (18). Variables were selected in a
stepwise forward selection manner with entry and retention set at a significance level of 0.05.
The risk of a variable was expressed as a hazard ratio with a corresponding 93% confidence
interval. The incremental value of myocardial perfusion scintigraphy over the clinical
variables in the prediction of events was performed according to two models. In model I, the
presence of an abnormal scan was included, and in medel II, the S8S was included. The
probability of survival was calculated using the Kaplan-Meier method, and survival curves
were compared using the log-rank test. A p value <0.05 was considered statistically
significant.

Results

Patient characteristics and exercise fest results: The clinical characteristics of the
638 patients are presented in Tabie 1. There was a significant increase of heart rate (76 = 18 to
140 £ 24 beats/min, P<0.0001), and systolic blood pressure (140 £ 21 to 180 + 3¢ mm Hg,
P<0.0001) from rest to peak exercise. The mean work load was 152 + 39 W. During the
exercise test, 106 patients had typical angina, and 124 had significant ST-segment depression.
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Side effects were short ventricular tachycardia (<10 complexes) in 7 patienis (1%), and atrial
fibrillation in 8 patients (1%}. Minor side effects were dizziness in 40 patients (6%), headache

in I8 (3%), and nausea in 12 (2%). No patient experienced a myocardial infarction or
ventricular fibrillation.

Table 1. Baseline Characteristics

Number (%)

Age (v) 56x11
Man 428 (67}
Women 210(33)
Congestive heart failure 70 (11)
Diabetes mellitus 58 (9)
Hypercholesterolemia 268 (42)
Hypertension 275 (43)
Previous myccardial infarction 171 (27)
Smoking 153 (24)
Beta blockers 261 (41)
Calciwm channel blockers 269 (42)

SPECT and follow-up results: An abnormal scan was detected in 344 (54%)
patients. Myocardial perfusion abnormalities included fixed defects alone in 186 (29%), and
reversible defects in 158 (25%). These defects were completely reversible in 56 (9%) patients
and partially reversible in 102 (16%) patients. During a mean follow-up period of 4 + 1.3
years, 56 (9%) patients died, of these patients 22 (39%) died due to cardiac causes. Nonfatal
myocardial infarction occurred in 19 (3%) patients, and 89 (14%) patients underwent late
coronary revascularization.

Normal scan

100% -‘t-\—‘_l—,_h__‘—\)

Abnormal scan

50% 1 P<0.001

Survival

80% 7

0 1 2 3 4
Foliow-up (y)

Figure 1. Kaplan-Meier survival curves(end point of cardiac death) in patients with normal
and abnormal exercise *" Te-tetrofosmin SPECT.
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Predictive value of clinical data and SPECT resuits: There was a significant
difference in event-free survival between paiients with a normal and patients with an
abnormal P Te-tetrofosmin myocardial perfusion scan (Figure 1 and 2). Kaplan Meier
survival analysis revealed that a normal perfusion scan was associated with a very low risk for
cardiac death (annual cardiac death rate <0.3%). Predictors of cardiac death by Cox analysis
are shown in Table 2. Univariate predictors were age, male gender, a history of congestive
heart failure, peak heart rate, systolic blood pressure, rate pressure product, an abnormal
perfusion scan, and the 8§5. A multivariate model demonstrated that an abnormal scan was
the most powerful independent predictor of cardiac death (Table 2). The addition of the
perfusion parameters to the clinical variables was performed using two models. In model I,
the presence of an abnormal scan was added to clinical and exercise test data. In model II, the
SSS was added. An abnormal scan (model T) was an independent predictor of cardiac death
{hazard ratio = 3.5, CI 1.1-12.2), and provided incremental information over clinical and
exercise test data {Loglikelihood -133 to -125, P<0.05). Model I provided incremental
prognostic information over clinical data as well (Loglikelihood -133 to -127, P<0.05).

100% T Normal scan

90% A P<0.0001

Survival

Abnormal scan

80% 'fif’ . .

0 1 2 3 4
Follow-up {y}

Figure 2. Kaplon-Meier curves (end points of cardiac death, nonfatal infarciion, and
coronary revascularvization) in patients with normal and abnormal exercise *"Te-tetrofosmin
SPECT myocardial perfusion images.

Univariate predictors of all cardiac events (cardiac death, non-fatal myocardial
infarction and late revascularization) were age, male gender, previous myocardial infarction,
peak heart rate, systolic blood pressure, rate pressure product, typical angina, ST-segment
changes, an abnormal scan, and the SSS (Table 3). A multivariate model demonstrated that an
abnormal scan (hazard ratio 3.3 (CI 1.1-12.2)) and the SSS (hazard ratio 1.25 {CI 1.07-1.45))
were powerful independent predictors of ali cardiac events (Table 3).
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Table 2. Predictors of cardiac death

L. Multivariate
Univariate
(HR, CI) HR (CI) Model 1 Model 1L

Age* 1.04 (1.00-1.09) 1.04 (1.00-1.09) N§ NS

Male gender 34(1.0-11.6) 34(1.0-11.3) NS NS
. Congestive heart 2.7 (1.0-7.3) NS NS NS

atlure

Diabetes meliitus 0.5(0.1-3.8} NS NS NS

History of angina .5 (0.2-1.6) NS NS NS

Hyperchelesterolemia 0.5 (0.2-1.4) NS NS NS

Hypertension 1.0 (0.4-2.4) NS NS NS

Previous M1 1.9 (0.8-4.4) NS NS NS

Smoking 0.9 (0.3-2.5) NS NS NS
Exercise test results

Peak heart rate 0.97 (0.96-0.99) - NS NS

Peak systolic BP 0.98 (0.97-0.99) - NS§ NS

Peak RPP 0.88 (0.82-0.95) - 0.90(0.83—0.57) NS

Typical angina 1.1(0.4-3.3) - NS NS

ST-segment changes 0.8 {0.3-2.1) - NS NS
Scan parameters

Abnormal scan 34 (1.3-11.7 - -

358*

1.23(1.10-1.39)

3.5 (1.1-12.2)

123 {1.10-1.38)

Values are expressed as Cox proportional hazard ratio and 95% confidence interval. In model 1, the presence of
an abnormal scan was entered. In model Ii, the 8SS was included. MI = myocardial infarction; BP= bloed
pressure; RPP = rate pressure product; NS = not statistically significant;*Per 1 unit increment; - indicates

Table 3. Predictors of cardiac events (cardiac death, myocardial infarction, late coronary

revascularization)

Univariate Muitivariate

HR (€ HR (CT) Model I Model I1
Age* 1.02 (1.01-1.04) 1.02 (1.01-1.04) NS 1.02 (1.G0-1.04)
Male gender 1.9(1.3-2.9) 1.9 (1.2-2.8) NS NS
Congestive heart failure 1.5 (0.9-2.4) NS NS NS
Diabetes mellitus 1.5{0.9-2.5) NS NS NS
History of angina 1.3{0.9-1.9) NS NS NS
Hypercholesterolemia 6.9 (0.7-1.3) NS N§ NS
Hypertension 0.9 (0.6-1.3) NS NS NS
Previous Ml 1.6 (1.1-2.3) NS NS NS
Smoking 1.3 (0.9-1.8) NS NS N8

Exercise test results
Peak heart rate
Peak systolic BP
Peak RPP
Typical angina
ST-segment changes
Scan parameters
Abnormal scan
858%

0.98 (0.97-0.99)
0.98 (0.97-0.99)
0.91 (0.86-0.96)
2.0(1.3-2.9)
1.4 (1.0-2.0)

3.1 (2.1-4.6)
1.16 (1.10-1.22)

(.98 (0.97-0.99)
NS

NS

1.6 (1.1-2.4)
NS

33(L1-12.2)

0.9% (0.97-0.99)
NS

NS
NS
NS

1.25 (1.07-1.45)

Format similar to Table 2.
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Discussion

The main finding of this study is that exercise *™Tc-tetrofosmin SPECT myocardial
perfusion imaging provides prognostic information incremental to clinical data and exercise
test results, in the prediction of cardiac events. A normal perfusion scan was associated with a
very low risk for cardiac death (annual cardiac death rate <0.3%). The cardiac death rate was
significantly increased in patients with an abnormal 9T tetrofosmin SPECT study. The
survival curves continued to diverge during the follow-up period, which indicates a sustained
prognostic value of ™ lc-tetcofosmin SPECT over the 4 years of follow up. Multivariate Cox
analysis showed that after adjusting for clinical and exercise stress data, the SPECT results
had significant incremental prognostic value. An abnormal scan and a larger 58S were related
to a significant increase of the risk of cardiac death and all cardiac events.

Comparison to previous studies: To date, information on the prognostic value of
exercise * ™ Tc-tetrofosmin SPECT myocardial perfusion imaging is limited (11,12). Groutars
et al. (11) reported a very favorable outcome in 246 patients with a normal exercise dual-
isotope *' T1**™Te-tetrofosmin test during the follow-up period of 2.1 + 0.3 years. Recently,
Galassi et al. (12) studied 459 patients with exercise * "Te-tetrofosmin SPECT. During
follow-up 25 hard cardiac events (cardiac death and nonfatal infarction) occurred.
Multivariate analysis showed that exercise “"™Tc-tetrofosmin SPECT provided incremental
information over clinical and exercise data for the prediction of hard cardiac events. However,
nuclear data had no incremental value over clinical and exercise information when the
combined endpoint of all cardiac events {cardiac death, infarction, and coronary
revascularization).

Hence, the currently available studies on the prognostic value of exercise * ™Te-
tetrofosmin SPECT have only evaluated patients with a normal scan, or used a combined
study endpoint (11,12). Compared to the previous studies, our study included a large number
of patients, with a nearly complete follow-up, and there was a larger number of cardiac
events. In this setting, exercise * " Te-tetrofosmin SPECT information predicted cardiac death
as a single endpoint, as well as all cardiac events.

Clinical implications: *™Tc-tetrofosmin provides an improved image quality, and has
a much shorter half-life compared to 2171 (4-6). Nevertheless, “™Te-tetrofosmin has a lower
extraction fraction and a less parallel relationship between myocardial blood flow and
myocardial tracer uptake during vasodilator stress compared to *™Tc-sestamibi (19,20). It is
not known whether these findings are reproducible with other forms of stress. Furthermore,
the prognostic implications of these findings are uncertain,

The present study demonstrated that exercise *"“Tc-tetrofosmin imaging provides
important prognostic information in patients with known or suspected coronary artery disease
(1-3,21). *™Te-tetrofosmin effectively identified patients at high and low risk for cardiac
death. Patients with a normal scan have very favorable prognosis, and a cardiac death rate
comnparable to that in the general population {22). Therefore, these patients can be excluded
from further invasive procedures. Conversely, high-risk patients with an abnormal myocardial
perfusion scan, particularly those with a large perfusion abnormality, may benefit from
coronary revascularization. The clinical managemens of these patients should be
individualized and further studies are needed to demonstrate the value of revascularization in
that subset of patients.

Limitations: No atteruation correction or scatter correction was used during WmTe.
tetrofosmin SPECT myocardial perfusion imaging. Application of attenuation and scatter
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correction may have further improved the accuracy of the »™Tc-tetrofosmin myocardial
perfusion images.

Conclusion: Exercise * “Tc-tetrofosmin SPECT myoccardial perfusion imaging

effectively identifies patients at low and high risk of cardiac death. Perfusion variables are

strong predictors of cardiac death and all cardiac events.

¥MT¢ tetrofosmin SPECT data are

incremental to both clinical and exercise stress parameters in the prediction of cardiac events.
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Abstract

Background: Patients with a normal stress 99m-technetium sestamibi study were
shown to have a favorable outcome at intermediate term follow up. However, long-term
survival has not been studied. Aim of this study was to evaluate the incidence and predictors
of mortality and cardiac events at long term follow up after a normal exercise stress sestamibi
study.

Methods and results: We studied 218 patients (age 53 + 10 vears, 108 men) who had
normal myocardial perfusion assessed by 99m-technetium sestamibi SPECT at rest and during
symptom-limited bicycle exercise stress test. End points during a follow up period of 7.4 +
1.8 years were hard cardiac events (cardiac death and non-fatal myocardial infarction) and all
causes of mortality. During follow up, 13 patients died of various causes {cardiac death in one
patient). Ten patients had non-fatal myocardial infarction (a total of 11 hard cardiac events).
By multivariate analysis, independent predictors of cardiac events were history of coronary
artery disease (CAD) (c2 =5, p = 0.03) and lower excrcise heart rate (¢2 = 12, p = 0.001).
Independent predictors of all causes of mortality were age (¢c2 = 4, p = (.05) and exercise
heart rate (¢2 = 5, p = 0.03). The annual mortality rate was 0.6% in the first 5 years and 1.8%
between the sixth and eighth years. The annual hard cardiac event rate was 0.7% in the first 3
years and 1.5% between the sixth and eighth years. ROC curves identified an exercise heart
rate <130/min as the cut off value that separated patients with regards to their risk for
mortality and hard cardiac events.

Conclusion: It is concluded that the annual mortality and cardiac event rate is less
than 1% during 5 year follow up after a normal exercise sestamibi study. Therefore, it is not
required to repeat the test during that period. Follow up should be closer in patients with a
history of CAD and in those who fail to achieve an exercise heart rate 2130/min.
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Intreduction

The managernent of patients with suspected coronary artery disease {CAD) should be
based on proper evaluation of the risk of mortality and cardiac events in an individual patient,
based on clinical data and the results of non-invasive stress testing techniques whenever these
are indicated. Identification of patients at low risk of cardiac events has an important impact
on patients’ management by avoiding the risk and the cost related to further diagnostic and
therapeutic approaches, which are uniikely to improve the outcome in low risk patients (1-3).
Stress 99m-technetium sestamibi SPECT imaging is a useful technique for the diagnosis and
proguostic stratificaticn of patients with known or suspected coronary artery disease (4-23).
Patients with a normal stress sestamibi myocardial perfusion study were reported to have a
low event rate at short and intermediate term follow up (9, 19}, However, the long-term
outcome after a normal study is unknown. The mean duration of follow in previous reports
ranged between 13 and 28 months. Therefore, it is not known whether the low risk warrantee
of a normal study can be maintained at longer-term follow up. Due to the lack of long term
follow up data, it is not known whether patients with 2 normal study may require repeated
testing, and if so what would be the time interval at which the low risk status is no longer
guaranteed in a patient with a previously normal study. Additionaily, data regarding overall
survival after a normal stress sestarnibi study are scarce.

The aim of this study was to evaluate the incidence and predictors of mortality and
cardiac events at long term follow up after a normal exercise stress 99m-technetium sestamibi
SPECT imaging.

Methods

Patient selection: Study population comprised consecutive patients referred for
exercise stress iesting in conjunction with 99m technetium sestamibi SPECT imaging for
gvaluation of suspected CAD} between [988-1993, who had normal myocardial perfusion at
rest and during exercise stress. Exclusion criteria were the presence of significant valvular
heart disease and unstable chest pain. Mean age was 33 = 10 years. Inclusien criteria were
fulfilled in 218 patients (108 men and 110 women). Follow-up data was collected in the vear
2000 and could be completed in all patients, Mean follow up duration in was 7.4 4 1.8
{maximal = 11.7 years}. The minimum follow up duration (in patients without events} was 5.2
years.

Exercise stress test: All patients underwent a symptom limited upright bicycle
ergometry test with stepwise increment of 20 Watts each minute. 3 electrocardiographic leads
were continuously monitored. 12-lead electrocardiogram was recorded at rest and every
minute until the end of recovery phase. The level of ST-segment was calculated by averaging
the signals using a computerised system (Cardiovet, CSG/12, Schiller, Baar, Switzerland}. An
ischemic response was defined as =1-mm horizontal or downsloping ST-segment depression
persisting 80 ms after the J point.

SPECT imaging: Approximately 1 minute before the termination of the exercise
stress test, an iniravenous dose of 370 MBq of 99m-technetium sestamibi was administered.
Stress images were acquired 1 hour after termination of the exercise test. For resting studies,
370 MBq of sestamibi were injected 24 hours after the stress study. Image acquisition was
performed with a Siemens Gammasonics single-head Rota Camera (Orbiter; Siemens Corp.,
Iselin, NI). Thirty-two projections were obtained, from the left posterior oblique to the right
anterior oblique over 180 degrees. For each study six oblique (short axis) slices from the apex
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to the base and three sagittal {vertical long axis) slices from the septum to the lateral wall
were defined. Each of the 6 short axis slices was divided into 8 equal segments. The
interpretation of the scan was semiquantitatively performed by visual analysis assisted by the
circumferential profiles analysis. Images were reviewed side by side by an experienced
observer who was unaware of the patients’ clinical or electrocardiographic data. A reversible
perfusion defect was defined as a perfusion defect on stress images that partially or
completely resolved at rest in 22 contiguous segments or slices. A fixed perfusion defect was
defined as a perfusion defect on stress images in 2 or more contiguous segments or slices,
which persists on rest image. A normal study was defined as absence of perfusion
abnormalities,

Follow-up: Follow-up was obtained by mailed questionnaires and scripted telephone
interviews. Hvents were verified by contacting the patients’ primary physician and reviewing
medical records and death certificates. The end points considered were all causes of mortality
and hard cardiac events defined as nonfatal myocardial infarction and cardiac death. Sudden
death occurring without another explapation was included as cardiac death. Myocardial
infarction was defined according to usual clinical, electrocardiographic and enzymatic
criteria.  Patients who had coronary revascularization (angioplasty or coronary artery bypass
surgery) prior to other events were censored at the time of revascularization.

Statistical analysis: Unless specified, data are presented as mean values + SD. The
Chi square test was used to compare differences between proportions. The Student t test was
used for analysis of continuous data. P value <0.05 was considered statistically significant.
Logistic regression models were used to identify independent predictors of follow up events,
P value <0.05 was considered statistically significant. Parameters included in the multivariate
analysis model were those found to be significant {or of borderline significance, p=0.1) in the
univariate analysis.

Results

Clinical features: Mean age was 53 + 10 years. There were 108 men and 110 women.
Forty-seven patients (22%) had a history of coronary artery disease (previous coronary
angioplasty in 33 patients and previous non-Q myocardial infarction in 14 patients). In the
remaining patients, the pretest probability of CAD based on Diamond and Forrester (24)
classification was low in 57 patients and intermediate or high in 114 patients. Medications at
the day of the test included beta-blockers in 68 (31%) patients, calcium channel blockers in 59
(27%) patients and angiotensin converting enzyme inhibitors in 27 (12%) patients. Chest pain
was the main complaint in 158 (72%) patients. This was classified as atypical in 114 patients
and typical of angina in 44 patients. Risk factors for CAD were diabetes mellitus in 14 (6%),
cigarette smoking in 58 (27%), hypercholesterolemta in 53 (24%) and hypertension in 71
(33%) patients.

Hemodynamic response: There was a significant increase of the heart rate (78 + 153
vs 148 = 24 beats/minute, p<0.0001); systolic blood pressure (137 & 21 vs 188 + 25 mm Hg,
p<0.0001) and rate pressure product (10691 & 2584 vs 28703 + 9964, p<0.00001) from rest to
peak exercise respectively. The target heart rate (85% of the maximal predicted heart rate)
was reached n 161 patients (74%). The mean working capacity was 144 + 42 Watts. Nine
(4%) patients had ST segment depression and 25 (11%) patients had angina induced by
exercise.
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Foltow up: During follow up, 13 patients died of various causes (cardiac death in one
patient), Ten patients lad non-fatal myocardial infarction (a total of 11 hard cardiac events).
Revascularization procedures were performed in 15 patients (5 underwent coronary artery
bypass surgery and 10 underwent coronary angiopiasty). Clinical and exercise stress test
variables associated with hard cardiac events in Cox regression model are presented in table 1.
Univariate predictors were exercise heart rate, ST segment depression, a history of
hypertension and a history of CAD. Variables considered for multivariate analysis were those
found to be significant or had borderline significance in the univariate analysis (p<0.1, tables).
Independent predictors in the multivariate analysis were a history of CAD and lower exercise
heart rate. Predictors of all cause mortality are presented in table 2. Univariate predictors were
older age, history of CAD, lower exercise heart rate, and inability to achieve the target heart
rate. By multivariate analysis, age and exercise heart rate were independent predictors of
mortality. The anaval mertality rate was 0.6% in the first 5 years and 1.8% between the sixth
and eighth vears. The annual hard cardiac event rate was 0.7% in the first 5 years and 1.5%
between the sixth and eighth years.

Table 1. Predictors of hard cardiac events {cardiac death and non-fatal myocardial infarction)
in a Cox regression analysis

$* P Hazard ratic  95% CI
Univariate analysis
Hypertension 5 0.03 38 1.1-13.9
History of CAD 6 0.009 4.6 1.3-15.7
Exercise heart rate 8 0.003 096 0.94-.0.99
ST depression 9 0002 15 1.5-32
Multivariate analysis
History of CAD 5 (.03 4.8 1.2-19.8
Exercise heart rate 12 0.001  0.95 0.92-0.98

CAD = Coronary artery disease

Table 2. Predictors of all causes of mortality in a Cox regression analysis

xz P Hazard ratioc  95% CI
Univariate analysis
Age 14 0.0007 1.13 1.05-1.21
History of CAD 7 0.005 45 1.4-142
Exercise heart rate 16 0.0001 0.96 0.94-0.98
Target HR achieved 6 0.01 4.1 1.2-13
ST depression 2 0.1 4.6 0.6-41
Mulfivariate analysis
Age 4 0.05 1.08 1.00-1.17
Exercise heart rate 5 0.03 0.97 0.95-1.00

CAD = coronary artery disease
HR = heart rate
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ROC curves identified an exercise heart rate <130/min as the cut off value that
separated patients with regards to their risk for mortality and hard cardiac events. Kaplan
Meier survival curves based on ability to achieve an exercise heart rate =130/ minute are

shown in f1

gure 1 (hard cardiac events) and figure 2 (all cause mortality).
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Figure 1. Kaplan Meier event free survival (for the endpoint of cardiac death and non-fatal
myocardial infarction) according fo the ability to achieve an exercise heart rate = 130 beals
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Figure 2. Kaplan Meier survival (for the endpoint of all causes of mortality} according to the
ability to achieve an exercise heart rate 2 130 beats /minute.
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Discussion

In this study we assessed the long-term outcome of 218 patients with suspected CAD
who were followed up for a mean of 7.4 years after a normal exercise stress 99-m technetium
sestamibi study. The annual mortality rate was 0.6% in the first 5 vears and 1.8% between the
sixth and eighth years. The hard cardiac event rate was 0.7% in the first 5 years and 1.5%
between the sixth and eighth years. Therefore, the study demonstrated that the low risk
warrantee of a normal exercise sestamibi study is sustained during the 7 years following the
test with a particularly very low event rate in the first 5 vears. In a multivariate analysis of
clinical and exercise stress test data, independent predictors of mortality were age and
exercise heart rate. Independent predictors of hard cardiac events were history CAD (previous
myocardial infarction or coronary angioplasty) and exercise heart rate. Failure to achieve a
maximal exercise heart rate =130 identified patients with a higher risk of death and hard
cardiac events.

Impairment of heart rate response to exercise has been associated with increased risk
of mortality and incident coronary artery disease. The associated risk was reported to be
persistent after adjustment to the qualitative presence of perfusion abnormalities (25). One
possible explanation of the association between lower heart rate response and events in our
study is the reduced sensitivity of exercise stress myocardial perfusion imaging at a lower
heart rate, reflecting inability to induce myocardial ischemia with exercise. Therefore, patients
who fail to achieve a heart rate 2130 should be subjected to another stress testing preferably
after 2 years, as event free survival curves showed significant diversion {figure 1) after 2
years. Perhaps, a pharmacological stress study may overcome the potential limitation of
reduced sensitivity of exercise myocardial perfusion imaging in patients with lower exercise
heart rate response during an earlier stress study.

There were 11 hard cardiac events among the 218 patients of this study during the
median follow up of 7.4 years. These consisted mainly of none fatal myocardial infarction {10
patients); whereas only one patient had cardiac death. A history of CAD was an independent
predictor of hard events. The occurrence of none fatal myocardial infarction in these patients
does not necessarily indicate failure of the technique to predict a functionally significant
CAD. This may be explained by the fact that the majority of myocardial infarctions occur in
myocardial territories subtended with mildly stenotic coronary arteries, in which the stenosis
may not be of sufficient severity to induce flow heterogeneity at the time of exercise testing.
Arnother explanation is the occurrence of late restenosis after angioplasty in coronary arteries
that had no significant restenosis at the time of the stress study.

Comparison with previeus studies: Previous studies have reported a low cardiac
event rate at short and intermediate term follow up after exercise or pharmacologic stress
myocardial perfusion imaging. To our knowledge, this study provided the longest-term follow
up after stress sestamibi study, with a mean follow up of 7.4 years as compared to the mean
follow up in previous studies which ranged between 13 and 28 months. Stratmann et al (7)
found that the annualized rate of nonfatal myocardial infarction or cardiac death in 521
patients after exercise MIBI SPECT was 0.5% with a normal, and 7% with an abnormal
study. Brown et al (9) reported a (.5% annual event rate in 234 patients with normal exercise
or dipyridamole planar MIBI imaging followed up for 10 + 2 months. In another study of 207
patients with normal exercise planar or SPECT MIBI studies, none died during a foliow-up
period of 13.5 £+ 2 months, while | patient (0.5%}) had a nonfatal myocardial infarction (8).
Berman et al (6) used a dual-isotope imaging in 1,702 patients with known or suspected CAD.
Only 2 of 1,131 patients with normal or equivocal studies (0.1%) had a nonfatal myocardial
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infarction or cardiac death during a follow-up of 20 = 5 months, compared with 43 of 571
patients with an abnormal study (8%). In 2,200 patients without documented CAD followed
up after exercise testing with dual-isotope SPECT (5), Hachamovitch et al reported an event
rate of 0.3% in 1,623 patients with normal SPECT studies.

In 412 patients with intermediate pretest probability of CAD followed up for 17 & 13
months, Nallamouthu et al {13) reported only one event in 295 patients with normal studies
(0.3%; p < 0.0001). Travin et at (21) studied 1,226 men and 1,151 women who underwent
MIBI SPECT with either exercise or dipyridamole testing, a normal rest-stress MIBI study
was associated with an annual rate of cardiac death or nonfatal myocardial infarction of 1.7%
in men and 0.8% in women.

Studies that evaluated the prognostic value of pharmacological stress sestamibi
SPECT have reported a low risk of cardiac events in patients with a normal study. However,
event rate tended to be higher after a normal pharmacologic as compared to exercise stress
studies, reflecting the higher risk status of a population unable to perform an exercise stress
test (26).

Evaluation of all cause of mortality. Recently, the evaluation of all causes of mortality
as a separate follow up endpoint in patients with known or suspected CAD has gained an
increasing interest. This is due to the difficulties encountered in determining the actual cause
of death m some patients (27) and the fact that CAD is associated with other conditions which
are independently associated with increased risk of death such as diabetes mellitus,
hypertension, smoking and peripheral vascular disease. This is the first study that evaluates
long-term mortality rate after stress sestamibi studies. We found that patients with normal
sestamibi studies have a very low annual mortality rate during a mean of 7.4 years of foliow

up.

Limitations: Although this study reports the longest term follow up after a sestamibi
study, the number of patients was relatively low as well as the number of events. Further
studies from other centers are needed to confirm these findings.

Summary and clinical implications: The optimal use of stress imaging techniques in
the risk stratification of patients with known or suspected CAD requires adequate knowledge
of the outcome of patients relative to the results obtained by these techniques. Although it is
well established that a normal stress sestamibi study identifies patients at low risk of cardiac
events at intermediate term follow up, it is not known whether the physician can rely upon
these results in predicting longer term outcome. Performing the test at regular intervals in
individuals with a normal study may not be cost effective. On the other hand deferring these
individuals from future non-invasive testing may result in failure to predict events at longer
term foilow up. This study showed that the annual mortality and cardiac event rate is less than
1% during 5 year follow up after a normal exercise sestamibi study and therefore, it is not
required to repeat the test during that period, particularly in those patients who have no
histery of CAD and who were able to achieve an exercise heart rate 2130/min. Follow up
should be closer in patients with a history of CAD and in those who fail to achieve an exercise
heart rate 2130/min.
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Abstract

Rationale: The aim of this study was to assess the prognostic significance of
reversible perfusion abnormalities in patients without angina during dobutamine stress 99m-
technetium sestamibi SPECT.

Method: The study comprised 224 patienis (age = 60 + 11 year, 144 men) with
completely or partially reversible perfusion abnormality during dobutamine stress sestamibi
SPECT. Follow up end points were hard cardiac events (cardiac death and non-fatal
myocardial infarction).

Results: Angina occurred in 93 (42%) patients during dobutamine stress test
(symptomatic ischemia group). The 131 patients without angina represented the silent
ischemia group. There was no significant difference between patients with and without angina
with regards to summed stress perfusion score (5.3 + 2.5 vs 5.2 + 2.2, p = 0.9}, or summed
ischemic score (3.1 + 1.7 vs 3.2 & 1.4, p = {1.7). During a median follow up of 7.2 years,
cardiac death occurred in 14 (15%) patients with and in 21 (16%) patients without angina.
Non-fatal myocardial infarction occurred in & (9%} patients with and in 13 (10%) patients
without angina. In a multivariate analysis model of clinical and perfusion data, independent
predictors of cardiac events were age (hazard ratio = 1.02, CI 1.01-1.05 per year increment),
diabetes mellitus (HR = 1.9, CI 1.2-3.4) and ischemic perfusion score (HR 2.1, CI 1.3-3.8).

Conclusion: Patients with silent ischemia defined as reversible perfusion
abnormalities without associated angina during dobutamine stress sestamibi SPECT imaging
have similar extent of ischemia and similar cardiac event rate compared to patients with
symptomatic ischemia. Therefore, the absence of angina in association with reversible
perfusion abnormalities should not be interpreted as a sign of more benign prognosis.
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Introduction

Dobutamine stress 99m technetium sestamibi SPECT myocardial perfusion imaging is
a sensitive technique for eliciting myocardial ischemia in patients with coronary artery disease
(CAD) (1). The technique was additionally shown to provide incremental data for risk
stratification in patients with known or suspected CAD (2,3). Reversible perfusion
abnormalities are the wholemark of myocardial ischemia in patients undergoing stress
myocardial perfusion imaging (4). In many patients with CAD, reversible perfusion
abnormalities may occur during stress without symptoms (5-17). It is not known whether the
absence of angina in patients with reversible perfusion abnormalities during dobutamine stress
test implies a better outcome as compared to patients with symptomatic ischemia. There is a
controversy in the literature regarding the extent of ischemic burden in silent versus
symptomatic ischemia during exercise or dipyridamole stress myocardial perfusion imaging
" with some reports indicating similar extent (8,12) and others indicating less severe ischemia
in patients without angina (5,6,17). However, data regarding the prognosis of silent versus
symptomatic ischemia during stress myocardial perfusion imaging are scarce. Furthermore,
the prognostic significance of silent ischemia on dobutamine perfusion imaging has not been
previously investigated. The aim of this study is to compare the outcome of patients with
reversible perfusion abnormalities on dobutamine stress 99m-technetium sestamibi SPECT in
the presence and in absence of angina during the test.

Methods

Study population: The study included 224 consecutive patients with limited exercise
capacity referred for dobutamine-atropine stress 99mTe-sestamibi SPECT imaging for the
evaluation of suspected or known CAD, between 1990 and 1993 in our imstitute, who
demonstrated completely or partially reversible perfusion abnormalities. All patients gave
informed consent before testing. The medical ethics commission approved the protocol of the
study. A structured interview and clinical history were obtained, including assessment of
cardiac risk factors, and the symptoms prior to the dobutamine stress test.

Dobutamine stress protocol: Dobutamine-atropine stress test was performed as
described previously (16). Dobutamine was injected intravenocusly, first at a dose of 10
mg/kg/min for 3 minutes, increasing by 10 mg/kg/min every 3 minutes up to a maximum dose
of 40 mg/kg/min. Test end-points were: achievement of target heart rate (85% of maximum
age and gender predicted heart rate), horizontal or downsloping ST-segment depression >2
mm at an interval of 80 ms after the J-point compared with baseline, ST-segment elevation >1
mum in patients without previous myocardial infarction, severe angina, systolic blood pressure
fall >40 mm Hg, blood pressure >240/120 mm Hg, or significant cardiac arrhythmia. If the
test end-point was not reached at a dobutamine dose of 40 mg/kg/min, atropine (up to 1 mg)
was given intravenously. Blood pressure, heart rate, and electrocardiography were
continuously monitored. Metoprolol was available to reverse the side effects of
dobutamine/atropine if these did not revert spontancously after termination of dobutamine
infusion.

SPECT acquisition and interpretation: An intravenous dose of 370 MBq of 93mTc-
sestamibi was administered approximately 1 minute prior to the termination of the stress test.
For resting studies 370 MRBq of sestamibi were injected at least 24 hours after the stress study,
Image acquisition was performed with a Siemens Gammasonics single-head Roter camera
(Orbiter, Siemens, Iselin, New Jersey). For each study 6 oblique (short axis) slices from the
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apex to the base, and 3 sagittal (vertical long axis) slices were defined. Each of the 6 short
axis slices was divided into 8 equal segments. The septal part of the 2 basal slices was
excluded from analysis because this region corresponds to the fibrous portion of the
interventricular septum and normally exhibits reduced uptake. Therefore, a total of 47
segments were identified (3 long axis and 44 short axis). The interpretation of the scan was
semiquantitatively performed by visual analysis assisted by the circumferential profile
analysis. Stress and rest tomographic views were reviewed side-by-side by two experienced
observers who were unaware of the patients' clinical data. In case of disagreement a majority
decision was achieved by a third observer. A reversible perfusion defect was defined as a
perfusion defect on stress images that partially or completely resolved at rest in 22 contiguous
segments or slices in the 47-segment model. A fixed perfusion defect was defined as a
perfusion defect on stress images in 2 or more contiguous segments or slices, which persists
on rest images in the 47-segment model. By inclusion criteria, only patients with partially or
completely reversible perfusion abnonmalities were enrolled. To assess the severity of
perfusion abnormalities, the left ventricular myocardium was divided into 6 segments:
anterior, inferior, septal anterior, septal posterior, posterolateral and apical. Each of the 6
major left ventricular segments was scored using a 4-point scoring system (0 + ponmal, 1 =
slightly reduced, 2 = moderately reduced, 3 = severely reduced or absent uptake), Perfusion
defect score was derived by the summation of the score of the 6-myocardial segments at stress
(SS8) and at rest (SRS). The difference between stress and rest scores was considered
representative of the severity of myocardial ischernia (SDS).

Follow-up: The follow-up data were collected by contacting the patient’s general
practitioner and/or by review of hospital records. The date of the last examination or
consultation was used to determine follow-up time. The mean follow-up period was 7.4 = 3
years. End points were all cause mortality, cardiac death, and nonfatal myocardial infarction.
Myocardial revascularization procedures were classified as early (<60 days), and late (>60
days) after the stress study. Patients who underwent early revascularization wers censored at
the time of revascularization. Cardiac death was defined as a death caused by acute
myocardial infarction, significant cardiac arrhythmias, or congestive heart failure. Sudden
death occurring without another explanation was included as cardiac death. Nonfatal
myocardial infarction was defined by standard criteria of chest pain, cardiac enzyme levels
and ECG-changes. Hard cardiac events were defined as cardiac death and non-fatal
myocardial infarction,

Statistical analysis: Values were expressed as mean value +8D or number, and
compared using the Student t test or Chi-square test. Univariate and multivariate Cox
proportional hazard regression models (BMDP statistical software) were used to identify
independent predictors of hard cardiac events among clinical stress test and perfusion data.
Variables were selected in a stepwise forward selection manner with entry and retention set at
a significance level of 0.05. The risk of a variable was expressed as a hazard ratio with a
corresponding 95% confidence interval. The probability of survival was calculated using the
Kaplan-Meijer method, and survival curves were compared in patients with and without
angina during dobutamine stress test using the log-rank test. P value <0.05 was considered
statistically significant.
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Results

Clinical characteristics and hemodynamic data: There were 144 men and 80
women. Mean age was 60 + 12 years. A history of previous myocardial infarction was
obtained in 113 (50%) patients. Ninety-two (41%) patients had typical anginal complaints
before the test. There was a significant increase of heart rate (68 + 13 to 133 & 17 bpm,
P<0.0001), and systolic blood pressure (139 & 22 to 148 £ 24 mm Hg, P<0.01) from rest to
peak dobutamine-atropine stress test respectively. No patient experienced a myocardial
infarction or ventricular fibrillation during the test. Ninety-three (42%) patients had angina
during dobutamine stress test. The remaining 131 patients were considered to have silent
ischeria. Side effects were atrial fibrillation in 2 patients (1%), short ventricular tachycardia
(<10 complexes) in @ patients (5%), and symptomatic hypertension in 2 (1%} patients. Minor
side effects were nausea in 13 (6%), chills in 13 (6%), and headache in 15 (7%) patients. The
test was terminated due to achievement of the target heart rate in 166 patients (74%), angina
in 30 (13%), maximal dobutamine and atropine dose in 17 (8%), ST segment changes in 4
(2%), arrhiythimias in 5 (2%) and hypotension in 2 (1%) patients.

Table 1. Clinical characteristics in patients with and without angina during dobutamine stress
myocardial perfusion imaging

Angina during dobutamine stress

Yes No P value

N=93 N=131
Age 60 £10 60 £12 0.9
Men 66 (71%) 78 (60%) 0.5
History of myocardial infarction 53 (57%;) 60 (46%) 0.6
Diabetes Mellitus 15 (16%) 20 (15%) 0.9
Hypertension 48 (52%) 51(39%) 0.8
Hypercholesterclemia 25 (27%) 36 (27%) 0.9
Smoking 20 (22%) 39 (30%) 0.7
History of angina 47 {51%) 3527%) 0.01
Atypical chest pain 38 (41%) 51 (45%)
ACE inhibitors 27 (29%) 33 (25%) 0.8
Beta blockers 40 (43%) 48 (37%) 0.7
Calcium channe! blockers 42 (45%) 47 (36%) 0.5

ACE = angiotensin converting enzyme

Clinical characteristics of patients with and those without angina during dobutamine
stress test are presented in table 1. Dobutamine stress data are presented in table 2. No
significant difference was detected between the 2 groups with regards to age, gender,
prevalence of previous myocardial infarction, risk factors for CAD, dobutamine systolic blood
pressure, dobutamine dose and frequency of administration of atropine. Patients with angina
during dobutamine stress more often had a history of angina prior to the test and had
significantly lower stress heart rate compared to patients without angina.
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SPECT results: Table 2 demonstrates perfusion parameters in patients with and
without angina during dobutamine stress. No significant difference was found between the 2
groups regarding 585, SRS, and SDS.

Table 2. Dobutamine stress test and perfusion data in patients with and without angina during
the test

Angina during dobutamine stress

Yes No P value

N =93 N=131
Stress heart rate 127+ 18 137 +17 0.0001
Stress systolic blood pressure 141 +£22 138+ 17 0.3
Dobutamine dose 376 6 3854 0.9
Atropine use 39 (42%) 63 (48%) 0.8
ST-segment depression 32 (34%) 35 (27%) 0.7
Abnormal resting perfusion 60 (65%) 73 (56%) 0.5
Summed rest score 22 +1.35 2 +15 0.4
Summed stress score 53425 52+22 0.9
Summed difference score 3.1+1.7 32+14 0.5

Foliow up data: During follow-up, 78 (35%) deaths occurred of which 35 (45%) were
due to cardiac causes. Nonfatal myocardial infarction occurred in 21 (9%) patients. A total of
53 patients (24%) underwent revascularization, which was early (<60 days) in 11 patents and
late (60 days) in 42 patients. Patients with angina during dobutamine stress had a higher
incidence of unsiable angina during follow up. Survival curves in patients with and without
angina during dobutamine stress test are presented in figure 1. No significant difference was

found regarding incidence of mortality and cardiac events during the follow up in the 2 groups
(table 3).

Table 3. Follow up events in patients with and without angina during dobutamine stress
myocardial perfusion imaging

Angina during dobutamine stress

Yes No P value
N=93 N =131
Death 35 (38%) 43 (33%) 0.7
Cardiac death 14 {15%) 21 (16%) 0.9
Non-fatal MI 8 (9%) 13 (10%) 0.9
Unstable angina 23 (25%) 14 (11%) 0.01
Early revascularization 6 (6%) 5 (4%) 0.5
Late revascularization 18 (19%) 24 (18%) 0.9
PCI 8 {9%) 11(8%)
CABG 10 {11%) 13 (10%)

Pl = percutaneous intervention; CABG = coronary artery bypass grafting
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ST-segment depression: ST segment depression occurred in 66 patients during stress.
No significant difference was found between patients with and without ST-segment
depression with regards to summed stress score 5 + 2.1 vs 5.3 4+ 2.4 (p = 0.4), summed rest

score 2+ 1.6 vs 2.1 £ 1.9 (p = 0.8) and summed difference score 3.1 £ 1.7vs 32+ 1.7 (p =
0.7).
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Tigure 1, Event free survival curves in patients with veversible perfusion abrormalities on
dobutamine sestamibi SPECT in the presence and in the absence of anging during the
dobutamine stress test. End points are A) all cause mortality, B) hard cardiac events (cardiac
death and non-fatal myocardial infarction): C) all cardiac events (hard cardiac events and
revascularization).
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Predictors of cardiac evemts: In a multivarate analysis model of clinical and
perfusion data, independent predictors of cardiac events were age (hazard ratio = 1.02, Cl
1.01-1.05 per year increment), diabetes mellitus (HR = 1.9, CI 1.2-3.4) and ischemic
perfusion score (HR 2.1, CI 1.3-3.8).

Discussion

Identification of stress test variables associated with adverse cardiovascular outcome is
important in clinical decision-making (4). In this study, we assessed the outcome of patients
with reversible perfusion abnormalities in the absence of angina during dobutamine stress
99m sestamibi SPECT, as compared to patients who experienced angina during the test
Among 224 patients with reversible abnormalities, 93 (42%) patients had angina. There was
no significant difference between patients with and without angina with regards to extent and
severity of reversible or fixed perfusion abnormalities. Patients with angina during
dobutamine stress were more likely to have a history of angina prior to the stress test and had
a lower peak stress heart rate, which may be explained by earlier termination of the test due to
angina. During a median follow up period of 7.4 years, there was no difference between
patients with and without angina during dobutamine stress with regards to cumulative total
mortality (38% vs 33%), cardiac death and non-fatal myocardial infarction (24% vs 26%)
rates, and the composite endpoint of all cardiac events (cardiac death, myocardial infarction
and late revascularization) (43% vs 44%). The incidence of unstable angina during follow up
was higher in patients with apngina during dobutamine stress test (25% vs 11%). In a
multivariate analysis model, independent predictors of cardiac events were age, diabetes
mellitus and ischemic perfusion defect score, while angina was not predictive. The incidence
of ST segment depression was similar in patients with and without angina during stress. The
extent of perfusion abnormalities was not different in patients with and without ST-segment
depression.

Comparison with previous studies: Although many previous studies have assessed
the extent of ischemia in presence and in absence of angina duning stress myocardial
perfusion imaging, prognostic studies are scarce, particularly with 99m technetium labeled
agents. Additionally, our study provided the longest term follow up as well as the largest
numnber of hard cardiac events during follow up, when compared to previous reports (11,13).
Some investigators have reported a greater extent and severity of ischemia in symptomatic
patients than in those with silent ischemia. Travin et al (6) reported that patients with
exercise-induced thallium redistribution without angina had [ess ischemia than patients with
angina. Klein et al {5) reported that the induction of chest pain is associated with more
extensive thallium perfision abnormalities when analyzed in a broad-spectrum population
with CAD. The analysis of chest pain tended to lose its value when it was restricted to a CAD
population with a greater prior likelihood of inducible ischemia. Marcassa et al (17) studied
300 patients with ischemic heart disease and reversible hypoperfusion on exercise sestamibi
torography. Patients with pamful ischemia had more reversible hypoperfusion, and higher
incidence of ST segment depression than did patients with silent ischemia. Tn contrast,
numerous studies have failed to find a difference in the amount of ischemic myocardium
between patients with silent and symptomatic ischemia during exercise or pharmacologic
stress testing. Mahmarian et al (12) studied 356 low rigk patients with treadmill exercise
thallium-201 SPECT. There were no differences in the extent, severity of reversible perfusien
abnormalities, or distribution of coronary stenoses In pafients with silent or symptomatic
ischemia. Gasperetti et al (8) studied 103 consecutive patients undergoing symptom-limited
exercise thallium-201 scintigraphy. Fifty-nine patients (57%) had no angina on exercise
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testing. There was no difference between the two groups with respsct to extent of reversible
perfusion abnormalities or extent of angiographic CAD. We have recently shown that in 85
patients with CAD and reversible perfusion abnormalities on dobutamine sestamibi SPECT,
the extent of reversible abnormalities was similar in patients with and without angina.

Some previcus studies suggested a common pathway for both the electrical and
painful response to ischemic stimulus (7). In contrast with previous studies on exercise stress
test which reported a higher prevalence of ST-segment depression with symptomatic
ischemia (6-8), the prevalence of ST segment depression was not different in patients with
and without angina in this study. This may be explained by the lower sensitivity of the
electrocardiogram with dobutamine as compared with exercise siress. In this study, only 29%
of patients with ischemia on SPECT demonstrated ST segment depression. This low
sensitivity of dobutamine ECG was attributed to lower rate pressure product achieved by
dobutamine as compared to exercise stress test (1)

Prognestic studies: The presence of silent ischemia on exercise thallium imaging was
shown to be associated with adverse prognosis in asymptomatic population (14,15). Travin et
al (6) stadied 134 patients with redistribution on a thallium-201 exercise test who did not
experience angina and 134 patients also having redistribution who had angina during the test.
Patients without angina had less ischemic thallium-201 images and were less likely to
undergo early revascularization, but the occurrence of adverse cardiac events was similar
(21% wvs 29%). Heller et al. (13) reported follow up events in 146 patients with reversible
perfusion defects on 201- thallium scang (82 patients with and 74 patients without angina).
There was no difference between both groups with regards to mortality and cardiac event rate
during a mean follow up period of mean 5.2 years. Pancholy et al. (11} studied 521 patients
with coronary artery disease. Sympiomatic ischemia (ST depression or reversible defects) was
detected in 210 patients, whereas 311 patients had silent ischemia. During a mean follow-up
of 24 months, there were 30 cardiac events. There was no significant difference in the event-
free survival in patients with symptomatic or silent ischemia.

Study Hmitations: Most patients were receiving anti-anginal medication, which may
have decreased the prevalence of angina or ST-segment depression and influenced the extent
and severity of ischemia. Nevertheless, the percentage of patients with or without angina who
received medication was not different, and the effect of medications in both groups can be
expected to be similar.

Clinical implicatiens: The outcome of patients after a positive dobutamine stress
sestamibi study is predicted by the extent of reversible hypoperfusion, but not by symptoms of
angina during the fest. Patients with silent ischemia defined as reversible perfusion
abnormalities without associated angina during dobutamine stress sestamibi SPECT imaging
have similar mortality and hard cardiac event rate compared to patients with symptomatic
ischemia, but are less likely to have unstable angina during follow up. Therefore, the absence
of angina in association with perfusion abnormalities should not be interpreted as a sign of
more benign prognosis.
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Abstract

Background: Left ventricular (LV) dysfunction is correlated with elevated natrivretic
peptides, however the presence of myocardial contractile reserve may inversely influence
natriuretic peptide levels in patients with reduced LV function.

Methods: Plasma atrial natriuretic peptide (ANP) and brain natriuretic peptide (BNP)
were determined in 66 consecutive patients referred to dobutamine stress echocardiography
for the evaluation of myocardial viability, ANP and BNP were measured using
immunoradiometric assays. Left ventricular ejection fraction (LVEF) was assessed by
echocardiography at rest. Echocardiograms were analyzed using a 16-segment 5-point model.
Contractile reserve was defined as an improvernent of segmental wall motion score by =1
grade following infusion of low-dose dobutamine (10 pg/kg/min) in 22 severely dyssynergic
segments.

Results: ANP and BNP plasma concentrations were higher in patients with a
LVEF<35% compared to patients with a LVEF>35% (ANP: 11.1 + 9.7 versus 34.4 £+ 37.0,
p<0.0005, BNP: 62.4 + 79.0 versus 11.6 + 14.0 pmol/L, p<0.0005, respectively). The
presence of contractile reserve influenced the ANP and BNP levels in patients with wall
motion abnormalities. Patients with a preserved myocardial contractile reserve had lower
ANP and BNP levels than patients without contractile reserve (ANP: 15.7 £ 8.0 versus 44 8
41.9, p<0.05, BNP: 179 = 12.0 wversus 783 * 894 pmol/L, p<0.05, respectively).
Cardiovascular medical therapy, including beta-blockers and ACE-inhibitors, was comparable
between the patient groups.

Conclusions: Plasma natriuretic peptide levels are elevated in patients with LV
dysfunction. However, in the presence of preserved myocardial contractile reserve, relatively
low ANP and BNP levels are present.
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Introduction

Ischemic left ventricular (LV) dysfunction is the principal cause of congestive heart
failure, which is associated with a poor prognosis (1-3). The management of these patients is
challenging, whereas the prevalence of congestive heart failure is increasing over the last
decade (2). Substantial reductions of morbidity and mortality can be achieved with medical
therapy, additionally coronary revascularization may improve outcome in patients with severe
ischemic L'V dysfunction with a preserved myocardial contractile reserve (4-6).

Recently, atrial natriuretic peptide (ANP) and brain natriuretic peptide (BNP) have
been preposed for the detection and management of patients with LV dysfunction (7-11).
ANP is a cardiac hormone that is synthesized and secreted primarily in atrium, whereas BNP
is produced in the ventricles in response to changes in wall streich. Plasma natriuretic peptide
concentrations may be elevated in patients with LV dysfunction, and elevated ANP and BNP
levels are related to an adverse outcome (7-11). Previous studies demonstrated that a
preserved myccardial contractile reserve is related to a favorable outcome in patients with LV
dysfunction. Currently, the relation between the presence of myocardial contractile reserve
and plasma natriuretic peptides is not clear. In this study, we investigated the effect of
myocardial contractile reserve on plasma ANP and BNP levels in patients referred to
dobutamine stress echocardiography with a varying degree of heart failure.

Methods

Patient population, study protocol: The study population consisted of 66
consecutive patients referred to dobutamine stress echocardiography for the evaluation of
known or suspected coronary artery disease. Patients with primary cardiomyopathy,
concomitant significant valvular disease, or left ventricular hypertrophy were not included.
Plasma ANP and BNP concentrations were determined using immunoradiometric assays. All
patients underwent resting echocardiography to assess the LV ejection fraction (LVEF) and to
identify dysfunctional myocardial tissue. Left ventricular myocardial contractile reserve was
assessed during low-dose dobutamine stress echocardiography. The local medical ethics
committee approved the study protocol and all patients gave informed consent.

Cardiac peptide measurements: Before stress echocardiography a bleod sample was
drawn from a peripheral vein, after the patient had rested for at least 30 minutes in a supine
position, The blood sample was drawn into a pre-chilled tube containing edetic acid (EDTA,
1.9 mg/ml) and the protease inhibitor aprotonin (Trasylel, 100 kIU/ml) to prevent breakdown
of the cardiac peptides. The sample was placed on ice and promptly centrifuged at 3000 rpm
(4°C) for 10 minutes. The plasma was separated and stored at -80°C. Plasma concentrations
of ANP and BNP were determined using standard commercially available immunoradiometric
assay kits (Shionoria ANP and BNP kits, Shionogi, Osaka, Japan).

Echocardiography: A commercially available imaging system (Hewleit Packard
Sonos 5300, Andover, Mass.} and a 1.8 MHz transducer using second harmonic imaging to
optimize endocardial border visualization were used. Two-dimensional imaging was
performed with the patient in the left lateral position; standard views were recorded on optical
disk {cine loops).

After the venous blood samples were drawn, dobutamine stress echocardiography was
performed to assess the contractile reserve in dysfunctional myocardium. Following the
resting echocardiographic study, dobutamine was administered intravenously, starting at a
dose of 5 pg/kg body weight per minute for 5 minutes, followed by a 10 pg/kg/min dose for 5
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minutes (low-dose). Incremental doses of 10 pg/kg/min dobutamine were given at 3-minute
intervals up to a dose of 40 ug/kg/min, and atropine was added if target heart rate was not
achieved.

Global LV function, assessment of LVEF: The LVEF was determined off-line by
the 2-dimensional biplane disk method. using the modified Simpson's rule (13} The
endocardial borders of the 2« and 4-chamber apical views were digitally traced at end-diastole
and end-systole. Subsequently, the LV end-diastolic and end-systolic volumes ejection
fraction were measured and the LVEF was calculated. A LVEF <35% was considered
abnormal.

Regional LV function, segmental analysis: Two experienced observers, unaware of
the clinical data, scored the digitized echocardiograms offline. In case of disagreement, a
majority decision was achieved by a third observer. The left ventricle was divided into 16
segments according to the American Society of Echocardiography {12). Regional wall motion
and systolic wall thickening were scored using a 5-point grading scale: I=normal, 2=mildly
hypokinetic, 3=severely hypokinetic, 4=akinetic, S5=dyskinetic. Segments with severe
hypokinesia, akinesia or dyskinesia were considered abnormal. The wall motion score index
{WMSI) was calculated as the sum of the segmental scores divided by the number of analyzed
segments. Contractile reserve was defined as an improvement of segmental wall motion score
by 21 grade following infusion of low-dose dobutamine (10 pg/kg/min) in 22 severely
dyssynergic segments. Ischemia was defined as new or worsened wall motion abnormalities
during high-dose dobutamine stress indicated by a deterioration of segmentaj wall motion
score by 21 grade.

Statistical analysis: Values are expressed as mean = SD, when appropriate,
percentages are rounded. Continuous variables were compared using the Student t-test for
unpaired samples. Differences between proportions were compared using the Chi-square test.
A value of p<0.05 was considered statistically significant.

Results

Patient characteristics: The clinical characteristics of the 66 patients are presented in
Table 1. A total of 44 patients were in New York Heart Association (NYHA) functional class
/11, 22 in class {[¥/1V.

(Global functien, LVEF: The LVEF at rest was on average 47£15%, 21 patients had a
LVEF<35%. Dobutamine-stress echocardiography was performed in all patients without side
effects. The hemodynamic changes in response to low-dose dobutamine infusion are
presented in Table 2.

Wall motion analysis: Segmental wall motion abnormalities were present in 27
patients. Of these patients, 13 patients had a preserved myocardial contractile reserve, the
remaining 14 patients had no contractile reserve. The clinical characteristics were comparable
in patients with and in patients without contractile reserve (see Table 3). Patients with a
preserved contractile reserve less often had a history of myocardial infarction compared with
patients without contractile reserve,
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Table 1. Baseline characteristics

Men / Women
Age (years)
NYHA functional class
LVEF (%)
Ischemia
Diabetes mellitus
Hypercholesterolemia
Smoking
History
Myocardial infarction
Coronary angioplasty
Coronary bypass surgery
Medical therapy
Beta-blockers
Calcium channel blockers
Nitrates
ACE-inhibitors
Diuretics
Digoxin
Aspirin
Cholesterol lowering drugs

41(62)725 (38)
63413

1.8+ 1.0
47+15

18 (27)

203)

20 (30)

8 (12)

19 (29)
3(5)
10 (15)

20 (30)
10 (15)
8 (12)
13 (20}
8(12)
5 (8}
26 (39)
20 (30)

Data are presented as number (%).
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ANP pmolil.
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LVEF>35%

p < 0.0005

344

LVEF<35%

Figure 1. Plasma ANP concentrations in patients with a LVEF >35 % and in patients with a

LVEF £35%.

159



Table 2. Hemodynamic data during dobutamine infusion

Baseline 5 pg/kg/min 10 pg/kg/min
Heart rate (bpm) 74£15 81 +£22% 90 £ 26*% ¥
Systolic BP {mmHg) 131 422 132 £25 13123
Diastolic BP (mumHg) 7612 75+13 72+ 11%*
Rate pressure product 9595 + 2446 10554 = 3039 11693 + 3862 1

Data presented are mean value £ SD. * p<0.05 versus baseline. T p<0.03 versus 5 ig/kg/min
dobutamine infusion stage. BP = blood pressure.

Natriuretic peptide concentrations versus LVEF: The plasma levels of each
natriuretic peptide were significantly elevated in patients with an abnormal LV function.
Figure 1 demonstrates that the plasma ANP concentrations were significantly higher in the
patients with a LVEF<35% compared to patients with a LVEF>33% (34.4 £ 37.0 versus 11.1
+ 9.7 versus, p<<0.0005). In line with this, plasma BNP concentrations were higher in patients
with a LVEF£35% than in those with an LVEF>35% (62.4 £ 79.0 versus 11.6 £ 14.0 pmol/L,
p<0.00085, see Figure 2).

100 1

p < 0.0005
75+ 62.4

BNP pmol/L

LYEF>35% LYEF<35%

Figure 2. Plasma BNP concentrations in patients with a LVEF >35 % and in patients with a
LVEF £35%.
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Natriuretic peptide cencentrations versus centractile reserve: The presence of
contractile reserve influenced the natriuretic peptide concentrations in patients with wall
motion abnormalities. The patients with a preserved myocardial contractile reserve had a
lower ANP concentration than the patients without contractile reserve (15.7 £ 8.0 versus 44.8
* 41.9, p<0.05, see Figure 3). Also, plasma BNP levels were lower in patients with a
preserved myocardial contractile reserve than in patients without contractile reserve {17.9 +
12.0 versus 78.3 + 89.4 pmol/L, p<0.05, respectively, Figure 4).

50 1 44.8
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Figure 3. Plasma ANP concentrations in patients with wall motion abnormalities with and
without a preserved left ventricular myocardial contractile reserve.
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Figure 4. Plasma BNP concentrations in patients with wall motion abrormalities with and
without a preserved left ventricular myocardial contractile reserve.
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Discussion

Previous studies have demonstrated that plasma natriuretic peptide concentrations are
elevated in patients congestive heart failure (7-11). Although the number of patient with
congestive heart failure due to ischemic heart disease is increasing rapidly (2), there are no
data available on the relation between myocardial contractile reserve and plasma natriuretic
peptide concentrations. In this study, ANP and BNP levels were determined in a patient
cohort with known or suspected coronary artery disease and a varying degree of heart failure.
The main finding from the present study is that the presence of myocardial contractile reserve
during low-dose dobutamine stress echocardiography influences plasma levels of both
natrjuretic peptides in patients with an impaired LV function. Plasma ANP and BNP levels
were markedly elevated in patients without contractile reserve, compared to patients with a
preserved contractile reserve. Cardiovascular medical therapy, including beta-blockers and
ACE inhibitors, was comparable between the patient groups.

Pathophysiolopical role of ANP and BNP: The natriuretic peptides have a major role
in the protection of the heart from volume overload (i4). The cardiac hormones ANP and
BNP are produced in the atria and ventricles, respectively, in response to an increase in wall
stretch, or pressure. Elevated plasma ANP and BNP concentrations have a natriuretic and
diuretic effect. In addition, high plasma BNP levels cause a fluid-shift from the capillary bed
to the interstitium, decreasing preload and blood pressure. Hence, ANP and BNP are
functional counterparts of the renin-angiotensin aldosterone system. Therefore there may be a
future for these natriuretic peptides in screening and guiding management in patients with LV
dysfunction. In the present study, the ANP and BNP plasma concentrations were significantly
efevated in the patients with LV dysfunction, whereas the patients with a normal function had
normal natriuretic peptide levels. These findings indicate that an increased wall tension or
stretch in abnormally contracting myocardial tissue may lead to elevated plasma natriuretic
peptide levels, and confirm the “volume overload” hypothesis for the production and secretion
of these peptides. This is in line with the study of Sumida et al. (15) showing that the
secretion of natriurctic peptides increases in proportion to the severity of LV dysfunction, and
is elevated in infarct regions.

Contractile reserve in patients with LV dysfunction: Since the introduction of the
concepts of myocardial viability, hibernation, and stunning, it has become clear that ischemic
LV dysfunction is not an irreversible process (16,17). In more than 50% of the patients with
ischemic cardiomyopathy and heart failure, a clinically significant amount of wviable
myocardium is present and coronary revascularization may be considered (18). The
evaluation of myocardial contractile reserve may have important clinical implications in
patients with ischemic LV dysfunction. Recently, Chaudry et al. (19) evaluated contractile
reserve during low-dose dobutamine stress echocardiography in 80 patients with ischemic LV
dysfunction. Contractile reserve was a significant predictor of survival in these patients.
Moreover, the presence of contractile reserve is related to the extent of interstitial fibrosis and
predicts the recovery of systolic function after coronary revascularization {20). Several studies
have reported that plasma natriuretic peptides are predictive of long-term survival after
myocardial infarction, although the mechanism for this is not clear (21,22). In the current
study myocardial contractile reserve influenced plasma nafriuretic peptide levels. Plasma
ANP and BNP levels were high in patients without contractile reserve, and relatively low in
patients with a preserved contractile reserve. Hence, natriuretic peptides are correlated with
myocardial viability in dysfunctional myocardium. This may partially explain why natriuretic
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peptides predict survival in patients who had a myocardial infarction. Further research is
needed to fully elucidate this issue.

Conclusions;: The presence of myocardial contractile reserve influences the plasma

natriuretic peptide concentrations in patients with LV dysfunction. Plasma ANP and BNP
levels were markedly elevated in patients with LV dysfunction without contractife reserve,
compared with patients with a preserved contractile reserve. These findings may give further
insights into the role of these natriuretic peptides in patients with LV dysfunction.
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Left ventricular hypertrophy screening using a
hand-held ultrasound device
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G. E. Parharidis, J. J. Bax and J. R. T. C. Roelandt

Department of Cardiology, Thoraxcentre, Erasmus Medical Centre Rotterdam, Rotterdam, The Netherlands

Aims To test the diagnostic potendal of a2 hand-held
ultrasound device for screening for left ventricular hyper-
trophy in a hypertensive population using a standard
echocardiographic system as a reference.

Methods One huodred consecutive hypertensive patients
were enrolled. An experienced investigator performed
measurements of the thickness of the anterior seprum and
posterior wall using the parasternal 2D-long axis view and
the end-diastolic dimension of the lefr ventricle with both
imaging devices. Left ventricular hypertrophy was defined
as an increase in left ventricular mass >134g.m ™2 for
men and >110 g. m ™ * for women, when indexed for body
surface area and =143 ¢g.m 'formenand >102g. m ™'
for women, when indexed for height.

Results Sixty-five men and 35 women were studied {age
GG 11 years); mean duration of hypertension: 13£11
years; mean blood pressures: systolic 1504 20 mmmHg and
diastolic 89 + 11 mmTg. The anterior septum and posterior
wall were visualized in all patients with both imaging
devices. The standard echocardicgraphic system identified

left ventricular hypertrophy by body surface area in 18
(18%) patients and by height in 26 (26%) patients.
The agreement between the standard echocardiographic
system and the hand-held device for the assessment of left
ventricular hypertrophy was 93%, kappar 0-77 {left ven-
tricular mass/body surface area) and 90%, kappa: 0-76 (left
ventricular massiheight).

Conclusions We conciude that hand-held devices can
be effectively applied for screening for left ventricular
hypertrophy in hypertensive patients.

(Eur Heart J, 2002; 23: 1516~1521, doi:10.1053/enhj 2002,
3162)

© 2002 Published by Elsevier Science Ltd on behalf of
The European Society of Cardiology.

Key Words: Left ventricular hypertrophy, left ventricular
mass, hand-held ultrasound device.

See doi: 10.1053/euhj.2002.3292 for the Editorial comment
on this article

Introduction

Left ventricle hypertrophy which expresses end-organ
damage from hypertension, is an independent potent
marker of cardiovascular risk in arterial hyperten-
sion"L It is considered as an asymptomatic pre-clinical
stage of the cardiovascular disease, that may lead to
cardiac eventsi, Also, reversal of left ventricular hyper-
trophy can improve the patient’s cutcome™, Early iden-
tification of left ventricular hypertrophy and treatment

Revision stbmitted 31 December 2001, and accepted 2 January
2002,

Correspondence: Don Poldermans, MD, PhD, Thoraxcentre,
Room Ba 300, Erasmus Medical Centre Rotterdam, Dr.
Molewaterplein 40, 3015 GD Rotterdam, The Netherlands.

is therefore the cornerstone of appropriate management.
The electrocardiogram (ECG), although commonly
availeble and inexpensive has proven insensitive in
detecting the presence of left ventricular hyper-
trophy™®. Echocardiography is a sensitive means for
measurement of left ventricular thickness and has com-
parable accuracy to the magnetic resonance imaging
(MRI) especially in patients with normal left ventricular
geometry® %L New and small echocardiographic de-
vices are now becoming available which could be used as
screening tools for various pathomorphologies of the
heart.

The aim of the present study was to evaluate the
potential and diagnostic accuracy of a recemtly
developed portable hand-held ultrasound system for
screening for left ventricular hypertrophy in hyper-
tensive patients using a standard twe-dimensional
echocardiographic system as a reference.
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Table 1 Patients characteristics

Age {years) 6011
Male, » {%0) 65 (55%)
Years of HT 13£11
Heart rate (beats . min ™ %) Tl+11
SBP (mmHg) 150 £ 20
DBP (mmHg) 89211
BMI (kg.m %) 274

HT =hypertension: SBP=systolic blood pressure; DBP =diastolic
blood pressure; BMI=Body Mass Index.

Study patients and methods
Study population

One hundred consecutive hypertensive patients visiting
the cutpatient clinic (65 men, mean age 60 & 11 years)
were enrolled in the study. Patient characteristics are
presented in Table 1.

Study design

The study protocol consisted of an echocardiographic
examination by means of a standard echocardiographic
system, Hewlett Packard (Sonos 5500; Andover, Mass,
U.S.A.) or Vingmed (Systern V; Horten, Norway), and an
echocardiographic examination by means of a hand-held
device. Both studies were performed within 10 days
(range 2-7 days) by the same investigator with experience
in echocardiography. The order of the second visit was
arranged by a study coordinater unaware of the results.

For the evaluation of the intra-observer variability the
same observer performed the same test in 30 patients
within a week after the last examination, provided they
had unchanged characteristics. For the evaluation of
inter-observer variability, a second observer, who was
blinded te the results of the other investigator, performed
the echo study with the hand-held device in 30 patients.

All patients had a baseline electrocardiogram per-
formed. The ECGs were examined for evidence of left
ventricular hypertrophy using the Sokclow-Lyon (the
sum of the amplitudes of the S wave in V, and the R
wave in V5 or Vi, 35 mm) and the sex-specific Cornell
criteria (the sum of the amplitudes of the 8 wave in V;
and the R wave in aVL, >20 mu in women and >24 mm
in men)!'1,

All patients were known hypertensives. Blood press-
ure was measured in the supine position. For the study,
we took the average of 12 measurements over 60 min
with a 5min interval using a semi-antomatic device
(Accutor 2, Datascope, Datascope Corp. CA, U.S.A).

Echocardiographic methods

Linear measurements of the thickness of the anterior
septum and posterior wall and the left ventricular
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end-diastolic dimepsion were obtained at the para-
sternal, two dimensional long axis view with both
devices on-line, according to American Society of
Echocardiography recommendations'?. The measure-
ments reperted are the mean of five cycles.

Left ventricular mass was calculated from the
Devereux-modified American Society of Echocardiogra-
phy (ASE)-cube equationf!™ 080 (1-04 [IVST+
PWT+LVEDY — LVED’|+0-6g. The Ieft ventricular
mass index (g . m ~ %) was calculated by dividing the left
ventricular mass by body surface area. Since this index
can fail m identifying left ventricular hypertrophy in
obese individuals!'¥ a second index was caleulated by
dividing the left ventricular mass by height (g. m™).
Body surface area (m®) was derived from the Du
Bois formula™: 0-007184 x (weight kgl ***** (height
[cm)® ™. Body mass index (kg . m?) was derived from
the average weight and height.

Left ventricular hypertrophy was defined as an in-
crease in the left ventricular mass index >134g. m™?2
for men and =110 g.m ™2 for women, when indexed
for body surface areal™'™, or =143 g.m ™' for men
and zi02g.m~' for women, when jndexed for
height!'141,

The inter- and intra-observer variability was 96% and
98%, respectively.

The witrasound stethoscope

The SonoHeart® (SonoSite Inc., Bothell, Washington,
U.8.A.) hand-held ultrasound system (weight 2-4 kg,
Fig. 1} was used in this study. It is equipped with a small
2-4 MHz phased array broadband transducer and oper-
ates on a rechargeable lithium ion battery or AC power.
The two-dimensional control settings are comparable
to a standard echocardiographic device and a caliper
is integrated in the unit for linear measurements.
SonoHeart® has a storage memory of 50 images and can
be connected to a video-recerder, a printer or an exter-
nal monitor. Colour power Doppler flow mapping is
also integrated into the system.

Statistics

Descriptive statistics were reported as mean = SD or by
frequency percentages. The difference between the
measurements of the left ventricular mass indexed for
body surface area and the height of those two devices
can be appreciated from Fig. 2 (a) and (b) with the
Bland-Altman!'® plot graphic.

The agreement for the measurements between the two
examination techniques was assessed from 2 ¥ 2 tables
using weighted kappa statistics. Kappa values <04,
between 0-4 and 0-75, and >0-75 were considered to
represent poer, fair to good and excellent agresment,
respectively, based on Fleiss’s classification!*].



Figure I  Photograph of the SonoHeart™ device, a hand-
held ultrasound imager, used in this study.

Results

Clinical characteristics

The mean systolic blood pressure was 150 + 20 mmHg
and the diastolic blood pressure 89 + 11 mmIHg. The

mean heart rate was 71 £ 11 beats . min .

Electrocardiography

Four patients were found te have left ventricular hyper-
trophy according to the Sokclov-Lyon criteria and 13
according to the Cornell criteria. The sensitivity of the
ECG for the detection of left ventricular hypertrophy
was, respectively, 5% and 16% and the specificity was,
respectively, 96% and 87%.

Measurements and agreement

Visualization was feasible in ail patients with both
imaging devices. The results of the measurements of
the thickness of the anterior septum and the posterior

wall and the dimension of the left ventricle with both
examination techniques are swnmarized in Table 2.

The mean left ventricular mass indexed by body
surface area was 96-2x36g.m ™2 with the standard
echocardiographic system and 103 £ 33 g. m ™ ? with the
hand-held device. Using the threshold of =134 g. m™?
for men and =110g.m ™ ? for women the standard
echocardiographic system identified left ventricular
hypertrophy in 18 (18%) patients (nine women and nine
men). The agreement between the two methods was
93%, kappa 0-77 (Fig. 3(a)).

The mean left ventricular mass indexed by height was
111-5443 g. m ' with the standard echocardiographic
system and 120 £40 g. m ! with the band-held device.
Using the thresheld of =i43g.m™' for men and
z102g.m ' for women the standard echocardio-
graphic system identified left ventricular hypertrophy in
26 patients (13 women and 13 men). The agreement
between the two methods was 90%, kappa=0-76 (Fig.
3(b)).

Piscussion

The presence of left ventricular hypertrophy, calculated
as an absclute left ventricular mass has an independent
prognostic value on top of age and blood press-
ure® 2021 Recent studies have reported good reliability
for echocardiographic measurements of left ventricular
massl?>*,

Our study showed that this new, hand-held device
could be effectively used for screening for left ventricular
hypertrophy in office practice. Recently, we demon-
strated in a previous study the efficacy and high accuracy
of this small imaging device in assessing the patho-
morphology and function of the heart enhancing and
extending the physical examination to allow goal-
oriented examination, such as screening®*.

Although echocardiography can assess left ventricular
hypertrophy accurately compared to the ‘gold standard’
MRI, the World Health Organisation—International
Society of Hypertension (WHQ-ISH)® and the Joint
National Committee on prevention, detection, evalu-
ation and treatment of high blood pressure™® do not
recommend routine echocardiography in all hyperten-
sive patients. Thus, in patients categorized as high risk
patients (having cardiovascular risk factors or an end-
organ damage), teatment is already indicated and
echocardiography results will not change their manage-
ment?7. However, echocardiography is recommended
in patients with concomitant heart disease™™*! and in
patients with ‘stage one’ hypertension (patients with
high-normal blood pressure who do not have clinical
cardiovascular disease, target crgan damage or other
risk factors). This is recommended in order to avoid
misclassification as ‘mild’ hypertension in patients that
have an end-organ damage as left ventricular hypertro-
phy!?32626231 Both, Black and Shepst*®*!! support this
view introducing limited echocardiographic protocols.
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Figure 2 Bland—Altman plot, demonstrating the magnitude of the difference between the measurements with the two
technigues (differences plotted against their mean average) of (a) left ventricular mass indexed for body surface area
(BSA) and (b) left ventricular mass indexed for height. SD=2 standard deviations of the mean difference in the
measurements of the two devices. Using standard echocardiographic system as the gold standard, the sensitivity and
specificity of the band-held device for sereening of the presence of left ventricular hypertrophy were calculated as was
the positive predictive value (PPV), negative predictive value {NPV) and accuracy.

Table 2 Measurements (in cm) of the anteriov septum {(AS}, the postevior wall
(PW) and the left ventviculuy end-diastolic dimension (LVED) with both imaging

devices
Range of

Type of Mean D measurements
examination

AS PW  LVED AS PW LVED AS PW  LVED
Standard echo 118 ¢92 485 020 ¢20 ©71 0-5-2-2 0413 3468
Hand-beld device 121 10 48 026 16 066 0723 0614 3566
SE-hand-held -003 —-008 005 063 004 005 — — —

SD=standard deviation; Numbsr of patients:100.

However, the indication of echocardiography in
hypertensive patients may be broadened, as this new and
inexpensive (~ 1/16th of the price of a standard echo-
cardiographic system) hand-held ultrasound device
becomes widely available. In our view, such small hand-
held imaging devices, reducing the cost and being ultra-
portable and easy to use, will allow routinely echocar-
diographic examination in all hypertensive patients.
Performing as an extension to physical examination they
will provide the clinician with immediate, valuable infor-
mation about prognosis and risk classification, assisting
him in his decision of therapy. Of course, the initiation
of aggressive therapy is dependent on net only the
presence of left ventricular hypertrophy but aiso on
other parameters such as cardiovascular risk factors and
end-organ damage. Furthermore, it is becoming increas-
ingly clear that we should aim for aggressive treatment
in most hypertensive patients.

The efficacy of the selected therapy could be followed
with the hand-held device by serial estimation of left
ventricular mass with every visit at the outpatient clinic.
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However, the reliability of left ventricular mass measure-
ments depends on many facters, such as the experience
of the operator, the age of the patient, the body habitus
or the presence of an abnormal left ventricular geometry
or emphysema. Furthermore the amount of regression
with therapy also plays a significant role in the
likelihood of true changest®.

By analysing the left ventricular geometric pattern,
risk stratification can be carried out: patients with
nermal left ventricular architecture have the best prog-
nosis, those with concentric remodelling or eccentric
hypertrophy have intermediate, and those with concen-
tric left ventricular hypertrophy have the worst prog-
nosis®2*93, Furthermore, echocardiography provides
us not only with left ventricular mass determination,
but with additional valuable information such as left
ventricular systolic function or valvular abnormalities.

The method used most frequently for the diagnosis of
left ventricular hypertrophy is still standard electrocar-
diography. Although the ECG has low semsitivity and
specificity in recognising left ventricular hypertrophy, it



(a) IVM/BSA (gm™) (k)
Standard echo
Abnormal Normal
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Agreement = 93%, k = §-77

Number of patients: 180.

LVM/height (g.m™)
Standard echo
Abnormal Normal
Abnermal 25 9
Normal 1 65

Agreement = 90%, k = 0-76

The numbers inside the table express the ahselute number of patients

Abnermal = left ventricular hypertrophy

Figure 3 Agreement of the left ventricular mass (LVM) indexed by body surface area (BSA) (a) and by
height (b), measured by the hand-held device and the stapdard echocardiographic system.

should not be abandoned in patients with known
or suspected coronary artery disease as it pro-
vides additional information on ischaemia, previous
myocardial infarction and rhythm abnormalities.

Left ventricular mass determination, especially with
the M-mode based methodolegy, can be unreliable in an
asymmetric heart. In the presence of such an anatomy,
the 3D echocardiogram and the ECG.gated magnetic
resonance imaging have a higher accuracy and reliabil-
ity. However, albeit they are superior compared to
conventional echocardiographic methods, they have a
higher cost and a varied availability!®¥).

The study was performed by a cardiclogist with
experience in echocardiography. We believe that phys-
icians can be trained to use this hand-held device and to
recognize and distinguish normal from abnormal find-
ings. In case of an abnormal finding or in case of doubt
an echocardiographic study with a standard echocardio-
graphic system performed by an experienced investi-
gator should follow, However, training and licensing for
use of these devices by non-cardiologists will become an
important issue in the future,

Recently, Goodkin et 2l studied the use of the
hand-held device at the point-of-care and compared it to
the physical examination. They reported that the use of
this device by cardiologists improved the detection of
important cardiovascular findings. However, they
pointed cut that such a hand-held device cannot be a
substitute for the final diaguosis, in case of abnormal
findings. This is in cencordance with the study per-
formed by Spencer er alP? in critically ill patients.
Moreover, Schiller® comments that further evaluation
of these devices will improve their practical use.

Limirations

In this study, we calculated the left ventricular mass by
the Devereux modified (ASE)-cube equation. Due to the

absence of the M-mode feature of the hand-held device
the measurements were performed with the use of cal-
lipers on the two-dimensional parasternal long axis view
according to the American Society of Echocardiography
recommendations*?l. The same mezsuring technique
was used for both devices for performance comparison.

The hand-held device used in this study had colour
power Doppler flow mapping instead of the traditional
colour Doppler. Furthermore, it had no Doppler
modalities with which to obtain haemodynamic data. By
pow, spectral Doppler and colour Doppler are inte-
grated in the new generation of personal ultrasound
imagers.

Conclusion

The hand-held ultrasound device, being ultra-portabie,
and inexpensive could become part of the clinical exami-
natien in high-risk patient groups, performing ke an
excellent screening tool.

We are grateful to Eric Boersma, PhD, for expert statistical
advise.
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Abstract

Background: Background: A hand-carried cardiac ultrasound (HCU) device is a
recently introduced imaging device which may be potential useful in the primary care setfing.

Aim: To test the screening potential of a HCU for the detection of LV dysfunction by
evaluating LV ejection fraction (LVEF) and inferior vena cava (IVC) collapse. A standard
echocardiographic system (SE) and plasma brain natriuretic peptide (BNP) measurements
were used as a reference.

Methods: Eighty-eight (88) consecutive patients (56 male, age 59+12 years) with
suspected LV dysfunction were enrolled in the study. The HCU-LVEF was visually estimated
and the SE-LVEF derived by the Simpson's biplane method. A LVEF £33% represented LV
dysfunction. An IVC collapse of <50% and BNP levels 215 pmol/L were considered
abnormal. The correlation of the HCU-LVEF, the HCU-IVC and BNP to the SE-LVEF and
SE-IVC were analysed independently using two-by-two tables.

Results: Six patients were excluded because of poor echo images. 17/82 patients had
LV dysfunction. Both, the HCU and BNP could identify 16 out of these 17 patienis. The
agreement for LVEF and IVC collapse between SE and HCU was 98% and 96% respectively.
The sensitivity of IVC collapse, HCU-LVEF and BNP in identifying patients with LV
dysfunction were respectively 30%, 94% and 94%.

Conclusion: A HCU device can reliably be used as a screening tool for LV
dysfunction.
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Introduction

Congestive heart failure is a disease associated with high morbidity, mortality and cost
(1-4). One of the main precursor forms of heart failure is left ventricular {(I.V) dysfunction,
which at early stages is asymptomatic. Appropriate and early treatment can delay if not
prevent the development of chronic heart failure (5-7) which makes screening for this disorder
worthwhile (8). However, clinical diagnosis of LV dysfunction with the existing conventional
criteria is often difficult and inaccurate (9-11).

Brain natriuretic peptide (BNP) is a cardiac neurchormone secreted in the ventricles as
a response 1o volume and pressure overload (12,13) and may be elevated in patients with LV
dysfunction (14,15). Studies have suggested measurements of plasma BNP levels as a
potential new screening method for the diagnosis of patients with impaired L.V dysfunction
{14-17). Echocardiography on the other hand, is known to be the screening method of choice
for LV dysfunction assessment (3,18-19) but is considered to be unpractical and costly
(15,16,20). Furthermore, the inspiratory changes in diameter of the IVC collapse as an
indicator of right-sided filling pressure can be measured by echocardiography (21-22).
However, the utility of this parameter as a screening parameter for L'V dysfunction has not
been studied yet. Hand-carried cardiac ultrasound (HCU) devices aim to bring
echocardiography mto the community setting allowing screening programmes for various
cardiac pathologies (23-25).

The purpose of the current study was to test the diagnostic potential of a HCU device
{SonoHeartTM, SonoSite Inc and OptiGoTM, Philips Medical Systems) in screening for LV
dysfuniction by evaluating LV ejection fraction (LVEF) and the IVC collapse. A standard
echocardiographic system (SE)} evaluating LV function and IVC collapse and BNP
concentration measurements were used as a reference.

Methods

Study patients: The study was approved by the Institutional Medical Ethical
Cormunittee and informed consent for the study was obtained from all patients. Eighty-eight
(88) consecutive patients referred from the outpatient cardiolegy clinic te the eche lab with
suspected LV dysfunction were included in the study. All patients were clinically stable and
cardiac medication was unchanged during the study period. Patients characteristics are listed
in table 1.

The HCU device: Two HCU devices were used: the OptiGoTM (Philips Medical
Systems) and the SonoHeartTM Plus (SonoSite Inc) (Figure 1). Both devices operate on a
rechargeable baitery or AC current and allow quantitative assessment of the heart with
inclusive linear callipers. SonoHeartTM has a storage memory of 50 images which can be
downloaded into a PC and has also connection to a VCR, a printer or an external monitor. The
OptiGoTM uses a CompactFlash card to archive images which also can be downloaded into a
PC. Colour flow Power Doppler and Colour flow Doppler is integrated to the SonoHeartT™M
and OptiGoTM respectively. SonoHeartTM Plus has in addition M-Mode and pulsed Doppler.
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Figure 1. Photograph of the two ultrasound stethoscopes used in this study. (4} The
OptiGoTM and (B) the SonoHeartTM plus.

Echocardiographic data: The study protocol consisted of fwo consecutive
echocardiographic examinations: one examination by means of a standard echocardiographic
system (Sonos 5500, Andover, Mass) and the other by means of a HCU device
{SonoHeartTM, SonoSite Inc or OptiGoTM, Philips Medical Systems). All images were
stored in the memory of the portable devices and as digital loops onto optical discs for the SE.
Both studies were performed on the same day by two independent cardiologists blinded to
each other’s results and to medical history or clinical status of the patient.

LVEF evaluation using SE: Images were acquired with the SE at standard cardiac
views. We used LVEF, derived with the previously validated modified Simpson’s biplane
discs method (26), as our gold standard for classification of L'V function. The analysis was
performed on a computerised off-line station by an independent third observer blinded to the
HCU device and BNP results. The cinematic frames corresponding to end-diastole and end-
systole were selected from 2-chamber and 4-chamber views.

LVEF evaluation wsing & HCU device: Global LV systolic function was estimated
visually from the same with the SE cardiac views in all patients. Normal L'V systolic function
was defined by normal L'V end-diastolic (5.5 ¢cm) and end-systolic (<3.5 c¢m) dimensions and
no major wall motion abnormalities (27) whereas EF £35% was considered to represent a
severely reduced LV function.

IVC measurements: The expiratory and inspiratory IVC diameter and percent
collapse were measured with SE and HCU devices from the subcosial view with the patient in
supine position. The diameter was measured within 2 cm of the right atrium origin of IVC. In
case of quiet respiration and minimal IVC variation the patient was asked to suddenly inhale
(“sniff”) and the subsequent I[VC was measured (Figure 2). The collapse index (IVC-CI) was
calculated by taking the difference of the two dimensions and dividing it by end-expiratory
IVC dimensions. An IVC-CT < 50% represented an elevated right atrimm (RA) pressure (>10
mmHg) (22).
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Measurement of plasma BNP: Before the echocardiographic assessments, blood
samples were obtained from the antecubital vein of all patients after they had rested for at
least 15 minutes. Blood was collected into chilled tubes containing edetic acid (EDTA) and
aprotinin (1.9 mg and 100 kIU/ml bloed, respectively). Plasma samples were centrifuged
promptly (for 10 minutes) and stored at -80°C until final analysis. BNP was measured using a
standard commercially available immunoradiometric assay kit {Shionoria BNP kit, Shionogi,
Osaka, Japan). Results of BNP concentration were received within I month from the
echocardiographic examination. A BNP level of 215 pmol/l. was considered to represent
severe LV dysfunction and derived from a large study population of more than one thousand
patients in our centre.

Invasive hemodynamic data: Right-sided heart catheterisation was performed in a
subgroup of 20 patients to compare invasively obtained RA pressure measurements to the RA
pressure estimated echocardiographically by the IVC collapse. The hemodynamic data were
acquired with fluid-filled Swan-Ganz catheters (Baxter Healthcare Corp., Edwards Critical
Care Division, Irvine, California) immediately after the echocardiographic study with the
HCU device and before any invasive interventions. Normal RA pressure was considered
<10mmHg. Medication remained unchanged during the study period. Blood samples for BNP
were obtained from all the patients prior to invasive interventions and results were compared
to invasive data.

Statistical analysis: Descriptive statistics were reported as mean + SD for continucus
variables and as percentages for categorical variables. The agreement for the two examination
techniques in evaluating LVEF and IVC-CI measurements were assessed from 2X2 tables
using weighted kappa statistics. The same statistical method was used for the agreement
between BNP measurements versus LVEF and between RA pressure measured invasively
versus the echocardiographically estimated RA pressure. Kappa values <0.4, between 0.4 and
0.75, and >0.75 were considered to represent poor, fair to good and excellent agreement
respectively, based on Fleiss’s classification (28). Differences between proportions were
compared using the Chi-square test. The Student’s t test was used to compare continnous
variables. A value of p<0.05 was considered statistically significant.

Figure 2. Iinaging of the inferior vena cava during expiration (4 and inspiration (B). 4
collapse of less than 50% is present, indicating and elevated right-sided filling pressure
(OptiGoTM).
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Results

Patients characteristics: Eighty-eight (88) patients (52 male, age 59+12) referred for
echocardiography with suspected LV dysfunction were included in the study. Out of the
initial 88 patients, 6 were excluded from the study due to poor visualisation of the LV (2
patients), and IVC (4 patients) leaving 82 patients for analysis. Sixty-four out of §2 patients
were classified according to the New York Heart Association functional class I or II, 14 were
class 11l and 4 patients were class IV. The classification was performed by an investigator
blinded to the results of the echocardiographic examinations.

Table 1. Baseline characteristics of the 88 patients with suspected L'V dysfunction

Age (vears) 52£12

Male, n 57 {59%)
History of myocardial infarction 34 (39%)
Hypertension, known 15 (17%)
Diabetes mellitus, treated 9 (10%)
No history of cardiovascular disease 32 (36%)
Beta-blockers 36 (41%)
Nitrates 15 (17%)
Calcium-antagonists 15 {17%)
Diuretics 12 (14%)
Aspirin/anticoagulants 40 (45%)
Lipid-lowering agents 37 (42%)

Echocardiographic data: Out of the 82 patients to analyse, 17 had an EF <35% as
assessed by the SE Simpson’s biplane discs method. The HCU examination detected 16/17
patients showing a sensitivity of 94% and specificity of 100% in the diagnosis of LV
dysfunction (table 2A). The agreement between the two imaging technigues for the IVC-CIL
was very good (96%, kappa=0,87) (table 3A). However, there was no correlation between
TVC-CT and LVEF assessed by SE (agreement:76%, kappa=0.19) (table 3B).

BNP data: Resuits of BNP were available for all 82 patients. BNP levels were
elevated in 16 out of the 17 patients with LV dysfunction. However, in 8 patients with normal
LVEF the BNP levels were also elevated resulting in a sensitivity of BNP in diagnosing
patients with £V dysfunction of 94% and a specificity of 88% (table 2B).

Subgroup analysis: 20 patients underwent a right-sided heast catheterisation as part
of diagnostic procedure. The characteristic data of the patients are listed in table 4. The mean
RA pressure measured invasively was 8429 mmHg. The agreement for the measurement of the
RA pressure between the two techniques was 95%, kappa 0.9 (table 5). The correlation
between BNP and invasively measured RA pressure was poor (60%, kappa=0.29),
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Table 2. Agreement between (A) a HCU device and (B} BNP measurements and a standard
echo in the assessment of LVEF.

No of patients: 82. The numbers mnside the tables express the absolute number of patients.

Abnormal LVEF: <35%. Abnormal BNP: <15 pmol/L

abnormat

LVEF-
(HCU)

normal

abnormal

BNP

normal

LVEF (SE)
abnormal normal
16 0
1 65

Agreement =99%, kappa =0.96,
Sensitivity=094% (35%CIL:0.77-0.77)
Specificity=100% {95%CI:0.95-0.95)
PPV=100% (95%CI:0.82-0.82)
NPV=08% (95%CI:0.94-0.94)

LVEF (SE})
abnormal normal
16 8
1 27

Agreement =§9%, kappa =0.71.
Sensitivity=94% (95%(CI:0.73-0.99)
Specificity=87% {95%C1:0.82-0.89)
PPV=67% (95%CI:0.51-0.70}
NPV=98% (95%CI:0.92-1.0)
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Table 3. {A) Agreement between & HCU device and a standard echo in the assessment of [VC
collapse and (B) correlation between IVC collapse and LVEF

No of patients: 82. The numbers inside the tables express the absolute number of patients.
LVEF=left ventricular ¢jection fraction. IVC-Cl=inferior vena cava collapse index. Abnormal

1LVEF: €35%:; Abnoma!l [VC-CI: < 50%.

abnormal

IVC-CI
(HCU)

normal

abnormal

Ive-Cl
(HC

normal

180

IVC(SE)
abnormal normal
12 1
Z 67

Agreement =96%, kappa =0.87.
Sensitivity=86% (95%CI[:0.64-0.92)
Specificity=98% (95%CI:0.94-1.0)
PPV=92% (95%CI1:0.68-1.0)
NPV=97% (95%CI:0.93-0.98)

LVEF (8F)
abnormal normal
5 8
12 57

Agreement =76%, kappa =0.19.
Sensitivity=30% (95%CI:0.12-0.49)
Specificity=88% (95%C1:0.83-0.93)
PPV=38% (95%CIL:0.16-0.64)
NPV=83% (95%CL.0.78-0.87)



Discussion

Heart failure and LV systolic dysfunction occur frequently, especially in the elderly
population and are related to poor prognosis and considerable health-care cost (3). Early
recognition and initiation of appropriate treatment can improve survival (6). However,
diagnosis of LV dysfunction, especially in asymptomatic patients, may be difficult to assess
by physical examination enly, even when routine lab values, electrocardiograms and chest X-
rays are added (29).

BNP is a 32 amino acid polypeptide containing a 17 amino acid ring structure
common to all natriuretic peptides. The source of BNP is the cardiac ventricles and its release
is directly proportional to ventricular volume expansion and pressure overtoad (12,13). BNP
levels are elevated in patients with heart failure and LV dysfunction. Also the effect of
treatment in these patients can be monitored with repeated BNP measurements, as suggested
by Troughton et al {30). Furthermore BNP levels seem to be an independent predictor of long-
term survival after myocardial infarction (31) and all cause mortality for patients with [V
dysfunction (32,33). BNP measurements have therefore been proposed as a new simple and
mexpensive screening tool for LY dysfunction (14-17, 34,35). Furthermore the European
Soctety of Cardiology has recently incorporated the BNP measurements into the diagnosis of
heart failure (18). BNP levels are useful in "ruling out” this disorder due to very high negative
predictive values, especially in untreated patients. In accordance with previous studies we
demonstrated that BNP measurements show high sensitivity in detecting patients with LV
dysfunction. However, we have to take into account that BNP, as an indicator of raised
intracardiac pressure, can be elevated in various forms of heart disease besides L'V systolic
dysfunction including atrial fibrillation, LV diastolic dysfunction, LV hypertrophy and
significant valve disease (36-37). This may explain our resuits regarding BNP measurements.

Echocardiogaphy as a screening tool for LV dysfunetion: According to the
guidelines of the European Society of Cardiology, objective evidence of L'V dysfunction must
be added to clinical symptoms to establish the diagnosis of heart failure. Echocardiography
has been proposed to be the screening method of choice to demonstrate cardiac dysfunction
(18,19). However, echocardiography is considered not cost-effective as a screening tool,
especially for patients with low probability of cardiac dysfunction, and its availability is often
limited in the different clinical settings. Newly developed HCU devices offer high image
quality, ultra~-portability and significantly lower capital cost (1/10th of the cost of a SE). The
value of such devices for screening for various cardiac pathologies has been shown in
previous studies (23-25, 27, 38-39). The main finding of the current study was that a HCU
device, estimating LVEF, is a sensitive tool for screening for LV dysfunction as assessed by
SE.

We tested furthermore the hypothesis of diagnosing LV dysfunction by assessing the
percentage collapse of IVC. However, this parameter appeared to be of low sensitivity (30%)
and positive predictive value (38%) for the detection of LV dysfunction with both devices, SE
and HCU echocardiography. To our knowledge, this is the first study that evaluated the
parameter of the percentage collapse of TVC as a potential screening parameter for LV
dysfunction. In the conirary and as previously shown (22), the correlation of the
echocardiogaphically estimated RA pressure, assessed by the IVC collapse, compared to the
invasively assessed RA pressure (agreement 95%).

Echocardiography, can provide non-invasively, additional valuable information about
other significant abnormalities beyond LV function. Thus, LV hypertrophy, wvalvular
abnormalities or mass lesions can be diagnosed instantly with echocardiography but couid be
missed by physical examination or a blood test. Furthermore, the addition of the Doppler
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feature in some of these devices enables the differentiation between systolic and diastolic
dysfunction.

Use of ultrasound stethoscopes: The American Society of Cardiology recommends
Level T of traiping as an absolute minimal level required for the use of HCU devices (40).
Studies have shown that minimal echo training may enable physicians to use HCU for
interpreting simple abnormalities with high efficacy and accuracy (41-42).

Limitations; The HCU devices used in this study were SonoHeart plusTM and
OptiGoTM. Although the former has two additional modalities (pulsed Doppler and the M-
Mode), we used only the 2D feature for the LVEF and the IVC collapse evaluation to avoid
bias between the two devices. There are therefore no data about the diastolic LV function of
the heart or flow data. Furthermore no additional data about other cardiac abnormalities were
reported since the purpose of the study was to test the potential of a HCU device as a
screening tool for LV dysfunction.

Conclusion: Echocardiography is a most practical tool to demonstrate cardiac
dysfunction. The HCU devices lead to incorporation of echocardiography into the physical
examination and can broaden the availability of echocardiography allowing screening
programumes for the identification of patients with LV dysfunction.
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Summary and conclusions

In this thesis, the use of myocardial stress imaging, both nuclear imaging and
dobutamine stress echocardiography, for the evaluation of coromary artery disease is
described.

Part 1: Mvocardial viability

In chapter 1 a systematic review is provided evaluating the value of nuclear imaging
and dobutamine stress echocardiography in the detection of coronary artery disease,
assessment of prognosis, prediction of functional recovery after myocardial infarction, and
prediction of recovery of function in patients with ischemic cardiomyopathy. To provide the
most objective information, only direct comparative studies on these two techniques in the
same patients were included. Pooled analysis revealed that both techniques are clinically
useful in the evaluation of patients with coronary artery disease, however small differences
between accuracies exist in different settings. The local expertise and the availability are
important factors for using a test. Also, patients’ characteristics (habitus, acoustic window,
pregnancy) influence the cheice of the technique.

In chapter 2, the prevalence of myocardial viability is assessed in a consecutive cohort
of patients with ischemic cardiomyopathy (left ventricular ejection fraction =35%).
Dobutamine stress echocardiography demonstrated myocardial viability in 35% of the
dysfunctional segments. When the cut-off value of 24 dysfunctional but viable segments was
applied to classify a patient as viable, 57% of the patients were considered to have substantial
viability. Hence in 57% of the patients with ischemic cardiomyopathy and heart failure,
dobutamine stress echocardiography showed a clinically significant amount of myocardial
viability. Coronary revascularization may be considered as therapy for these patients.

Previous studies have indicated that nuclear imaging techniques may be more sensitive
for the detection of myocardial viability than dobutamine stress echocardiography. Therefore,
in chapter 3 we used dual-isotope SPECT to assess the prevalence of myocardial viability. In
a cohort of patients with ischemic cardiomyopathy (left ventricular ejection fraction €35%)
myocardial viability was assessed using perfusion imaging alone, and combined perfusion and
metabelic imaging. When only perfusion imaging was used to indicate viable myocardium,
54% of the patients showed significant viability, while a combination of perfusion and FDG
metabolic Imaging revealed that 61% of the patients had a clinically significant amount of
viable myocardium. Hence the combination of perfusion and metabolic imaging identified
more patients with viable myocardium than perfusion imaging alone.
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Chronic electrocardiographic @ waves are often believed to reflect scarred tissue. In
chapter 4, the relation between chronic electrocardiographic O waves, end-diastolic wall
thickness, and myocardial viability is addressed. A consecutive series of patients with chronic
electrocardiographic Q wave infarction, heart failure symptoms, and chronic coronary artery
disease underwent dobutamine stress echocardiography. In 58% of the @ wave regions viable
tissue was present. Hence, chronic § waves on electrocardiography do not exclude the
presence of viable myocardium. Initial evaluation by resting echocardiography may already
exciude the presence of viable tissue when the end-diastolic wall thickness is 6 mm or less.
However, in regions with Q waves and an end-diastolic wall thickness >6 mm, additional
testing is needed since 38% of this regions did not show viability during dobutamine stress
echocardiography.

Next, in chapter 5, myocardial viability in Q-wave regions in patients with ischemic
cardiomyopathy, who had heart failure as the predominant symptom was assessed with dual-
isotope SPECT. The patients underwent echocardiography at rest to identify dysfunctional
myocardial tissue and dual-isotope nuclear lmaging to assess myocardial perfusion and
metabolism. According to FDG SPECT metabolic imaging viable tissue persisted in a high
proportion (61%) of dysfunctional myocardial regions with chronic Q waves. Hence, chronic
Q waves on electrocardiography do not necessarily imply irreversibly scarred myocardium.

In chapter 6, the presence of contractile reserve in response to dobutamine infusion
was studied in patients with stunned and hibernating myocardium. Dysfunctional myocardium
was assessed by resting echocardiography, the dysfunctional segments were subsequently
evaluated for the presence of stunning or hibernation by dual-isotope SPECT. The presence of
contractile reserve was assessed by dobutamine stress echocardiography. Contractile reserve
was present in 61% of the stunned segments as compared to 31% of the hibernating
myocardium. Patients with more severe heart failure (NYHA functional class HI-IV) less
frequently showed contractile reserve as compared to patients with mild heart failure.
Contractile reserve was absent in the majority of scar segments; only 14% of the scar
segments exhibited contractile reserve. In addition, residual contractile reserve was related to
the extent of scar tissue, nontransrnural scar tissue more often exhibited contractile reserve
than transmural scars. The progressive reduction of contractile reserve in stunned,
hibermnating, nontransmural and transmurat scar tissue, supports the hypothesis that stunning,
hibernation, and scar are not circumscript pathofysiological entities but represent gradual
ultrastructural damage on the myocyte levetl.

In chapter 7, the feasibility and image quality of duai-isotope SPECT imaging using
acipimox for the evaluation of myocardial viability in patients with diabetes mellitus are
assessed. The study population consisted of 70 patients, subsets of patients with insulin-
dependent diabetes mellitus and with non-insulin dependent diabetes mellitus were studied.
Metabolic conditions {plasma substrate levels) were monitored. As anticipated baseline
glucose levels were higher in patients with diabetes. In patients with plasma glucose levels >9
mmol/L additional insulin was administered. An oral dose of acipimox effectively lowered the
free fatty acids concentrations in patients with and without diabetes. No serious side effects of
Acipimox were observed. The image quality (assessed by the myocardium to background
ratio) was comparable in both patient groups. The type of diabetes (insulin dependent or non-
insulin dependent diabetes) did not influence FDG image quality. In conclusion, FDG SPECT
is a safe and clinically useful method to assess myocardial viability that offers a good image
quality, even in patients with diabetes mellitus.
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In chapter 8, the clinical implications of segments with intact perfusion without
contractile reserve are addressed. Patients with ischemic cardiomyopathy undergoing surgical
revascularization were evaluated using nuclear perfusion imaging and low-dose dobutamine
stress echocardiography. The findings were related to functional outcome, assessed 9-12
months after coronary revascularization. In 51% of the chronic dysfunctional segments an
intact perfusion was present, 31% of the dysfunctional segments showed contractile reserve.
The majority of the segments with improvement of contractile function after revascularization
had both preserved perfusion and contractile reserve. Segments with both characteristics
present may thus have a high likelihood of recovery after revascularization (66% of the
segments with both characteristics improved in function}. In contrast, segments without intact
perfusion and contractile reserve had a low likelihood of recovery after revascularization
(95% of the segments without perfusion and contractile reserve did not improve in function).
Segments with preserved perfusion without contractile reserve have an iniermediate
likelihood of recovery. Additional testing needs to be developed to predict functional outcome
after revascularization in these segments.

Part 2: Prognosis

In chapter 9, the long-term prognostic value of dobutamine stress #mTc-sestamibi
SPECT in patients with limited exercise capacity is presented. The prognostic value of stress
#mre-sestamibi imaging has been reported in various patient-subsets at short- to intermediate-
term follow-up. The mean follow up of this study 1s 8 & 1.4 years as compared to an average
follow up of 0.8-3.6 years after exercise and 0.8-2.3 years after pharmacological stress me.
sestamibi SPECT in previous studies. The annual event rates for cardiac death, cardiac death
or infarction, and all events were 0.9%, 1.2%, and 1.5% respectively after a normal scan, and
2.7%, 3.4%, and 4.4% after an abnormal scan (P<0.05). The main finding from this study is
that the prognostic value of dobutamine stress Py _sestamibi SPECT is maintained at long-
term  follow-up. Univariate and multivariate Cox proportional regression analysis
demonstrated that * " Te-sestaribi SPECT provided incremental prognostic information in
addition to clinical and stress test parameters all through the 8-year follow-up period. Not
merely the presence of an abnormal perfusion pattern, but the extent and severity of the
perfusion defect provided incremental prognostic information as well.

In chapter 10, the value of dobutamine stress *"Tc-tetrofosmin myocardial perfusion
imaging for the prediction of late cardiac events is assessed. A total of 721 patients with
limited exercise capacity underwent dobutamine stress 9IMTe-tetrofosmin SPECT. The cardiac
death rate was 1% per year in patients with a normal scan and 5.1% per year in patients with
an abnormal scan (P<0.0001). A multivariable Cox model showed that the presence of an
abnormal perfusion was independently associated with an increased risk of cardiac death,
after adjusting for clinical and stress test data (hazard ratio 8.2, CI3.2-21}.

Diabetes mellitus is an important risk factor for coronary artery disease. In chapter 11
we assessed the prognostic value of #™T¢ myocardial perfusion imaging in 207 patients with
diabetes mellitus unable to perform an exercise test. During 4.1 = 2.4 year follow-up, cardiac
death occurred in 2 of 69 (3%) patients with normal myocardial perfusion and in 34 of 125
{27%) patients with perfusion abnormalities (P<0.0001). A multivariable Cox proportional-
hazards model demonstrated that the presence of an abnormal scan had an incremental
prognostic value for the prediction of cardiac death (hazard ratio = 7.2, 95% CI 1.7-30),
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additional to clinical and stress test data. The summed stress score was an important predictor
of cardia¢ death as well.

In chapter 12, the incremental value of exercise #™Te-tetrofosmin  myocardial
perfusion imaging for the prediction of cardiac events is evaluated. A total of 655 patients
were followed up for a period of 4 = 1.3 years. An abnormal scan was an independent
predictor of cardiac death, and provided incremental information over clinical and exercise
test data. The summed stress score provided incremental prognostic information over clinical
data as well. An abnormal scan, and the summed stress score were powerful independent
predictors of the combined end point of any cardiac event. Hence, exercise P tetrofosmin
SPECT provides information incremental to clinical data, in the prediction of cardiac events
in patients with known or suspected coronary artery disease.

Patients with a normal exercise stress > ™Tc-sestamibi SPECT images were shown to
have a favorable outcome at intermediate follow-up. We assessed the incidence and predictors
of mortality during long-term (7.4 + 1.8 years) follow-up after a normal exercise siress e
sestamibi study in 218 patients. By multivariate analysis, independent predictors of cardiac
events were history of coronary artery disease and lower exercise heart rate. Independent
predictors of all causes of mortality were age and exercise heart rate. The annual mortality
rate was 0.6% in the first 5 years and 1.8% between the sixth and eighth years. The annual
hard cardiac event rate was 0.7% in the first 5 years and 1.5% between the sixth and eighth
vears. ROC curves identified an exercise heart rate <130/min as the cut off value that
separated patients with regards to their nisk for mortality and hard cardiac events. In
conclusion, the annual mortality and cardiac event rate is less than 1% during 5 year follow up
after a normal exercise sestamibi study. Therefore, it is not required to repeat the test during
that period. Fellow up should be closer in patients with a history of CAD and in those who
fail to achieve an exercise heart rate 2130/min.

In chapter 14, the prognostic significance of reversible perfusion abnormalities in
patients without angina during dobutamine stress ~"Tc-sestamibi SPECT is presented. The
study reports on cardiac events in 224 patients with completely or partially reversible
perfision abnormalities. Angina occurred in 93 (42%) patients during dobutamine stress test
{symptomatic ischemia group). The 131 patients without angina represented the silent
ischemia group. There was no significant difference between patients with and without angina
with regards to summed stress perfusion score, or summed ischemic score. During 2 median
follow up of 7.2 years, cardiac death occurred in 14 (15%) patients with and in 21 (16%)
patients without angina. Non-fatal myocardial infarction occurred in 8 (9%4) patients with and
in 13 (10%) patients without angina. In a multivariate anatysis model of clinical and perfusion
data, independent predictors of cardiac evenis were age, diabetes mellitus, and ischemic
perfusion score. Patients with silent ischemia defined as reversible perfusion abnormalities
without associated angina during dobutamine stress sestamibi SPECT imaging have similar
extent of ischernia and similar cardiac event rate compared to patients with sympiomatic
ischemia. Therefore, the absence of angina in association with reversible perfusion
abnormalities should not be interpreted as a sign of more benign prognosis.
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Part 3: New technigques

In chapter 13, the influence of left ventricular myocardial contractile reserve on atrial
natriuretic peptide and brain natriuretic peptide is addressed. Plasma atrial natriuretic peptide
and brain natriuretic peptide were determined in 66 consecutive patients with a varying degree
of heart failure. All patients underwent resting echocardiography to determine the lefi
ventricular gjection fraction. Contractile reserve was assessed using low-dose debutamine
siress echocardiography. Plasma concentrations of both natriuretic peptides were higher in
patients with a LVEF<35% compared to patients with a LVEF>33%. The presence of
contractile reserve influenced the natriuretic peptide levels in patients with segmental wail
motion abnormalities. Patients with a preserved myocardial contractile reserve had lower
ANP and BNP levels than patients without contractile reserve. Thus, plasma natriuretic
peptide levels are elevated in patients with left veniricular dysfunction. However, in the
presence of preserved myocardial contractile reserve, relatively low atrial natriuretic peptide
and brain natriuretic peptide are present.

In chapter 16, we tested the diagnostic potential of a hand-held ultrasound device for
screening for left ventricular hypertrophy. Hand-held echocardiography was performed in 100
patients with hypertension using a standard echocardiographic system as a reference. The
mean duration of hypertension in these patients was 13 + 11 years. The agreement between
the standard echocardiographic system and the hand-held device for the assessment of left
ventricular hypertrophy was 93%. Hand-held ultrasound devices can be effectively applied for
screening for left ventricular hypertrophy in hypertensive patients. The hand-held ultrasound
device, being ultra-portable and inexpensive could becorme part of the clinical examination in
high-risk patient groups.

Chapter 17 deals with screening for left ventricular dysfunction. The screening
potential of an hand-carried ultrasound device was assessed. The main finding of the current
study was that a hand-carried ultrasound device, estimating LVEF, is a sensitive tool for
screening for LV dysfunction as assessed by echocardiography with a standard high-end
system. Echocardiography is a most practical tool to demenstrate cardiac dysfunction. The
hand-carried ultrasound devices lead to incorporation of echocardiography into the physical
examination and can broaden the availability of echocardiography allowing screening
programmes for the identification of patients with LV dysfunction.
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Samenvatting en conclusies

In dit proefschrift wordt het gebruik van beeldvormend cardiaal stress onderzoek,
zowel nucleaire beeldvorming als dobutamine stress echocardiografie, voor het evalueren van
coropaire hastziekten beschreven.

Deel 1: Myocardvitaliteit

In hoofdstuk 1 wordt een systematisch overzicht gegeven van de waarde van nucleaire
beeldvorming en dobutamine stress echocardiografie voor het diagnostiseren van coronaire
hartziekten, bepaling van de prognose, voorspellen van functicherstel na een myocardinfarct
en het voorspellen van functicherstel bij patiénten met ischemische cardiomyopathie. Om
objectieve informatie te verschaffen, werden alleen onderzoeken geanalyseerd die deze twee
technieken in dezelfde patiénten hebben vergeleken. Gecombineerde analyse liet zien dat dit
klinisch waardevolle technieken zijn voor het evalueren wvan patiénten met coronaire
hartziekten, hoewel er in verschillende situaties kleine verschillen in nauwkeurigheid bestaan.
De plaatselijke expertise en de beschikbaarheid zijn belangrijke factoren voor het gebruiken
van een onderzoek. Ook de eigenschappen van de patiént (habitus, akoestisch raam,
zwangerschap) beinvlioeden de keuze voor één van de technicken.

In hoofdstuk 2 wordt the prevalentie van dysfunctioneel maar vitaal myocardweefsel
bepaald in een groep van opeenvolgende patiénten met ischemische cardiomyopathie (linker
venirikel ¢jectie fractie £35%). Dobutamine stress echocardiografie toonde myocardvitaliteif
aan in 35% van de dysfunctionele segmenten. Wanneer de grenswaarde van 24 dysfunctionele
maar vitale segmenten werd toegepast om een patiént als vitaal the classificeren, had 57% van
de patiénten een substantiéle hoeveelheid vitaal weefsel. Dus in 57% van de patiénten met
ischemische cardiomyopathie en hartfalen, liet dobutamine stress echocardiografie een
substantiéle hoeveelheid vitaal myocardweefsel zien. Coronaire revascularisatic kan als
behandeling overwogen worden bij deze patiénten.

Eerder onderzoek heeft laten zien dat nucleaire technieken gevoeliger kunnen zijn dan
dobutamine stress echocardiografie voor het vaststellen van myocardvitaliteit. Daarom
gebruikten we in hoofdstuk 3 dual-isotope SPECT om de prevalentie van myocardvitaliteit
vast te stellen. In een cohort patignten met ischemische cardiomyopathie (linker ventrikel
gjectie fractie €35%) werd myocardvitaliteit bepaald met alleen perfusie beeldvorming, en
met gecombineerde perfusie en metabolisme beeldvorming. Wanneer alleen de perfusie
beelden werden gebruikt, had 54% wvan de patiénten een significante hoeveelheid
dysfunctioneel maar vitaal weefsel, de combinatie van perfusie en metabolisme liet zien dat
61% van de patiénten een significante hoeveelheid vitaal myocardweefsel had. Dus met de
combinatie van perfusie en metabolisme beeldvorming werden meer patignten met vitaal
myocardweefsel ontdekt dan met alleen perfusie beeldvorming.
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Er wordt vaak gedacht dat chronische @ golven op het electrocardiogram op
littekenweefsel duiden. In hoofdstuk 4 werd de relatie tussen chronische @ golven,
einddiastolische wanddikte en myocardvitaliteit onderzocht. Een opeenvolgende setie
patignten met een chronisch Q golf infarct, hartfalen, en chronische coronaire hartziekte
ondergingen dobutamine stress echocardiografie. In 58% van de Q golf gebieden was
dysfunctioneel maar vitazl weefsel aanwezig. Derhalve sluiten chronische Q golven op het
electrocardiogram de aanwezigheid van vitaal myocard niet uit. Een eerste evaluatie met een
tust echocardiogram kan de aanwezigheid van vitaal weefsel al uitsluiten wanneer de
einddiastolische wanddikte 6 mm of minder is. In gebieden met Q@ golven en een
einddiastolische wanddikte groter dan 6 mm is echter een aanvullende test nodig, omdat 38%
van deze gebieden geen vitaliteit toonde fijdens dobutamine stress echocardiografie.

Vervolgens werd in hoofdstuk 5 de myocardvitaliteit bepaald in gebieden met
golven bij patiénten met ischemische cardiomyopathie, die hartfalen als het belangrijkste
symptoom hadden, door middel van dual-isotope SPECT. De patiénten ondergingen een rust
echocardiogram om dysfunctioneel myocardweefsel vast te stellen en dual-isotope nucleaire
beeldvorming om de myccardiale perfusie en het glucose metabolisme te bepalen. Volgens
FDG SPECT afbeeldingen van het metabolisme was er nog vitaal weefsel aanwezig in een
groot gedeelte (61%) van de dysfunctionele gebieden met chronische Q golven. Chronische
golven op het electrocardiogram wiyzen dus miet eenvoudigweg op ureversibel verlittekend
myocardweefsel.

In hoofdstuk 6 wordt de aanwezigheid van een contractieie reserve in respons op
dobutamine infusie bestudeerd in patiénten met stunned en hibernating myocardweefsel.
Dysfunctioneel myocard werd vastgesteld met een echocardiogram in rust, de dysfunctionele
segmenten werden vervolgens geévalueerd op de aanwezigheid van stunned of hibemating
myocardweefsel met dual-isotope SPECT. De aanwezigheid van contractiele reserve werd
vastgesteld met dobutamine stress echocardiografie. Confractiele reserve was aanwezig in
61% van de stunned segmenten en in 51% van de hibernating segmenten. Patignten met
ernstig hartfalen (NYHA. functie klasse III-1V) hadden minder vaak een behouden contractiele
reserve vergeleken met patiénten met een geringere vorm van hartfalen. Contractiele reserve
was afwezig in de meerderheid van de verlittekende segmenten; slechts 14% wvan de
verlittekende segmenten had een contractiele reserve. Bovendien was een behouden
contractiele reserve gerelateerd aan de uitbreiding van het litteken, een niet-transmuraal
litteken liet vaker contractiele reserve zien dan een transmuraal litteken. De progressieve
vermindering van contractiele reserve in stunned, hibernating, niet-transmuraal en transmuraal
littekenweefsel, steunt de hypothese dat stunning, hibernation en littekenweefsel geen scherp
omschreven pathosfysiologische begrippen zijn, maar een geleidelijke hoeveelheid schade op
het niveau van de myocyten vertegenwoordigen.

In hoofdstuk 7 wordt de toepasbaarheid en de beeldkwaliteit van dual-isotope SPECT
na orale toediening van acipimox voor de evalvatie van myocardvitaliteit bij patiénten met
diabetes mellitus vastgesteld. De onderzoekspopulatie bestond uit 70 patiénten, waarvan
subgroepen van patiénien met insulineafhankelijke en non-insulineafhankelijke diabetes
mellitus werden bestudeerd. Zoals verwacht waren de uitgangsglucosewaarden hoger bij
patiénten met diabetes. Bij patiénten met een plasma glucosewaarde >9 mmol/L werd extra
insuline toegediend. Een orale dosis acipimox verlaagde vrije vetzuur concentraties effectief
bij patiénten met en zonder diabetes. Er werden geen ernstige bijwerkingen van acipimox
gezien. De beeldkwaliteit (bepaald met de myocard versus achtergrond ratio) was
vergelijkbaar in beide groepen patiénten. Het type diabetes (insulineafhankelijke en non-
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insulineathankelijke diabetes) had geen invleed op de FDG beeldkwaliteit. FDG SPECT is
een veilige en klinisch nuttige methode en biedt een goede beeldkwaliteit om de
myocardvitaliteit vast te stellen, zelfs bij patiénten met diabetes mellitus.

In boofdstuk 8 worden de klinische implicaties van segmenten met een intacte perfusie
zonder confractiele reserve wvastgesteld. Patiénten met ischemische cardiomyopathie
ondergingen een coronaire bypass operatie en werden geévalueerd met nucleaire
beeldvorming en lage-dosis dobutamine stress echocardiografie. De bevindingen werden
gerelateerd aan de verbetering van functie, die 9-12 maanden na de coronaire bypass operatie
werd bepaald. In 51% van de chronisch dysfunctionele segmenten was er een intacte perfusie
en 31% van de dysfunctionele segmenten had een behouden contractiele reserve. De
meerderheid van de segmenten met een verbeterde contractiele functie na de revascularisatie
had een behouden perfusie en contractiele reserve. Segmenten met beide eigenschappen
hadden een hoge kans op functieherstel na revascularisatie (66% van deze segmenten had een
functie verbetering). Bij segmenten zonder intacte perfusie en contractiele reserve was de
kans op functicherstel na revascularisatie laag {95% van de segmenten zonder perfusie en
contractiele reserve hadden geen functieherstel). Segmenten met een behouden perfusie
zonder contractiele reserve hadden ook een kans op functicherstel. Aanvullende tests moeten
ontwikkeld worden om het functicherste]l na revascularisatic in deze segmenten te
voorspellen.

Deel 2: Prognose

In hoofdstuk 9 wordt de lange-termijn prognostische waarde van dobufamine stress
99mTe-sestamibi SPECT bij patiénten met een beperkte inspanningscapaciteit gepresenteerd.
De prognostische waarde van stress 99mTc-sestamibi beeldvorming is reeds onderzocht in
verschillende patiénten groepen met een korte of middellange termijn. De gemiddelde vervolg
termijn van dit onderzoek is § + 1.4 jaar in vergelijking tot een gemiddelde termijn van 0.8
3.6 jaar na inspanning en (.8-2.3 jaar na farmacologische stress 99mTc-sestamibi SPECT in
eerdere onderzoeken. De jaarlijkse kans op cardiale dood, cardiale dood of een
myocardinfarct, en cardiale dood of een myocardinfarct of een coronaire revascularisatie was
0.9%, 1.2%, en 1.5% respectievelijk na een normale scan, en 2.7%, 3.4%, en 4.4% na een
afwijkende scan (P<0.05). De belangrijkste bevinding van dit onderzoek is dat de
prognostische waarde van dobutamine stress 99mTc-sestamibi SPECT behouden blijft tijdens
lange-termijn vervolgonderzoek. Univariabel and multivariabel Cox proportionele regressie
analyse toonde dat 99mTe-sestamibi SPECT meer informatie biedt dan klinische en stress test
parameters gedurende de gehele follow-up periode van 8 jaar. Niet alleen de aanwerzigheid
van een afwijkend perfusie, maar ook de uitbreiding en de ernst van een perfusie defect
verschaffen een toegevoegde prognostische waarde.

In hoofdstuk 10 wordt de waarde van dobutamine stress ° "Tc-tetrofosmin nucleaire
heeldvorming voor het voorspellen van late cardiale aandoeningen vastgesteld. Een groep van
721 patiénten met een beperkte inspanningscapaciteit onderging dobutamine stress Fme.
tetrofosmin SPECT. De kans op een cardiale dood was 1% per jaar bij patiénten met een
normale scan en 5.1% per jaar bij patiénten met een afwijkende scan (P<0.0001). Een
multivariabel Cox model toonde dat de aanwezigheid van een afwijkende perfusic was
gerelateerd aan een verhoogd risico op een cardiale dood, na correctie voor de klinische en
stress test informatie (hazard ratie 8.2, CI 3.2-21).
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Diabetes mellitus is een belangrijke risicofactor voor coronaire hartziekten. In
hoofdstuk 11 bepaalden we de prognostische waarde van ™ T¢ nucleaire beeldvorming bij
207 patignten met diabetes mellitus die niet in staat waren om een mspanningstest te
volbrengen. Gedurende een follow-up periode van 4.1 + 2.4 jaar, trad er cardiale dood op bij 2
van de 69 (3%) patiénten met een normale myocard perfusie en bij 34 van de 125 (27%)
patiénten met perfusie afwijkingen (P<0.0001). Een multivariabel Cox model toonde dat de
aanwezigheid van een afwijkende scan een toegevoegde prognostische waarde had voor het
voorspellen van een cardiale dood (hazard ratio = 7.2 95% CI 1.7-30}, boven klinische en
stress test gegevens. De stress score was ook een belangrijke voorspeller van cardiale dood.

In hoofdstuk 12 wordt de toegevoegde waarde van inspannings ° “Te-tetrofosmin
SPECT voor het voorspellen van cardiale aandoeningen geévalueerd. Een groep van 655
patiénten werd gevolgd gedurende 4 + 1.3 jaar. Een afwijkende scan was een onafhankeljjke
voospeller van cardiale dood en bood een toegevoegde waarde naast de klinische en
inspannings test gegevens. The stress score bood ook toegevoegde prognostische informatie
naast de Kkhinische gegevens. Een abnormale scan en de stress score waren sterke
onafthankelijke voorspellers voor het gecombineerde eindpunt van cardiale dood, infarct, of
coronaire revascularisatie. Inspannings ° Tc-tetrofosmin SPECT onderzoek, naast klinische
gegevens, biedt een toegevoegde informatie voor het voorspellen van cardiale aandoeningen
bij patiénten met bewezen of vermoedelijke coronaire hartziekten.

Patiénten met normale inspannings *Te-sestarnibi SPECT scans hebben een gunstige
prognose op middellange termijn. We stelden de incidentie en voorspellers van {cardiale)
sterfte vast, §edurende een lange-termijn follow-up (74 = 1.8 jaar) na een normale
inspannings *™Tc-sestamibi scan bij een groep van 218 patiéntenn. Multivariabele analyse
toonde dat een voorgeschiedenis met coronaire hartziekte en een lage hartfrequentie tijdens
inspanning cnafhankelijke voorpellers zijn van cardiale aandoeningen. Leeftijd en
hartfrequentie tijdens inspanning zijn onafthankelijke voorspellers voor de totale maortaliteit.
De jaarlijkse mortaliteitskans was 0.6% in de eerste 5 jaar en 1.8% van het zesde tot het
achtste jaar. De kans op cardiale dood of een myocardinfarct was 0.7% in de eerste 5 jaar en
1.3% fssen het zesde en achtste jaar. Een hartfrequentie tijdens inspanning <130/min is de
grenswaarde die patiénten verdeelt wat betreft hun sterfierisico en de kans op een
myocardinfarct. De jaarlijkse mortaliteit en kans op een myocardinfarct is minder dan 1%
gedurende een vervolgperiode van 5 jaar na een normale inspannings sestamibi scan. Tijdens
deze periode lijkt het daarom niet nodig om de test te herhalen bij patiénten met een normale
scan. Patiénten met een voorgeschiedenis van coronaire hartzickten en zij die een
hartfrequentie tijdens inspanning <130/min hebben dienen intensiever gevolgd te worden.

In hoofdstuk 14 wordt het prognostische belang van reversibele perfusie afwijkingen
bij patiénten zonder angina pectoris tijdens de dobutamine stress “™Tc-sestamibi SPECT test
gepresenteerd. Dit onderzoekt richt zich op de cardiale aandoeningen bij 224 patiénten met
een compleet of gedeeltelijk reversibel perfusie defect. Angina trad bij 93 (42%) patiénten op
tijdens de dobutamine stress test (groep met symptomatische ischernie). De 131 patiénten
zonder angina vertegenwoordigden de groep met stille ischemie. Fr was geen significant
verschil tussen patiénten met en zonder angina wat betreft de stress perfusie score, of de
ischemie score. Tijdens een vervolgperiode van 7.2 jaar, trad cardiale dood op bij 14 (15%)
patiénten met en bij 21 (16%} pati€nten zonder angina. Een niet-fataal myocardinfarct trad op
bij 8 (5%) patiénten met en 13 (10%) patiénten zonder angina. Een multivariabele analyse van
klinische en perfusie gegevens, toonde dat leeftijd, diabetes mellitus en de ischemie perfusie
score onafhankelijke voorspellers voor cardiale aandoeningen waren. Patiénten met stille

194



ischemie gedefinieerd als reversibele perfusie defecten zonder angina tijdens de dobutamine
stress sestamibi SPECT test hebben een vergelijkbare hoeveelheid ischemie en een
vergelijkbare kans op cardiale aandoeningen als patiénten met symptomatische ischemie. De
afwezigheid van angina pectoris bij patiénten met een reversibel perfusiedefect moet daarorm
niet gezien worden als een teken dat wijst op een gunstige prognose,

Deel 3: Nieuwe technieken

In hoofdstuk 15 wordt de invloed van contractiele reserve van het linker ventrikel op
atrium natriuretisch peptide (ANP) en brein natriuretisch peptide (BNP) bestudeerd. De
plasma concentraties van ANP en BNP werden bepaald bij 66 opeenvolgende patiénten met
hartfalen. Bij alle patiénten werd een rust echocardiogram gemaakt om de linker ventrikel
gjectie fractie (LVEF) te bepalen. Contractiele reserve werd vastgesteld met lage-dosis
dobutamine stress echocardiografie. Plasma concentraties van beide natriuretische peptiden
waren hoger in patiénten met een LVEF<35% vergeleken met patiénten met een LVEF>35%.
De aanwezigheid van contractiele reserve beinvloedde de concentratie van de natriuretische
peptiden bij patiénten met wandbewegingsstoornissen. Patiénten met een behouden
myecardiale contractiele reserve hadden lagere ANP en BNP niveaus dan patiénten zonder
contractiele reserve. Plasma natriuretische peptide concentraties zijn dus verhoogd bij
patiénten met een dysfunctie van de linker ventrikel. Echter, in aanwezigheid van een
behouden myocardiale contractiele reserve waren de ANP en BNP concentraties relatief laag.

In hoofdstuk 16 hebben we de diagnostische mogelijkheden van een draaghaar
echoapparaat geévalueerd voor het screenen op linker ventrikel hypertrofie. Bij 100 patignten
met hypertensie werd een echocardiogram gemaakt met een draagbaar echoapparaat. Een
standaard echocardiografiesyteem werd gebruikt als referentiemethode. De patiénten hadden
gemiddeld 13 £ 11 jaar hypertensie. De overeenkomst tussen het standaard echocardiografie
systeem en het draagbare apparaat voor het vaststellen van linker ventrikelhypertrofie was
93%. Draagbare echoapparaten kunnen effectief ingezet worden om te screenen op linker
ventrikel hypertrofie bij patiénten met hypertensie. Deze apparaten zijn relatief goedkoop en
kunnen deel vitmaken var het klinische onderzoek bij patignien met een hoog risico voor
linker ventrikel hypertrofie.

Hoofdstuk 17 beschrijft de screeningsmogelijlkcheden van draagbare echoapparaten
voor het opsporen van linker ventrikel dysfunctie. De belangrijkste bevinding was dat het
schatten van de LVEF met een draagbaar echoapparaat een gevoelig instrument is voor het
screenen op LV dysfunctie, Draagbare echoapparaten kunnen een onderdeel worden van het
lichamelijk onderzoek. Echocardiografie wordt zo voor meer patignten beschikbaar en een
screeningsprogramma voor het opsporen van patiénten met LV dysfunctie wordt mogelijk.
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