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OUTLINE OF THE THESIS 

 
Part I 
 
In patients with ischemic cardiomyopathy, the presence of a substantial amount of viable 

myocardium is associated with a high likelihood of improvement in left ventricular ejection fraction 

(LVEF) after coronary revascularization. However, in the daily practice not all patients with viable 

myocardium do improve in LVEF after revascularization. The mechanisms that may play a role in 

preventing the improvement in LVEF after revascularization are unclear and have been investigated 

in the Part I of this thesis. 

First, in chapter 2, it was evaluated whether the presence of subendocardial scars (showing 

sustained improvement of function during dobutamine stress echocardiography) may prevent the 

improvement of regional function after revascularization. 

Next, in chapter 3, it has been assessed the role of the extent of scar tissue (showing no 

change in contraction during dobutamine infusion) in prohibiting improvement of LVEF in 108 

patients with ischemic cardiomyopathy. The aim of the study was to evaluate whether the extent of 

scars may limit the effect of viable myocardium on improvement of LVEF after revascularization. A 

model was developed considering the interaction between scarred myocardium and viable 

myocardium in the prediction of improvement in LVEF (scar-to-biphasic model).  

In chapter 4, the importance of the timing of revascularization was considered. The study 

population (85 patients) was divided in 2 groups according to the waiting time for revascularization: 

the early revascularization group consisted of 40 patients who underwent revascularization within 30 

days from assessment of viability; the late revascularization group consisted of 45 patients with a 

waiting time >30 days. The outcome of revascularization was compared in the two groups. 

Next step was to evaluate the role of LV dilatation in prohibiting improvement in LVEF. In 

chapter 5, the relation between the end-systolic volume before revascularization and the LVEF after 

revascularization was assessed in 118 patients with ischemic cardiomyopathy.  

Finally, as described in chapter 6, the combined effect of viable myocardium and LV 

dilatation on the outcome of revascularization was studied in a population of 79 patients who were 

referred for surgical revascularization. In this study, the assessment of myocardial viability was 

performed by 18F-deoxyglucose single photon emission computed tomography.  

Part II 
Besides improvement of LVEF, alternative end-points of revascularization may be of clinical 

interest. Thus, Part II of the thesis deals with the additional benefits of revascularization of viable 

myocardium beyond improvement of LVEF.  
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In chapter 7, we evaluated whether in patients with ischemic cardiomyopathy and viable 

myocardium, coronary revascularization may result in prevention of ongoing LV remodeling even 

though LVEF does not improve. In this study, myocardial viability was assessed by dobutamine 

stress echocardiography in 106 patients who were referred for revascularization. LVEF and LV 

volumes were assessed before and serially after revascularization at 1 and 5 years in order to 

evaluate the occurrence of LV remodeling.  

In chapter 8, the improvement of stress LVEF rather than rest LVEF after coronary 

revascularization was investigated in a population of 50 patients with ischemic cardiomyopathy and 

a substantial amount of viable myocardium. The study population was divided in 2 groups according 

to the presence of a significant improvement in rest LVEF after revascularization. Improvement of 

stress function during low-high dose dobutamine stress echocardiograpy after revascularization was 

compared in the 2 groups. 

Next, whether improvement of LVEF does persist during the long-term follow-up was 

evaluated in chapter 9. Also in this study the occurrence of improvement of LVEF late after 

revascularization in patients without early improvement in LVEF was investigated. 

The next issue addressed in this thesis was the occurrence of improvement of heart failure 

symptoms after revascularization. In particular, it was evaluated whether improvement in heart 

failure symptoms may occur in those patients with viable myocardium who do not improve in LVEF 

after revascularization (chapter 10). 

Subsequently, the effect of coronary revascularization on prognosis of patients with ischemic 

cardiomyopathy was prospectively investigated. In particular the long-term prognosis (up to 5 years) 

of 129 patients with ischemic cardiomyopathy undergoing coronary revascularization and the 

relation to viability and ischemia during dobutamine stress echocardiography was evaluated in 

chapter 11. 

In addition, to evaluate whether improvement in LVEF after revascularization does affect 

long-term prognosis, in chapter 12, we prospectively studied a population of 97 patients with 

ischemic cardiomyopathy already scheduled to revascularization. All patients underwent 

dobutamine stress echocardiography before revascularization to assess myocardial viability. The 

study population was divided in 3 groups according to the presence of myocardial viability and 

improvement of LVEF after revascularization. Cardiac events were evaluated during a 4 years 

follow-up in the 3 groups. 

Finally, the interaction between myocardial viability and diabetes mellitus (a well established 

risk factor for poor prognosis) on long-term prognosis after revascularization was evaluated in 

chapter 13.
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Individual Prediction of Functional 

Recovery After Coronary 
Revascularization in Patients With 

Ischemic Cardiomyopathy: The Scar-to- 

Biphasic Model 

Vittoria Rizzello, MD, Arend F.L. Schinkel, MD, Jeroen J. Bax, MD, Eric Boersma, PhD, 
Manolis Bountioukos, MD, Eleni C. Vourvouri, MD, Boudewijn Krenning, MD,Eustachio 
Agricola, MD, Jos R.T.C. Roelandt, MD, and Don Poldermans, MD 

Currently, the prediction of improvement of left ventricular 
(LV) ejection fraction (EF) after revascularization in patients 
with ischemic cardiomyopathy relies only on viable myo-
cardium extent, whereas both the amount of viable and 
scar tissue may be important. A model was developed, 
based on the amount of viable and nonviable myocar-
dium, to predict functional recovery. Viable and scarred 
myocardium was defined by dobutamine stress echocar-
diography (DSE) in 108 consecutive patients. LVEF before 
and 9 to 12 months after revascularization was assessed 
by radionuclide ventriculography; an improvement of 
>5% was considered significant. In the 1,089 dysfunc-
tional segments (63%), DSE elicited biphasic response in 
216 segments (20%), sustained improvement in 205 (19%), 
worsening in 43 (4%), and no change in 625 (57%). LVEF 
improved in 39 patients (36%). Only the numbers of bi-
phasic and scar segments were predictors of improvement 
or no improvement of LVEF (odds ratio 1.5, 95% confi- 

dence interval 1.2 to 1.7, p < 0.0001 for biphasic seg-
ments; odds ratio 0.8, 95% confidence interval 0.7 to 0.9, 
p <0.0005 for scarred segments). The sustained improve-
ment and worsening pattern were not predictive of im-
provement or no improvement. A regression function, 
based on the number of scar and biphasic segments, 
showed that the likelihood of recovery was 85% in patients 
with extensive biphasic tissue and no scars and 11% in 
patients with extensive scars and no biphasic myocardium. 
Patients with a mixture of scar and biphasic tissue had an 
intermediate likelihood of improvement (50%). In patients 
with ischemic cardiomyopathy and a mixture of viable and 
nonviable tissue, both numbers of viable and nonviable 
segments should be considered to accurately predict func-
tional recovery after revascularization. ©2003 by Ex-
cerpta Medica, Inc. 

(Am J Cardiol 2003;91:1406-1409) 
  

hronic coronary artery disease is the cause of left 
ventricular (LV) dysfunction in most patients with 

heart failure. Morbidity and mortality in these patients 
is high, and the prognosis is related to the degree of 
LV dysfunction.1-3 Patients with a substantial amount 
of dysfunctional but viable myocardium may benefit 
from revascularization.3-11 Dobutamine stress echo-
cardiography (DSE) is a clinically useful method to 
identify dysfunctional but viable myocardium.10,12,13 

Previous studies showed that the biphasic response is 
the strongest predictor of improvement after revascu-
larization, whereas patients with only scar tissue will 
probably not benefit from revascularization. 13-16 Most 
patients referred to DSE for the assessment of viability 
have a mixture of viable and nonviable myocardium. 

From the Department of Cardiology, Thoraxcenter, Erasmus 
MC, Rotterdam, The Netherlands; The Catholic University of 
the Sacred Heart, Rome, Italy; and the Department of 
Cardiology, Leiden University Medical Center, Leiden, The 
Netherlands. Manuscript received December 27, 2002; 
revised manuscript received and accepted March 14, 
2003. 

Address for reprints: Don Poldermans, MD, PhD, 
Department of Cardiology, Thoraxcenter Room Ba 300, 
Erasmus MC, Dr. Molewaterplein 40, 3015 GD Rotterdam, 
The Netherlands. E-mail: d.poldermans@erasmusmc.nl. 

Currently, the individual likelihood of LV ejection 
fraction (LVEF) recovery after revascularization, ac-
cording to the proportions of both viable and nonvia-
ble tissue, is unknown. In the present study, we de-
veloped a model based on the individual number of 
scar and biphasic segments during DSE to predict the 
potential of functional recovery in patients with isch-
emic cardiomyopathy who underwent revasculariza-
tion. 

METHODS 
Patient population and study protocol: The study 

population consisted of 108 consecutive patients with 
chronic coronary artery disease and LV dysfunction 
(LVEF <40%) already scheduled for revasculariza-
tion. Patients with idiopathic cardiomyopathy or 
significant valvular heart disease were excluded. 
The LVEF was assessed by radionuclide 
ventriculography. All patients underwent 2-
dimensional echocardiography at rest to identify 
regional dysfunction, followed by DSE to assess 
myocardial viability in dysfunctional regions. Nine to 
12 months after revascularization, radionuclide 
ventriculography was repeated to evaluate changes 
in LVEF. The local ethics committee approved

C 
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the protocol and all patients gave informed 
consent. 

Two-dimensional echocardiography at rest: All 2-di-
mensional echocardiograms were performed 
using a Sonos-5500 imaging system (Hewlett-
Packard, An-dover, Massachusetts) equipped 
with a 1.8-MHz transducer using second 
harmonic imaging to optimize endocardial 
border visualization. Standard parasternal and 
apical views of the left ventricle were obtained as 
described by the American Society of 
Echocardiography.17 

Dobutamine stress test: Dobutamine was 
adminis-tered intravenously, starting at a dose of 5 
µg/kg/min for 5 minutes, followed by 10 
µg/kg/min for 5 minutes. Subsequently, 
incremental dobutamine doses of 10 µg/kg/min 
were given at 3-minute intervals up to a maximum 
dose of 40 µg/kg/min. If the test end point was not 
reached at the maximum dose of dobutamine, 
atropine (up to 2 mg) was administrated 
intravenously. Blood pressure, cardiac rhythm, 
and ST segment were continuously monitored. 
Test end points were: achievement of target heart 
rate, extensive new wall motion abnormalities 
(involving multiple locations),18 horizontal or 
downsloping ST-segment depression (>2 mm 
compared with baseline), severe angina, systolic 
blood pressure decrease >40 mm Hg, blood 
pressure >240/120 mm Hg, or significant (su-
pra)ventricular arrhythmia. Metoprolol (1 to 5 
mg intravenously) was available to reverse the 
effects of dobutamine or atropine. 

Assessment of myocardial viability: Off-line inter-
pretation was performed using cine loops that 
were displayed side-by-side in a quad-screen 
format. Two experienced reviewers, blinded to 
the clinical data, analyzed the images using the 
16-segment model according to the American 
Society of Echocardiography recommendations.17 
Regional wall motion and systolic wall 
thickening were scored using a 5-point grading 
scale: 1 = normal, 2 = mildly hypokinetic, 3 = 
severely hypokinetic, 4 = akinetic, and 5 = dys-
kinetic.10 Only severely dysfunctional 
segments (score 3 to 5) were subsequently 
evaluated for myocardial viability. Four patterns 
of wall motion responses were observed during 
DSE: 1 = sustained improvement, 2 = worsening, 
3 = biphasic response, and 4 = no change.13 
Segments with biphasic, sustained improvement 
or worsening wall motion response during DSE 
were considered viable, with the exception of 
akinesia becoming dyskinesia. This was 
considered a mechanical phenomenon.19 
Segments with unchanged wall motion were 
considered nonviable (scar) tissue.10,12,13 

Assessment of LVEF: LVEF was assessed by 
radio-nuclide ventriculography at rest before and 
9 to 12 months after revascularization. A small 
field-of-view γ camera system (Orbiter; Siemens, 
Erlangen, Ger-many) was used and oriented in a 
45° left anterior oblique position with a 5° to 10° 
caudal tilt. After the injection of technetium-99m 
(740 MBq), radionuclide ventriculography was 
performed at rest with the patient in the supine 
position. LVEF was calculated by standard 

methods (Odyssey VP; Picker, Cleveland, 
Ohio). An improvement in LVEF>5% after 
revascularization was considered significant.10 

Statistical analysis: All continuous data are ex-
pressed as mean ± SD and dichotomous data as 
percentage differences. Continuous variables 
were compared using Student's t test for paired 
and un-paired samples, as indicated. Logistic uni- 
and multivariate analyses were performed to 
evaluate the pre-dictive value of the echo 
patterns for improvement of LVEF after coronary 
revascularization. A regression function was 
elaborated, including the variables that were 
significant during multivariate analysis, to deter-
mine the likelihood of LVEF improvement in 
individual patients. The predictive value of each 
echo pattern and of our model was determined 
by the C-index, which indicates how well a 
model can predict functional recovery (C-index 
of 0.5 = not predictive at all; C-index of 1.0 = 
optimal predictive value).20 A p value <0.05 
was considered statistically significant. 

RESULTS 
     Patient characteristics and global LV  function:  
The clinical characteristics of the 108 patients are 
listed in Table 1. All patients were stable during 
the study, and no cardiac events occurred during 
the follow-up pe-riod. LVEF improved modestly 
but significantly 9 to 12 months after 
revascularization (34 ± 10% vs 36 ± 10%, p 
<0.05). Thirty-nine patients (36%) improved 
>5% in LVEF (from 31 ± 9% to 41 ± 10%, p 
<0.0001), whereas in the remaining 69 patients 
(64 %) LVEF decreased from 35 ± 10% to 33 ± 
10% (p <0.05). 

Regional LV dysfunction: Two-dimensional 
echocardiography at rest demonstrated severe 
regional dysfunction in 1,089 of 1,728 segments 
(63%). Six hun-dred twenty-nine segments 
(58%) exhibited severe hypokinesia, 456 
segments (42%) were akinetic, and 4 segments 
were dyskinetic (<1%). 

 
TABLE 1   Patients' Clinical Characteristics  
Clinical Characteristics (n = 108) 
Age (yrs) 60 ± 9.2 
Men 91 (84%)
Diabetes mellitus 12 (11%)
Smoker 34 (31%)
Systemic hypertension 94 (87%) 
Hypercholesterolemia* 61 (56%)
Previous coronary bypass 20 (18%)
Previous coronary angioplasty 18 (17%)
Heart failuret 108 (100%)
New York Heart Association functional class† 2.8 ± 0.5
LVEF 34 ± 10%
ACE-inhibitors 77 (71%)
β- blockers 66 (61%) 
Diuretics 82 (76%)
Nitrates 78 (72%)
Digoxin 19 (18%) 
Aspirin or anticoagulants 108 (100%) 

*Defined as a total cholesterol >6.4 mmol/L or treatment with lipid-lowering 
medications. 

†Defined according to Framingham criteria.21 
ACE = angiotensin-converting enzyme.  
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FIGURE 1. Likelihood of LVEF recovery after revascularization 
according to the number of scar and biphasic segments. The logistic 
regression formula applied was: likelihood of LVEF improvement = 
1/1 + e-x , where x is -0.36 + 0.34 X number of biphasic segments - 
0.17 X number of scars. 

Hemodynamic response during dobutamine stress 
testing: During DSE, there was a significant increase 
in heart rate during high-dose dobutamine infusion 
compared with baseline (71 ± 13 vs 129 ±14 beats/ 
min, p <0.0001). Overall, diastolic blood pressure 
decreased (80 ± 15 vs 74 ± 15 mm Hg, p <0.005) 
and systolic blood pressure did not significantly 
change (125 ± 15 vs 127 ± 15 mm Hg, p = NS). 

Assessment of myocardial viability: In 
dysfunctional segments, DSE showed a biphasic 
response in 216 segments (20%), a sustained 
improvement in 205 segments (19%), and a worsening 
in wall motion in 43 segments (4%). These 464 
segments (43%) were considered viable. No change in 
wall motion and thickening (scar tissue) during DSE 
was observed in 625 segments (57%). Univariate 
analyses showed that the number of segments with a 
biphasic response was predictive of improvement in 
LVEF after revascularization (odds ratio 1.5 per 
segment, 95% confidence interval 1.2 to 1.8, p 
<0.0001, C-index 0.76), whereas the number of 
segments with the scar pattern was predictive of no 
recovery (odds ratio 0.8 per segment, 95% confidence 
interval 0.7 to 0.9, p <0.0005, C-index 0.72). The 
sustained improvement and the worsening pattern 
were not predictive of improvement or no 
improvement (C-index 0.58 and 0.50, respectively). 
At multivariate analysis the number of biphasic and 
scarred segments were predictors of recovery or a lack 
of recovery, respectively (odds ratio 1.5, 95% 
confidence interval 1.2 to 1.7 for biphasic pattern; 
odds ratio 0.8, 95% confidence interval 0.7 to 0.9 for 
scar pattern, C-index 0.84). The likelihood of im-
provement in LVEF is shown in Figure 1 ; this is from 
the predictive model that is based on number of scar 
and biphasic segments. The likelihood of recovery of 
LVEF ranged from 11% (lowest likelihood) in the 
patients with 10 scarred segments and 0 biphasic 

segments to 85% (highest likelihood) in the patients 
with 0 scars and 6 biphasic segments. Patients with a 
small number of scarred and biphasic segments, as 
well as patients with extensive scar and biphasic tis-
sue, had an intermediate likelihood of improvement. 

DISCUSSION 
In this study, a logistic model was developed to 

predict recovery in LVEF after revascularization in 
patients with ischemic cardiomyopathy. Patients with 
a large number of biphasic segments without scars had 
the highest likelihood of functional improvement, 
whereas those with extensive scar and no biphasic 
response had the lowest likelihood. Limited number of 
scar and biphasic segments, as well as extensive scar 
and biphasic tissue, had an intermediate likelihood of 
improvement. An additional value over the usual pre-
diction by the number of biphasic segments was 
present. The relation of this model to other predictors 
(wall thickness, LV volumes, and deceleration time) 
may deserve further studies. 

During DSE, the biphasic pattern may indicate 
dysfunctional, viable segments in which the relatively 
impaired coronary reserve results in mild ultrastruc-
tural alterations.22 Relief of ischemia by revascular-
ization may allow the recovery of contraction. The 
scar pattern may reflect severe ultrastructural damage 
as loss of cardiomyocytes and fibrosis.23, 24 Accord-
ingly, in this study, the biphasic and scar patterns 
anticipated improvement or no improvement. Sus-
tained improvement and worsening patterns were not 
predictive of functional recovery. This may be due to 
several issues: sustained improvement during DSE 
may indicate the presence of subendocardial scar tis-
sue,25 which cannot recover function after revascular-
ization; worsening pattern may be due to a severely 
decreased coronary reserve 14, 15, 23 ; these segments 
may also not improve in function at rest. It remains of 
interest to determine whether stress function in these 
segments will improve after revascularization.16 
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Objective: To evaluate prospectively the response of left ventricular ejection fraction (LVEF) to high dose
dobutamine infusion in patients showing substantial viability, with and without improved resting LVEF after
revascularisation.
Methods: Before and 9–12 months after revascularisation, 50 patients with ischaemic cardiomyopathy
(LVEF 32 (8)%) and substantial myocardial viability (> 4 viable segments) underwent radionuclide
ventriculography and dobutamine stress echocardiography. Patients were divided into group 1, patients
with, and group 2, patients without significant improvement in resting LVEF (> 5% by radionuclide
ventriculography) after revascularisation. The response of LVEF during dobutamine stress echocardio-
graphy was compared in these two groups.
Results: Groups 1 and 2 were comparable in baseline characteristics, resting LVEF, and number of viable
segments (mean (SD) 7 (4) v 6 (2), not significant). After revascularisation, the LVEF response during
dobutamine stress echocardiography improved significantly in both groups (group 1, 34 (10)% to 56 (8)%;
group 2, 32 (10)% to 46 (11)%; both p , 0.001). Interestingly, although resting LVEF did not improve in
group 2, peak stress LVEF after revascularisation did (p , 0.001). Group 1 patients had, however, a
greater increase in peak stress LVEF (group 1, 22 (10)%; group 2, 13 (9)%; p , 0.01). New York Heart
Association and Canadian Cardiovascular Society classes decreased in both groups.
Conclusions: Although patients with viable myocardium did not always have improved rest LVEF after
revascularisation, peak stress LVEF improved. Assessment of improvement of resting function may not be
the ideal end point to evaluate successful revascularisation.

A
ssessment of myocardial viability is important in the
management of patients with ischaemic cardiomyo-
pathy. In patients with a substantial amount of viable

myocardium, left ventricular (LV) dysfunction is likely to
improve after coronary revascularisation.1 Improvement of
resting LV ejection fraction (LVEF) has often been used to
assess the success of coronary revascularisation of viable
myocardium.1–8 Previous studies have reported a variable
proportion of patients with viable myocardium with
improved LVEF after revascularisation, ranging from 36–
88%.3 5 Hence, resting LVEF does not always improve after
revascularisation despite the presence of substantial myo-
cardial viability. It has been suggested that contractile reserve
may improve during inotropic stimulation after revascular-
isation even though resting function does not improve.9 10

However, information about peak stress LVEF (as a marker of
cardiac stress performance) after revascularisation is lacking.
In particular, whether patients with viable myocardium who
do not have improved resting LVEF may have improved peak
stress LVEF after revascularisation is unknown. In the
present study, combined low and high dose dobutamine
stress echocardiography (DSE) was performed before and
after revascularisation to evaluate postoperative changes in
stress LVEF in patients with and without improvement in
resting LVEF.

METHODS
Study population
The study population consisted of 56 patients (44 men, mean
(SD) age 60 (11) years) with ischaemic cardiomyopathy

(LVEF 32 (8)%) and a substantial amount of viable
myocardium (> 4 segments, > 25% of the LV) who were
already scheduled for coronary revascularisation. Seven of
these patients had taken part in a previous study.11 All
patients had heart failure symptoms (mean (SD) New York
Heart Association (NYHA) class 3.1 (0.7)), and 70% had
accompanying angina pectoris (Canadian Cardiovascular
Society (CCS) class 2.5 (0.6)). A history of myocardial
infarction was present in 54 patients (96%). In these patients,
myocardial infarction had occurred > 6 months before the
study (median three years, range 0.7–22 years). The decision
for revascularisation was based on clinical grounds (symp-
toms, presence or absence of ischaemia, and angiographic
findings). Patients with severe (grade 3 to 4) mitral
regurgitation were not included. Revascularisation was
performed by coronary artery bypass grafting in 45 patients
(80%) and by angioplasty in 11 patients (20%). None of the
patients had a perioperative myocardial infarction. Two
patients (4%) died during the postoperative period (within
30 days) and four patients (one treated by angioplasty and
three treated by bypass surgery) were excluded because of
incomplete revascularisation according to the procedure
report. Therefore, the final study population consisted of 50
patients (40 men, mean (SD) age 61 (11) years). These
patients had complete revascularisation and were stable
during the study period.

Abbreviations: CCS, Canadian Cardiovascular Society; DSE,
dobutamine stress echocardiography; LV, left ventricular; LVEF, left
ventricular ejection fraction; NYHA, New York Heart Association; RNV,
radionuclide ventriculography
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Study protocol
The study protocol was prospectively designed to evaluate the
response of LVEF to dobutamine challenge before and after
revascularisation. DSE was performed one week before and
9–12 months after revascularisation. Radionuclide ventricu-
lography (RNV) was also performed before and 9–12 months
after revascularisation to assess improvement of resting LVEF
by an independent technique. b Blockers were not discon-
tinued before DSE and RNV. An improvement in LVEF > 5%
after revascularisation was considered clinically significant.5

According to the presence or absence of significant improve-
ment in resting LVEF after revascularisation, the patients
were divided into two groups: group 1, patients with
improved resting LVEF; and group 2, patients without
improved resting LVEF. Next, the response of LVEF during
dobutamine stress before and after revascularisation was
compared in these two groups. In addition, heart failure
symptoms and angina score were evaluated during the study
period. The local ethics committee approved the protocol and
all patients gave informed consent to participate in the study.

Assessment of LVEF
Before and 9–12 months after revascularisation, RNV was
performed to assess LVEF improvement by an independent
technique. RNV was performed at rest with the patient in the
supine position after the administration of 740 MBq of
99mtechnetium. Images were acquired with a small field of
view gamma camera (Orbiter; Siemens Corp, Iselin, New
Jersey, USA) oriented in the 45˚left anterior oblique position
with a 5–10˚caudal tilt. LVEF was calculated from the 45˚left
anterior oblique view by an automated technique. An
improvement in LVEF > 5% after revascularisation was
considered clinically significant.5

Dobutamine stress echocardiography
All echocardiograms were recorded by commercially available
equipment (Sonos 5500; Hewlett Packard, Philips Medical
Systems, Eindhoven, the Netherlands) with a second

harmonic 1.8–3.6 MHz transducer to optimise endocardial
border visualisation. Standard parasternal and apical views of
the LV were obtained12 at rest and at the end of each step of
dobutamine infusion. Dobutamine was administered intra-
venously as previously described,13 starting at a dose of 5 mg/
kg/min for five minutes, followed by 10 mg/kg/min for five
minutes. Subsequently, incremental dobutamine doses of
10 mg/kg/min were given at three minute intervals up to a
maximum dose of 40 mg/kg/min. Atropine (up to 2 mg) was
administered intravenously if the test end point was not
reached. Blood pressure, cardiac rhythm, and ST segment
were continuously monitored.
Test end points were achievement of target heart rate,

extensive new wall motion abnormalities, horizontal or down
sloping ST segment depression (> 2 mm compared with
baseline), severe angina, systolic blood pressure fall
. 40 mm Hg, blood pressure . 240/120 mm Hg, and sig-
nificant supraventricular or ventricular arrhythmia.
Metoprolol (1–5 mg intravenously) was available to reverse
the effects of dobutamine. Severely dysfunctional segments
(including severe hypokinesia, akinesia, and dyskinesia)
were evaluated for the presence of viability. Segments with
a sustained improvement in wall motion up to high dose
dobutamine and segments with a biphasic response or
worsening of wall motion during DSE were considered
viable.5 Segments with unchanged wall motion and segments
with akinesia becoming dyskinesia were considered non-
viable.5 A substantial amount of viable myocardium was
defined as the presence of > 4 viable segments.5 This
definition is based on previous work with receiver operating
characteristic curve analysis showing that recovery of
function may be predicted in the presence of > 4 viable
segments.5

Assessment of response in LVEF to high dose
dobutamine
The study results were analysed off line. LV volumes were
measured at rest and during low and high dose dobutamine

Table 1 Baseline characteristics

Group 1: improvers
(n = 26)

Group 2: non-improvers
(n = 24) p Value

Men 22 (85%) 18 (75%) NS
Age (years) 62 (12) 60 (12) NS
Previous MI 24 (92%) 24 (100%) NS
Q wave MI 20 (83%) 21 (87)% NS
Anterior MI 14 (54%) 15 (62%) NS
NYHA class 3.15 (0.8) 2.96 (0.7) NS
CCS class 2.57 (0.7) 2.67 (0.6) NS
Stenotic vessels 2.4 (0.7) 2.7 (0.6) NS
Smoking 12 (46%) 14 (58%) NS
Hypertension 22 (85%) 21 (87%) NS
Hypercholesterolaemia 16 (61%) 13 (54%) NS
Family history of CAD 13 (50%) 16 (67%) NS
Diabetes mellitus 1 (5%) 2 (8%) NS
Lipid lowering drugs 13 (50%) 10 (42%) NS
ACE inhibitors 17 (65%) 19 (79%) NS
Nitrates 22 (85%) 19 (79%) NS
b Blockers 16 (61%) 16 (67%) NS
Diuretics 12 (46%) 16 (67%) NS
Digoxin 4 (15%) 7 (29%) NS
Aspirin/anticoagulant 26 (100%) 22 (92%) NS
LVEF (%)* 33 (10) 32 (7) NS
LV end diastolic volume (ml) 160 (59) 194 (39) ,0.05
LV end systolic volume (ml) 105 (49) 135 (37) ,0.05
LV sphericity index� 0.58 (0.09) 0.61 (0.11) NS

Data are mean (SD) or number (%).
*Assessed by radionuclide ventriculography.
�Derived by the ratio of left ventricular (LV) short to long axis dimensions in the apical four chamber view.15

ACE, angiotensin converting enzyme; CAD, coronary artery disease; CCS, Canadian Cardiovascular Society;
LVEF, left ventricular ejection fraction; MI, myocardial infarction; NS, not significant; NYHA, New York Heart
Association.
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DISCUSSION
Improvement of LVEF after coronary revascularisation has
been described in variable proportions of patients with
ischaemic cardiomyopathy and substantial myocardial viabi-
lity. The findings in the present study showed that, although
resting LVEF did not improve in 48% of patients with
substantial viability, peak stress LVEF did improve compared
with before revascularisation.

Beneficial effect of coronary revascularisation on
resting LV function
Postoperative improvement of LV function has been con-
sidered the bench mark against which the preoperative
methods to assess viability are measured.8 Initial studies
showed that regional LV function improved after revascular-
isation, whereas in more recent studies global LV function
improved.8 It has become clear that substantial myocardial
viability is needed to obtain functional improvement.4–7 16 Bax
and colleagues5 showed that LVEF improved in 82% of
patients with substantial viable myocardium. However, other
studies have shown that resting LVEF does not always
improve after revascularisation.3 4 6–10 14 16 In the present
study, only patients with a substantial amount of viable
myocardium (at least 25% of the LV) were included. After
revascularisation, however, only 52% of the patients had
significantly improved resting LVEF. Similarly, in the study
by Pasquet and colleagues7 resting LVEF after revascularisa-
tion improved significantly in only 47% of patients shown by
low and high dose DSE and nuclear imaging to have
extensive viability.7 These varying percentages of patients
experiencing recovery in LVEF after revascularisation are
likely to be related to different characteristics of study
populations. In particular, besides myocardial viability,
additional factors may play a part in determining functional
recovery after coronary revascularisation. It has been shown
that the presence of extensive scar tissue may prohibit the
increase of LVEF after revascularisation, despite viable
myocardium.11 17 Accordingly, in the present study the extent
of scar tissue was larger in the patients who did not have
improved LVEF. Also advanced LV remodelling may limit the
improvement in LVEF despite the presence of viable
myocardium.2 18–20 In the present study, baseline LV end
diastolic and end systolic volumes were significantly larger in

patients who did not have improved LVEF after revascular-
isation. Finally, delayed revascularisation and graft occlusion
or restenosis after intervention may prevent functional
recovery of viable myocardium.21 22

Effect of coronary revascularisation on LVEF response
to dobutamine challenge
In the present study, resting LVEF improved in only 52% of
patients, despite the presence of substantial viability. It has
been suggested that, although resting function does not
improve, the contractile reserve may increase during ino-
tropic challenge after revascularisation.9 10 In the study by
Lombardo and colleagues,9 resting function did not improve
after revascularisation in 57% of the dysfunctional regions
shown by DSE to be viable before revascularisation. However,
the contractile reserve was observed to increase during low
dose dobutamine infusion in these regions after revascular-
isation. Elhendy and colleagues10 showed that LVEF during
low dose dobutamine challenge increased even in patients
who did not have improved resting LVEF after revascularisa-
tion. The responses of LVEF to high dose dobutamine after
revascularisation (representing cardiac stress performance)
have not been reported thus far.
In the present study, we evaluated the response of LVEF to

combined low and high doses of dobutamine infusion in
patients with (group 1) and without (group 2) improved
resting LVEF after revascularisation. Before revascularisation,
LVEF improved at low dose followed by a deterioration at
high dose dobutamine (biphasic response). After revascular-
isation, although resting LVEF did not improve in 48% of
patients with viable myocardium, peak stress LVEF did
improve. Therefore, postoperative DSE identified additional
patients who benefited from revascularisation in terms of
global stress function, even though resting function did not
improve. Although previous studies have shown that addi-
tional benefits (besides recovery of resting function) may be
present after revascularisation, the present study uniquely
showed that peak LVEF improved in patients without
improved resting LVEF.
In a previous study that used a comparable low and high

dose DSE protocol, Afridi and colleagues23 showed that the
wall motion score index at peak stress also improved in
patients without improved resting function (defined as an
improvement of the wall motion score by > 2 grades in at
least two contiguous segments). The findings in the present
study are in line with this observation and show the
beneficial effect of revascularisation on cardiac stress
performance. Relief of ischaemia by restoration of the
coronary flow reserve may be the mechanism responsible
for maintaining the contractile function up to peak stress.
This hypothesis is supported by data from Elhendy and
colleagues10 showing that the ischaemic score according to
thallium-201 imaging decreased significantly after revascu-
larisation in both patients with and patients without
improved resting LVEF. Also, in the study by Afridi and
colleagues,23 the majority of the improvement in stress wall
motion score occurred in patients with evidence of ischaemia
before revascularisation.
In line with previous studies, the observations in the

present study suggest that assessment of resting LVEF after
revascularisation may not be the ideal end point to evaluate
the success of coronary revascularisation. Assessment of
LVEF response to low and high dose DSE after revascularisa-
tion may be a more appropriate strategy to evaluate fully the
benefit of revascularisation. The improvement of LVEF up to
high dose dobutamine suggests the presence of a sustained
contractile reserve and the absence of significant ischaemia.
Preservation of contractile reserve and relief of ischaemia
may be important in improving the prognosis of patients with
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Figure 2 Bar graph showing the effect of revascularisation on heart
failure and angina symptoms. After revascularisation, New York Heart
Association (NYHA) and Canadian Cardiovascular Society (CCS)
classes improved significantly both in patients with (group 1) and in
patients without (group 2) improvement in resting LVEF.
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Relation of Improvement  in Left Ventricular Ejection Fraction Versus Improvement in Heart 

Failure Symptoms After Coronary Revascularization  in Patients With Ischemic 

Cardiomyopathy  

 

Vittoria Rizzello MD, Don Poldermans MD, Elena Biagini MD, Arend F.L. Schinkel MD, Abdou 

Elhendy MD, Antonio Maria Leone MD, Filippo Crea MD, Alexander Maat MD, Jos R.T.C. 

Roelandt MD, Jeroen J. Bax MD. 

 

ABSTRACT 

Background. It is unclear whether improvement in LVEF after revascularization of patients with 

viable myocardium always translates in an improvement in heart failure symptoms; this issue was 

the subject of the current study. 

Methods. 116 consecutive patients with ischemic cardiomyopathy and heart failure symptoms, 

underwent low-high dose dobutamine stress echocardiography to assess myocardial viability. 

Patients with ≥4 viable segments were considered to have substantial viability (viable patients). 

Patients with <4 viable segments were considered as nonviable patients. Before and 9-12 months 

after revascularization, radionuclide ventriculography was performed to assess LVEF improvement 

(an increase ≥5%); heart failure symptoms (NYHA class) were assessed at baseline and 12 months 

follow-up. 

Results. 55 patients had substantial viability. Follow-up was completed in 100 pts, since 16 died 

during follow-up. After revascularization, LVEF and NYHA class improved more often in viable as 

compared to nonviable patients (61% vs 16%, P<0.001 and 76% vs 20%, p<0.001, respectively). 

The majority  (80%) of viable patients with improvement in LVEF after revascularization 

demonstrated also an improvement in NYHA class. Interestingly, even 15 of 20 viable patients 

without improvement in LVEF exhibited improvement in NYHA class. On the other hand, most 

(83%) of nonviable patients who did not improve in LVEF after revascularization failed to improve 

in heart failure symptoms.  

Conclusions. Improvement in LVEF occurs in the majority of viable patients and is accompanied by 

an improvement in heart failure symptoms; however, some viable patients improve in NYHA class 

without an improvement in LVEF. 
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INTRODUCTION 

In patients with ischemic cardiomyopathy, assessment of myocardial viability allows 

identification of patients that may improve in left ventricular ejection fraction (LVEF) after coronary 

revascularization (1-3). Since LVEF is a strong determinant of prognosis, prediction of improvement 

in LV function after revascularization is a clinically relevant issue (4-5).  However, improvement in 

heart failure symptoms is also an important end-point after revascularization since it reflects 

patients’ quality of life (6). Various studies, using different techniques to assess myocardial 

viability, showed that patients with a substantial amount of viable myocardium are likely to improve 

in LVEF after revascularization (7-12). Some data are available suggesting that a significant 

improvement in heart failure symptoms is frequently observed after revascularization in patients 

with substantial viable myocardium but not in patients without viable myocardium (7, 12-15). The 

majority of the studies however only focused on the change in LVEF after revascularization, and 

whether improvement in LVEF is always associated with improvement in heart failure symptoms is 

currently unknown. Also, improvement in symptoms may occur in the absence of improvement of 

LVEF in viable patients, indicating that the benefit of revascularization extends beyond 

improvement of function. Accordingly, in the present study, the relationship between viability, on 

the one hand, and improvement in LVEF and/or heart failure symptoms, on the other hand, was 

evaluated in patients with ischemic cardiomyopathy undergoing revascularization.  

 

METHODS 

Study Population. The study population existed of 116 patients (96 men, mean age 60 ± 9 years) 

with ischemic cardiomyopathy (LVEF 30 ± 8 %) and symptoms of heart failure who were already 

scheduled for coronary revascularization. A history of myocardial infarction was present in 107 

patients (92%). In these patients, myocardial infarction had occurred ≥6 months before the study. 

The decision for revascularization was based on clinical grounds (symptoms, presence/absence of 

ischemia and angiographic findings). Patients with severe (3-4+) mitral regurgitation were not 

included.  

Study Protocol. The study protocol was prospectively designed as follows. Before 

revascularization, patients underwent dobutamine stress echocardiography (DSE) to assess 

myocardial viabilty. Radionuclide ventriculography was also performed before and 9 to 12 months 

after revascularization to assess improvement in resting LVEF. In addition, heart failure symptoms 

were evaluated before and  9 to 12 months after revascularization. The local ethics committee 

approved the protocol and all patients gave informed consent to participate to the study.  
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Dobutamine Stress Echocardiography. All echocardiograms were performed using commercially 

available equipment (Sonos-5500, Hewlett-Packard, Philips Medical Systems, Eindhoven, The 

Netherlands) with a second harmonic 1.8-3.6 MHz transducer to optimize endocardial border 

visualization. After acquisition of resting images, low-high dose DSE (up to 40 µg/kg/min plus 2 mg 

atropine, if necessary) was performed as described previously (16). Off-line measurement of LV 

end-diastolic and end-systolic volumes was performed  from the resting images by an independent 

investigator using the biplane Simpson’s rule (17).  Interpretation of DSE studies was performed 

off-line from cineloops, displayed side-by-side in a quad-screen format, by 2 experienced observers 

blinded to the clinical data. Inter- and intra-observer agreement for analysis of DSE studies were 92% 

and 94% respectively (18). Regional function was scored using a 16-segment-5-point scoring model: 

1=normal, 2=mildly hypokinetic, 3=severely hypokinetic, 4=akinetic, 5=dyskinetic (7). Only 

severely dysfunctional segments (score 3 to 5) were evaluated for the presence of viability. 

Segments with a sustained improvement in wall motion up to high-dose dobutamine and segments 

with a biphasic response or worsening of wall motion during DSE were considered viable (7). 

Segments with unchanged wall motion and segments with akinesia becoming dyskinesia were 

considered nonviable (7). A substantial amount of viable myocardium was defined as the presence 

of ≥4 viable segments (7).  

Assessment of Left Ventricular Ejection Fraction. Before and 9 to 12 months after 

revascularization, radionuclide ventriculography was performed to assess LVEF improvement by an 

independent technique. Radionuclide ventriculography was performed at rest with the patient in the 

supine position after the administration of 740 MBq of 99mtechnetium. Images were acquired with a 

small-field-of-view gamma camera (Orbiter, Siemens Corp, Iselin, NJ, USA), oriented in the 45° 

left anterior oblique position with a 5-10° caudal tilt. The LVEF was calculated from the 45° left 

anterior oblique view by an automated technique. An improvement in LVEF ≥5% after 

revascularization was considered clinically significant (7).  

Assessment of Heart Failure Symptoms. Before and 9 to 12 moths after revascularization, 

structured clinical interviews were performed, by an independent physician blinded to all data, to 

assess the severity of symptoms of heart failure according to the New York Heart Association 

(NYHA) criteria. 

Statistical Analysis. Continuous data are expressed as mean (SD) and dichotomous data as 

proportions. Continuous data were compared using the Student’s t test for paired and unpaired 

samples as indicated. Comparison of proportions was performed by chi-square analysis. A P value < 

0.05 was considered significant.  
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RESULTS 

Study Population. According to DSE, the study population was divided in 2 groups: Group 1 

consisted of 55 patients (47%) showing substantial myocardial viability (viable patients) and Group 

2 consisted of 61 patients with limited or no myocardial viability (nonviable patients). Coronary 

revascularization was performed by coronary artery bypass grafting in 43 (78%) patients in Group 1 

and in 52 (85%) patients  in Group 2 (P=NS). Percutaneous coronary intervention was performed in 

12 patients in Group 1 and in 9 patients in Group 2 (P=NS). Complete revascularization was 

obtained in all patients. Table 1 shows baseline clinical and echocardiographic characteristics of 

study population. Clinical characteristics and baseline LVEF were similar between the 2 groups of 

patients, however hypercholesterolemia was more frequently observed in Group 1. Resting 

echocardiography showed that also the number of severely dysfunctional segments was significantly 

higher in Group 1, whereas both end-diastolic and end-systolic volumes were comparable between 

the 2 groups.  

 

Table 1. Characteristics of the Study Population 
Characteristic Group 1 (55 patients) Group 2 (61 patients)  P value 
Age, years (mean±SD) 60±9 58±10 NS 
Men (%) 45 (82%) 51 (84%) NS 
New York Heart Association 
class (mean±SD) 

2.9±0.9 2.6±1 NS 

Previous myocardial infarction 
(%) 

49 (89%) 58 (95%) NS 

Stenosed vessels  (mean±SD) 2.6±0.7 2.4±0.7 NS 
Diabetes mellitus (%) 17 (31%) 11 (18%) NS 
Hypertension (%) 48 (87%) 51 (84%) NS 
Smoking (%) 25 (45%) 21 (34%) NS 
Hypercholesterolemia (%) 16 (29%) 33 (54%) <0.05 
LVEF (mean±SD) 30±8% 30±9% NS 
LV end-diastolic volume, ml 
(mean±SD) 

174±57 181±50 NS 

LV end-systolic volume, ml 
(mean±SD) 

121±32 115±45 NS 

Dysfunctional segments 
(mean±SD) 

12.8±4 9.4±4 <0.001 

Viable segments (mean ± SD) 7.4±2.3 1.4±1.2 <0.001 
Nonviable segments (mean ± 
SD) 

5.5±3.3 7.7±3.8 <0.05 

LVEF: left ventricular ejection fraction. 
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Assessment of Improvement in LVEF and NYHA Class after Revascularization. Sixteen 

patients died early after revascularization, including 4 patients in Group 1 and 12 patients in Group 2 

(P=0.09). In these patients, post-operative evaluation was not available. Therefore improvement in 

LVEF as well as NYHA class were evaluated in the remaining 100 patients (51 viable and 49 

nonviable patients). After revascularization, the LVEF improved slightly in the entire population 

(from 30±8% to 33±10%, P<0.05), however only 39 patients (39%) showed a clinically significant 

improvement in LVEF (defined as an increase ≥5%). Viable patients showed a significant 

improvement in LVEF more frequently (31 patients, 61%) as compared to nonviable patients (8 

patients,16%) (Figure 1). 

 

 Figure 1 
 

 

 

 

 

 

 

 

 

 

 

Improvement in NYHA class was also observed in the entire population after revascularization 

(from 2.7±1 to 2.3±0.9, P< 0.01). In particular, the NYHA class improved in 39 (76%) viable 

patients as compared to 10 (20%) nonviable patients (P<0.001, Figure 2). Improvement in HF 

symptoms occurred  in 17/23 (74%) patients showing a prevalent (≥4 segments) sustained 

improvement pattern at DSE and in 16/25 (64%) patients showing  a prevalent ischemic response 

(biphasic response or worsening) at DSE (P=NS). 
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Figure 2 

 

 

 

 

 

 

 

 

 

Relation between Improvement in LVEF and Improvement in NYHA Class.  Of the 51 viable 

patients, 31 (61%) had a significant improvement in LVEF; the majority of these patients (80%) 

exhibited also an improvement in NYHA class. However, of the 20 patients without an 

improvement in LVEF, the majority (75%) also demonstrated an improvement in NYHA class. The 

relation between changes in LVEF and NYHA class in the viable patients is shown in Figure 3.  

 
 
 
Figure 3 
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Of the 49 nonviable patients, only 8 (16%) improved in LVEF, whereas 41 (84%) did not improve 

in LVEF.  Of the patients with improvement in LVEF, the majority (62%) did not improve in 

NYHA class. Of the 41 patients without an improvement in LVEF, the majority (83%) did also not 

improve in NYHA class. The relation between changes in LVEF and NYHA class in the nonviable 

patients is shown in Figure 4. 

 

Figure 4 

 

 

 

 

 

 

 

 

 

 

Among nonviable patients, those who had an improvement in HF symptoms showed a lower number 

of severely dysfunctional segments (6.9±4.2 vs  9.9±3.6, P=0.05) and a smaller extent of scars at 

DSE (4.6±3.9 vs 8.3±3.5, P=0.01) as compared to those nonviable patients without improvement in 

HF symptoms. LV volumes and LVEF at baseline were comparable in nonviable patients with and 

without improvement in NYHA functional class. 

 
 DISCUSSION 

The observations in the present study illustrate that in patients with viable myocardium, 

improvement in LVEF after revascularization was accompanied by improvement in heart failure 

symptoms in the majority of patients (80%). However, the majority of  viable patients (75%) 

without improvement in LVEF also showed an improvement in NYHA class after revascularization, 

indicating that the benefit of revascularization is beyond improvement in LVEF. In contrast, the vast 

majority of nonviable patients did not improve in LVEF or NYHA class. 
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Viability versus Change in LVEF after Revascularization. In patients with ischemic 

cardiomyopathy, LVEF is a strong determinant of prognosis. Cardiac mortality increases 

proportionally to the severity of LV dysfunction (4-5). Moreover, although in the last decades 

medical treatment has improved significantly (due to the use of beta-blockers, ACE-inhibitors and 

spironolactone), patients with low LVEF still need frequent hospitalizations for worsening of heart 

failure (19-21). Coronary revascularization may represent a therapeutic option in this population (8). 

Several studies have demonstrated that assessment of myocardial viability may help to identify those 

patients who are likely to benefit from revascularization in terms of LVEF, heart failure symptoms 

and prognosis. From these studies it has become clear that patients with a substantial amount of 

viable myocardium (at least 25% of the LV) have a high likelihood of improvement in LVEF after 

revascularization, whereas patients with minimal or no viability are unlikely to benefit from 

revascularization in terms of improvement in LVEF (2, 3, 7-12, 22-23). Similar results were 

obtained in the current study: 61% of viable patients improved in LVEF, whereas 84% of nonviable 

patients did not improve in LVEF. However, only few studies have assessed both LVEF and heart 

failure symptoms after coronary revascularization (7,12, 22-24), and therefore the relationship 

between improvement in LVEF and heart failure symptoms after revascularization is unclear: does 

an improvement in LVEF always result in improvement of symptoms, and can symptoms improve 

in the absence of improvement in LVEF? 

Viability versus Change in Symptoms after Revascularization. The findings in the present study 

illustrate that an improvement in NYHA class after revascularization occurs more frequently in 

viable patients as compared to nonviable patients (76% versus 20%, respectively). In addition, the 

relation between improvement in LVEF and heart failure symptoms was evaluated on a patient 

basis. The results indicate that 80% of viable patients with improvement in LVEF after 

revascularization also exhibit an improvement in NYHA class. It appears that if improvement in 

LVEF is accomplished, improvement in heart failure symptoms frequently occurs. This is an 

important finding indicating that improvement in LVEF ≥5% after revascularization of viable 

patients is clinically meaningful since it translates in improvement in NYHA functional class in the 

majority of patients. On the other hand, the present study demonstrates that in viable patients 

improvement in heart failure symptoms may occur even in the absence of improvement in LVEF 

after revascularization. Whether viable patients without improvement in contractile function after 

revascularization may show improvement in heart failure symptoms was not evaluated in previous 

studies (7, 12, 22-24). Only Samady et al have reported that improvement in NYHA class occurred 

both in patients with and without improvement in LVEF after revascularization (24).  
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However in that study, information on myocardial viability was lacking and also assessment of 

LVEF was performed  early (within 6 weeks, median 7 days) after revascularization; some patients 

may need more time to improve in LVEF after revascularization (9). Still, the results in the current 

study demonstrate that after revascularization, 75% of viable patients without improvement in LVEF 

improved in NYHA class. This observation emphasizes that the benefit of revascularization of 

viable patients extends beyond improvement of function. The majority (80%) of nonviable patients 

did not improve in symptoms; these patients did also not improve in LVEF after revascularization 

(Figure 2). This observation further strengthens the hypothesis that improvement in symptoms is not 

a placebo-effect but is indeed related to the presence of substantial viability.  

Study Limitations. Some limitations of the present study need to be addressed. First, coronary 

angiography was not repeated after coronary revascularization. Therefore, graft occlusion or 

restenosis may have prohibited improvement in LVEF and heart failure symptoms. Heart failure 

symptoms were evaluated using the NYHA classification; this is to some extent a subjective 

classification which could potentially influence the results. Evaluation of six minute walking 

distance, VO2 max and quality of life may represent more objective parameters. However, the sharp 

contrast between the percentage of improvers in NYHA class in the viable patients as compared to 

the nonviable patients is reassuring that the NYHA class is clinically useful.  

Conclusions. The findings in the present study showed that improvement in LVEF after coronary 

revascularization translates in improvement in heart failure symptoms in the majority of viable 

patients. However, the majority of the viable patients without an improvement in LVEF also 

exhibited an improvement in NYHA class, emphasizing that the clinical benefit of revascularization 

of viable myocardium is more than just improvement in function. 
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ABSTRACT 

Background. In patients with ischemic cardiomyopathy, the presence of jeopardized myocardium 

(including viability and/or ischemia) is associated with favourable prognosis after revascularization. 

The relative merits of viability and ischemia for prognosis after revascularization are unclear, and 

this was evaluated in the current study. 

Methods. Low-high dose dobutamine stress echocardiography (DSE) was performed before 

revascularization in 128 consecutive patients with ischemic cardiomyopathy (mean left ventricular 

ejection fraction (LVEF) 31±8%). Viability (defined as contractile reserve, CR) and ischemia were 

assessed during low- and high-dose dobutamine infusion, respectively. Cardiac death was evaluated 

during a 5-year follow-up. Clinical, angiographic and echocardiographic data were analyzed to 

identify predictors of events. 

Results. Univariable predictors of cardiac death were the presence of multi-vessel disease (HR 0.21, 

P<0.001), baseline LVEF (HR 0.90, P<0.0001), the wall motion score index (WMSI) at rest (HR 

4.02, P=0.0006), low-dose (HR 7.01, P<0.0001) and peak-dose DSE (HR 4.62, P<0.0001), the 

extent of scar (HR 1.39, P<0.0001) and the presence of CR in ≥25% of dysfunctional segments (HR 

0.34, P=0.02). The best multivariable model to predict cardiac death included the presence of multi-

vessel disease, the WMSI at low-dose DSE and the presence of CR in ≥25% of the severely 

dysfunctional segments (HR 9.62, P<0.0001). Inclusion of ischemia to the model did not provide 

additional predictive value.  

Conclusions. The findings in the present study illustrate that in patients with ischemic 

cardiomyopathy, the extent of viability (CR) is a strong predictor of long-term prognosis after 

revascularization. Ischemia did not add significantly in predicting outcome. 
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INTRODUCTION 

Patients with chronic coronary artery disease and left ventricular (LV) dysfunction who 

undergo revascularization represent a high risk population. The prognosis is strongly related to the 

severity of LV dysfunction with a higher annual mortality in patients with impaired LV function (1-

3). Conversely, dysfunctional but jeopardized (viable and/or ischemic) myocardium may improve in 

contractile function after revascularization (4). Several studies demonstrated that when a substantial 

amount of viable and/or ischemic myocardium is present, patients may benefit from 

revascularization since improvement in LV ejection fraction (LVEF) is likely to occur (5-9). 

Therefore, assessment of myocardial viability/ischemia has become important in the decision to 

revascularize patients with ischemic cardiomyopathy. Moreover, it has been demonstrated that in 

patients with viable and/or ischemic myocardium, the prognosis is superior in patients undergoing 

revascularization as compared to patients who are treated medically (10-15). An important issue that 

remains to be determined is to what extent viability on the one hand and ischemia on the other hand 

determine the prognosis after revascularization. Recent data suggest that viability may be more 

important for  prognosis after revascularization as compared to ischemia (12-15). Moreover, studies 

with long-term follow-up after revascularization are scarce. Accordingly, we have evaluated the relative 

merits of viability and ischemia (using dobutamine stress echocardiography, DSE) for prediction of 

long-term prognosis after revascularization, over a 5-year follow-up period. 

 

METHODS 

Patient Population. The study population existed of 128 consecutive patients (105 men, 61+9 

years) with ischemic cardiomyopathy and heart failure symptoms. Patients were already scheduled 

for revascularization according to clinical criteria (symptoms, presence/absence of ischemia and 

angiographic findings). Patients with acute coronary syndromes and/or decompensated heart failure 

(defined as the need for intravenous inotropic support to sustain an adequate hemodynamic status) 

were not included in the study.  

Study Protocol. The study was prospectively designed to elucidate the long-term prognostic value 

of viability and ischemia in patients with ischemic cardiomyopathy who underwent coronary 

revascularization. Before revascularization (within 1 month), 2-dimensional echocardiography at 

rest was performed to identify baseline regional wall motion abnormalities, followed by low-high 

dose DSE to assess myocardial viability and ischemia in dysfunctional regions. Also, LVEF was 

assessed before revascularization by radionuclide ventriculography (RNV). Cardiac events (cardiac 

death, myocardial infarction and hospitalization for heart failure) were obtained up to 5 years of 

follow-up. The local ethics committee approved the protocol and all patients gave informed consent. 
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Resting and Low-High Dose Dobutamine Stress Echocardiography. Resting and DSE studies 

were performed using a Sonos-5500 imaging system (Philips Medical Systems, Eindhoven, The 

Netherlands) equipped with a 1.8 MHz transducer using second harmonic imaging to optimize 

endocardial border visualization. Standard parasternal and apical views of the LV were obtained 

(16). LV end-diastolic and end-systolic volumes (EDV and ESV, respectively) were measured from 

the 2- and 4-chamber views, using the biplane Simpson’s rule (16). All measurements were 

performed off-line by 1 experienced reader blinded to the patients’ data. Low-high dose DSE (up to 

40 µg/kg/min plus 2 mg atropine, if necessary) was performed as described previously (17). 

Medications, in particular beta-blockers, were not stopped before DSE. Interpretation of DSE 

studies was performed off-line from cineloops, by 2 experienced observers blinded to the clinical 

data. Inter- and intra-observer agreement for analysis of DSE studies were reported previously (92% 

and 94% respectively) (18). Regional function was scored using a 16-segment, 5-point scoring 

model: 1=normal, 2=mildly hypokinetic, 3=severely hypokinetic, 4=akinetic, 5=dyskinetic (17). The 

wall motion score index (WMSI) at rest, low-dose (10 µg/kg/min) and peak-dose DSE was 

calculated by dividing the summed wall motion score at each step by the number of segments. 

Assessment of Myocardial Viability and Ischemia. Myocardial viability was evaluated only in 

severely dysfunctional segments (score 3 to 5). Segments showing contractile reserve (CR) were 

considered viable (5, 19). CR was defined as an improvement by at least 1 point in the wall motion 

score, during DSE, without further worsening (5, 19). Dyskinesia becoming akinesia was not 

considered as CR (5, 19). The WMSI at low-dose DSE was considered a measure of CR. The lower 

the WMSI during low-dose DSE, the more extensive the CR. Ischemia was defined as the presence 

of a biphasic response (improvement in wall motion at low-dose followed by worsening at high-

dose dobutamine) or a worsening in wall motion at low- or high-dose dobutamine infusion (without 

any improvement of contraction at any stage) (5, 19). Nonviable myocardium (scar) was defined as 

severely dysfunctional myocardium without change during DSE; akinetic segments becoming 

dyskinetic were also considered scar tissue (5, 19). Patients showing CR in ≥25% of severely 

dysfunctional segments were considered to have substantial viability (CR+ patients). Conversely, 

patients showing CR in <25% of dysfunctional segments were considered to have minimal or no 

viability (CR- patients). This cutoff value was based on previous work using ROC curve analysis 

showing that recovery of function is likely to occur when ≥4 viable segments are present (5). 

Similarly, extensive ischemia was defined as the presence of ≥4 ischemic segments. 

Long-term Follow-up. The long-term follow-up was performed by chart review and telephone 

contact by an independent physician, blinded to all data. Events included: cardiac death, myocardial 

infarction and hospitalization for heart failure. Cardiac death was defined as sudden death, death due 
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to acute myocardial infarction or heart failure. Myocardial infarction was defined according to 

classical criteria (symptoms, electrocardiographic changes and elevated cardiac enzymes). 

Hospitalization for heart failure was defined according to the hospital discharge diagnosis. 

Statistical Analysis. Continuous data were expressed as mean ± SD and compared using the 

paired/unpaired Student’s t-test as appropriate. Percentages for categorical variables were rounded 

and compared using the chi-square test. Repeated measures were compared by ANOVA analysis. 

Uni- and multivariable logistic regression analysis were performed to identify pre-operative 

predictors of cardiac death and composite cardiac events (cardiac death, myocardial infarction and 

hospitalization for heart failure). The variables included in the analysis were: age, gender, diabetes, 

hypertension, hypercholesterolemia, smoking, medications (beta-blockers, angiotensin covering 

enzyme and nitrates), New York Heart Association (NYHA) functional class, presence of multi-

vessel disease, Q wave myocardial infarction, mode of revascularization, additional procedures in 

combination with surgical revascularization (aneurysmectomy, mitral valve repair), baseline LVEF, 

resting LVEDV and LVESV and WMSI at rest. In addition, the following continuous variables were 

included in the analysis: WMSI at low-dose and number of segments with CR (indicating the extent 

of viable myocardium); WMSI at peak-dose DSE, number of segments with a biphasic response or 

worsening of the wall motion and total number of ischemic segments (indicating the extent of 

ischemic myocardium); number of scar segments (indicating the extent of scar tissue). Finally, the 

presence of CR in ≥25% of severely dysfunctional segments (as categorical variable) was also 

included in the analysis. All variables, independently from the results of the univariable analysis, 

entered the multivariable stage. Multivariable regression was then performed by a stepwise 

backward deletion. All variables with a P-value <0.25 remained in the final model. The cardiac 

event rate during the 5-year follow-up was evaluated using Kaplan-Meier curve analysis. 

Differences between curves were tested with the log-rank chi-square statistics. For all tests, a P-

value <0.05 was considered significant.  

 

RESULTS 

Study Population. All patients presented with heart failure symptoms and 62% had associated  

angina pectoris. The NYHA and Canadian Cardiovascular Society class were 2.6±1.1 and 2.3±1.1, 

respectively. A history of myocardial infarction was present in 118 patients (92%). In these patients, 

myocardial infarction had occurred >6 months before the study entrance. Medication included 

angiotensin converting enzyme inhibitors in 69%, beta-blockers in 59% and nitrates in 72% of 

patients. Coronary revascularization was performed by percutaneous transluminal coronary 

angioplasty in 25 patients (19%) and by coronary artery bypass grafting in 103 patients (81%).  
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The left internal mammary artery was used in 98% of the patients. Mitral valve repair and LV 

aneurysmectomy (11 patients) were additionally performed in combination in 2 and 11 patients 

respectively.  

Myocardial Viability and Ischemia. During low-high dose DSE the target heart rate (85% of the 

age-predicted maximum heart rate) was achieved in 113 patients (88%). In particular, 68 of 76 

(89%) patients using beta-blockers and 45 of 52 (86%) patients not using beta-blockers achieved the 

target heart rate. Analysis of the DSE studies showed that CR was present in 523 (36%) severely 

dysfunctional segments, whereas in the remaining 874 (64%) segments CR was absent. Similar 

proportions of the patients with and without beta-blockers showed CR during low-dose DSE (34% 

vs 31%, respectively, P=NS). Ischemia was present in 257 segments (49%) with CR (biphasic 

response) and in 58 segments (7%) without CR that showed a worsening of the wall motion during 

high-dose dobutamine infusion. Extensive CR (in ≥25% of the dysfunctional segments) was present 

in 64 patients (CR+ patients) whereas the remaining 64 patients had minimal or no CR (CR- 

patients). Table 1 summarizes the clinical, angiographic and procedural characteristics of the 2 

groups.  

Table 1. Characteristics of CR+ and CR- Patients 
Characteristics CR+ 

64 Patients 
CR- 

64 Patients 
P-value 

Male (%) 46 (72) 54  (84) NS 
Age, years, mean±SD 62±9 62±10 NS 
CCS class, mean±SD 2.1±1.1 2.4±0.9 0.03 
NYHA class, mean±SD 2.7±1.0 3.1±0.8 NS 
History of MI (%) 57 (89) 61 (95) NS 
Diabetes (%) 10 (15) 5 (8) NS 
Smoking (%) 32 (50) 44 (69) 0.05 
Hypertension (%) 39 (61) 53 (83 ) <0.05 
Hypercholesterolemia (%) 25 (39) 31 (48) <0.001 
Stenotic vessels, n , mean±SD 2.5±0.7 2.4±0.7 NS 
Previous CABG (%) 15 (23) 6 (9) NS 
LVEF %, mean±SD 30±8 31±9 NS 
Aneurismectomy (%) 5 (8) 6 (9) NS 
PTCA (%) 15 (23) 10 (17) NS 
On-pump CABG 49 (77) 54 (83) NS 
Complete revascularization 63 (98) 62 (97) NS 

CABG: coronary artery bypass graft; CR: contractile reserve; CCS: Canadian Cardiovascular 
Society; LVEF: left ventricular ejection fraction; NYHA: New York Heart Association; PTCA: 
percutaneous transluminal coronary angioplasty. 
 
In addition, 55 CR+ (86%) and 17 CR- (27%) patients showed at least 1 ischemic segment during 

high-dose dobutamine infusion. Extensive ischemia was present in 34 (53%) CR+ and 4 (6%) CR- 

patients. In CR+ patients, the WMSI improved from 3.0±0.5 to 2.5±0.6 at low-dose and deteriorated 

to 2.9±0.6 at high-dose DSE, respectively (P<0.0001). In CR- patients, the WMSI was 2.7±0.7 at 



 

114  

rest, 2.5±0.7 at low-dose and 2.7 ±0.6 at high-dose DSE (P<0.001). The deltas in WMSI during low-

high dose DSE in the 2 groups are shown in Table 2. In CR+ patients the deltas at low- and high-

dose DSE were significantly higher as compared to CR- patients. 

 
Table 2. Echocardiographic Characteristics of CR+ and CR- Patients 

 Characteristics CR+ 

64 Patients 

CR- 

64 Patients 

P-value 

LV end-diastolic volume, ml, mean±SD 176±61 179±48 NS 

LV end-systolic volume, ml, mean±SD 122±54 113±44 NS 

WMSI at rest, mean±SD 3.0±0.5 2.7±0.7 <0.001 

Scar segments, n, mean±SD 5.4±2 7.3±4 <0.01 

Viable segments, n, mean±SD 7.21±2 1.7±1 <0.001 

∆ low-dose WMSI - rest WMSI -0.56±0.23 -0.15±0.24 <0.0001 

∆ peak-dose WMSI  - low-dose WMSI 0.45±0.42 0.14±0.31 <0.0001 

CR: contractile reserve; LV: left ventricular; WMSI: wall motion score index. 

 

Follow-up. During the 5-year follow-up period, cardiac death occurred in 27 patients (21%). In 9 

patients (2 CR+ patients [3%] and 7 CR- patients, [11%], P=NS) cardiac death had occurred in the 

early postoperative period (<30 days). In addition, 6 patients (4%) had non-cardiac death. In the 

survival analysis, these 6 patients were considered event-free and were censored at their date of 

death. Three patients (2%) experienced a new acute myocardial infarction and 15 (12%) patients 

were hospitalized for severe heart failure.  

Predictors of Cardiac Death. Predictors of cardiac death are shown in Table 3. Among the clinical 

variables (Table 3) the baseline LVEF (HR 0.90, P<0.0001) and the presence of multi-vessel disease 

(HR 0.21, P<0.001) were univariable predictors of cardiac death. Also diabetes mellitus showed a 

trend towards a higher rate of cardiac death (HR 2.42, P=0.07). Among the echocardiographic 

variables (Table 3), univariable predictors of cardiac death were the WMSI at rest (HR 4.02, 

P=0.0006), low-dose (HR 7.01, P<0.0001) and peak-dose DSE (HR 4.62, P<0.0001). Also the 

extent of scar was predictive of cardiac death (HR 1.39, P<0.0001), whereas the presence of CR in 

≥25% of severely dysfunctional segments was associated with a favourable prognosis (HR 0.34, 

P=0.02). The extent of ischemia was not predictive of cardiac death (HR 0.60, P=0.19). At 

multivariate analysis, the presence of multi-vessel disease (Chi-square 12.8, HR 0.20, P<0.001), the 

WMSI at low-dose DSE (Chi-square 18.2, HR 7.1, P<0.0001) and the presence of CR in ≥25% of 

severely dysfunctional segments (Chi-square 4.6, HR: 0.30, P=0.03) were the independent 
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predictors. A lower cardiac death risk was associated with the presence of multi-vessel disease, a 

lower WMSI during low-dose DSE and with the presence of CR in ≥25% of dysfunctional 

segments. The best model to predict cardiac death included the presence of multi-vessel disease, the 

WMSI at low-dose DSE and the presence of extensive CR (Chi-square 43.96, HR 9.62 CI 3.99-

23.14, P<0.0001). Inclusion of the extent of ischemia to the model did not provide any additional 

predictive value. Also, the extent of scar tissue did not add significant prognostic information. 

During the 5-year follow-up, cardiac death occurred less frequently in CR+ patients as compared 

with CR- patients (10% vs 29%, P=0.015, Figure 1).  

 

Table 3. Predictors of Cardiac Death 

Univariable analysis Multivariable analysis 
 HR 95% CI P value HR 95% CI P-value 

Age 1.008 0.97-1.05 NS    
Gender 0.56 0.24-1.34 NS    
Hypertension 2.79 0.82-10.41 NS    
Hypercholesterolemia 0.92 0.36-2.34 NS    
Diabetes 2.42 0.91-6.42 0.08    
Smoking 1.21 0.45-3.32 NS    
Family history 0.98 0.37-2.64 NS    
Previous CABG  0.17 0.10-1.27 NS    
ACE-inhibitors 1.93 0.73-5.11 NS    
Beta-blockers 0.55 0.26-1.17 NS    
Nitrates 1.15 0.40-3.37 NS    
NYHA class 1.05 0.41-2.67 NS    
Q wave myocardial infarction 0.54 0.24-1.24 NS    
Multi-vessel disease 0.21 0.09-0.49 <0.001 0.20 0.08-0.48 <0.001 
Mode of revascularization (CABG) 0.64 0.24-1.7 NS    
LVEF 0.90 0.86-0.95 <0.0001    
LV end-diastolic volume 1.006 0.99-1.01 NS    
LV end-systolic volume 1.009 1-1.02 0.05    
WMSI at rest 4.02 1.82-8.91 <0.001    
WMSI at low-dose dobutamine 7.01 3.12-15.78 <0.0001 9.12 3.80-

21.92 
<0.0001 

WMSI at peak-dose dobutamine  4.62 2.15-9.96 <0.0001    
Scar segments 1.39 1.20-1.60 <0.0001    
Segments with biphasic response 0.93 0.76-1.13 NS    
Segments with worsening 0.83 0.50-1.36 NS    
Total ischemic segments  0.60 0.28-1.30 NS    
Segments with CR 0.88 0.76-1.01 0.08    
CR ≥25% 0.34 0.13-0.84 0.02 0.30 0.12-0.74 <0.01 
ACE: angiotensin converting enzyme; CABG: coronary artery bypass graft; CR: contractile reserve; 
LVEF: left ventricular ejection fraction; NYHA: New York Heart Association; WMSI: wall motion 
score index. 
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Figure 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

Predictors of Total Cardiac Events. Table 4 summarizes uni- and multivariable predictors of 

cardiac events (death, myocardial infarction and hospitalization for heart failure). Several 

univariable predictors were identified, including baseline LVEF, multi-vessel disease, diabetes, 

surgical revascularization, WMSI at rest, low-dose and peak-dose DSE, number of scar segments 

and CR in ≥25% of dysfunctional segments. At multivariable analysis only diabetes, surgical 

revascularization, the WMSI at low-dose DSE and the presence of extensive CR remained predictive 

of cardiac events. Ischemia did not add significantly to the model. During the 5-year follow-up, 

cardiac events occurred less frequently in CR+ patients as compared with CR- patients (24% vs 

39%, P=0.04). 
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Table 4. Predictors of Cardiac Events 

Univariable analysis Multivariable analysis 
 HR 95% CI P value HR 95% CI P-value 

Age 0.98 0.95-1.01 NS    
Gender 0.53 0.57-2.90 NS    
Hypertension 2.79 0.82-10.41 NS    
Hypercholesterolemia 0.92 0.36-2.34 NS    
Diabetes 2.47 1.14-5.39 0.02 2.39 1.01-5.69 0.04 
Smoking 1.21 0.45-3.32 NS    
Family history 0.98 0.37-2.64 NS    
Previous CABG  1.21 0.53-2.73 NS    
ACE-inhibitors 1.93 0.73-5.11 NS    
Beta-blockers 0.65 0.36-1.16 NS    
Nitrates 1.15 0.40-3.37 NS    
NYHA class 1.53 0.75-3.10 NS    
Q wave myocardial infarction 0.70 0.35-1.39 NS    
Multi-vessel disease 0.38 0.18-0.80 <0.05    
Mode of revascularization (CABG) 0.42 0.21-0.84 0.01 0.27 0.13-0.55 0.0004 
LVEF 0.93 0.89-0.96 <0.0001    
LV end-diastolic volume 1.005 0.99-1.01 NS    
LV end-systolic volume 1.006 0.99-1.01 0.08    
WMSI at rest 2.34 1.36-4.01 0.002    
WMSI at low-dose dobutamine 3.41 1.90-6.13 <0.0001 6.03 2.97-

12.22 
<0.0001 

WMSI at peak-dose dobutamine 2.89 1.65-5.07 0.0002    
Scar segments 1.24 1.121.37 <0.0001    
Segments with biphasic response 0.95 0.83-1.01 NS    
Segments with worsening 1.10 0.84-1.44 NS    
Total ischemic segments  0.98 0.54-1.76 NS    
Segments with CR 0.92 0.83-1.02 NS    
CR ≥25% 0.51 0.27-0.97 0.04 0.29 0.14-0.62 0.001 
Abbreviations as in Table 3. 
 
DISCUSSION 

In the present study, the long-term prognostic value of viability and ischemia has been evaluated in a 

large group of patients with ischemic cardiomyopathy who underwent coronary revascularization. 

The presence of a considerable amount of viability (CR) during low-dose DSE was a strong 

predictor of long-term prognosis being associated with a favourable outcome. The extent of 

ischemia did not add significantly to the prediction of cardiac events. 

 

Prognostic Implications of Viable Myocardium in Patients with Ischemic Cardiomyopathy. 

Several studies have demonstrated that patients with ischemic cardiomyopathy and viable 

myocardium are at high risk for cardiac events when treated medically (10-15). Williams et al 

studied 108 patients with ischemic cardiomyopathy who were treated medically and observed that 
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cardiac events occurred more frequently in patients with viable or ischemic myocardium than in 

patients with nonviable myocardium (43% vs 8%, P=0.01) (20). The presence of viable or ischemic 

myocardium during low-high dose DSE was predictive of cardiac events during the 16±8 months of 

follow-up (20). These preliminary results were confirmed in a recent meta-analysis by Allman et al, 

showing that in patients who were treated medically the cardiac death rate was higher in patients 

with viable myocardium than in nonviable patients (16% vs 6% respectively, P=0.001) (15). On the 

other hand, several studies have demonstrated a favourable prognosis in patients with viable 

myocardium undergoing coronary revascularization (5, 12-14, 21). Meluzin et al showed that 

patients with >6 dysfunctional but viable segments had a better event-free survival during a 20±8 

months of follow-up as compared to patients with <6 viable segments (13). Afridi et al demonstrated 

that the presence of myocardial viability was the only multivariable predictor of good outcome after 

revascularization, after correction for age, severity of the coronary disease and LVEF (21). Finally, 

Allman et al showed a lower cardiac death rate in viable as compared to nonviable patients 

undergoing revascularization (3.2% vs 7.7% respectively, P<0.0001) (15). However, in these 

previous studies, the relative prognostic value of viability and ischemia was not evaluated. 

Therefore, it is still unclear whether viability or ischemia predominantly determines the prognosis of 

patients with ischemic cardiomyopathy undergoing revascularization.  

Relative Prognostic Value of Viability and Ischemia. Previous studies. Since viability and 

ischemia represent different aspects of jeopardized myocardium it can be hypothesized that they 

may differently affect prognosis. In a previous study by Picano et al, including 314 patients with 

acute myocardial infarction who were treated medically, ischemia at high dose DSE was associated 

with a higher cardiac death rate during the 1 year of follow-up, whereas viability without ischemia 

(sustained CR) showed a protective effect on survival (22). Similar findings were reported by Smart 

et al in patients with chronic LV dysfunction treated with medical therapy (23). Data on the relative 

prognostic value of viability and ischemia in patients undergoing revascularization are scant (24-27). 

Pasquet et al demonstrated that the presence of viability (indicated by CR during low-dose DSE), 

but not ischemia, was a strong predictor of good outcome after revascularization (24).  

Similarly, Sicari et al demonstrated that the larger the extent of viability, the lower the likelihood of 

cardiac death (25-26). However, in these 2 studies, a low-dose dobutamine infusion protocol was 

applied, limiting a complete estimation of ischemia. More recently, Sawada et al used low-high dose 

DSE allowing for the assessment of viability and ischemia (27). The authors demonstrated that the 

presence of myocardial viability was associated with a favourable outcome after revascularization, 

whereas ischemia was not predictive of prognosis (27). In particular, the WMSI during low-dose  
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dobutamine (a measure of myocardial viability) was predictive of outcome after revascularization, 

whereas the WMSI during high-dose dobutamine (a measure of ischemia) was not predictive (27). 

Findings in the current study. The findings in the present study are in line with the observations by 

Sawada et al (27). The results confirmed that low-dose WMSI was a strong predictor of cardiac 

events, whereas the presence of ischemia did not add significantly. In addition, the presence of a 

substantial amount of viability (CR≥ 25% of dysfunctional segments) was also predictive of 

outcome. In particular, the cardiac death rate was 10% in patients with CR ≥25% as compared to 

29% in patients with CR< 25% (Figure 1). Also the composite end-point of cardiac death, 

myocardial infarction and hospitalization for heart failure occurred less frequently in patients with 

CR ≥25%. The predictive value of viability was superior to that provided by clinical characteristics, 

severity of LV dysfunction, extent of coronary artery disease and resting echocardiographic 

variables. Indeed, although smoking, hypertension, and hypercholesterolemia were more common in 

CR- patients (Table 1), these variables were not predictive for outcome in the regression analyses. 

Among the clinical characteristics, only diabetes was predictive for the composite end-point, but not 

for cardiac death. At univariable analysis, baseline LVEF was inversely related to cardiac death risk 

and the WMSI at rest and the LVESV showed a positive relation to cardiac death risk. Also the 

extent of scar and the WMSI at peak-dose DSE were univariable predictors of outcome. However, 

these variables were no longer predictive in the multivariable analysis when viability was included. 

The best multivariable model to predict cardiac death included the presence of multi-vessel disease, 

the WMSI at low-dose DSE and the presence of CR ≥25% of severely dysfunctional segments (Chi-

square 43.96, HR 9.62). Addition of ischemia did not improve the final model to predict prognosis. 

These findings, together with the observations by Sawada et al, suggest that ischemia is not the main 

determinant of prognosis in patients with ischemic cardiomyopathy undergoing revascularization 

and that viability plays a major role. In addition, the extent of scar was not predictive in the 

multivariable analysis, illustrating that the extent of viability is more important than the extent of 

scar for long-term prognosis after revascularization. Although data from prospective, randomized 

trials are still awaited, it appears that in the presence of substantial viability, patients should be 

considered for revascularization. In these patients the long-term outcome is mainly determined by 

revascularization of dysfunctional but viable myocardium, and a large extent of viability is 

associated with a superior long-term outcome.  

Study Limitations. Follow-up coronary angiography was not routinely performed. Therefore, graft 

occlusion or restenosis could not be excluded. Also, in the design of the study only patients already 

scheduled to revascularization were included and were followed prospectively.  

Since patients who were treated medically were not included, a comparison between revascularized 

and non-revascularized patients was not available.  
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Additional end-points of coronary revascularization such as improvement of LVEF or LV volumes 

were not evaluated in the current study, which is a limitation.  

Finally, we used DSE with second harmonic imaging to assess myocardial viability. Although a 

very high accuracy in the detection of viable myocardium has been reported with DSE, still the 

subjective and semiquantitative analysis of wall motion by DSE forms a limitation of the study (18). 

Tissue Doppler imaging and strain/ strain-rate analysis allows quantitative and objective evaluation 

and quantification of wall motion and may further improve the detection of myocardial viability 

(28). 

Conclusions. In patients with ischemic cardiomyopathy, the presence and extent of myocardial 

viability are strong determinants of long-term outcome after revascularization. The presence of 

ischemia did not contribute significantly to the prediction of long-term prognosis. 
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ABSTRACT 

Objective. To evaluate the prognosis of viable patients with and without improvement of left 

ventricular ejection fraction (LVEF) after coronary revascularization. 

Background. In patients with ischemic cardiomyopathy and viable myocardium, LVEF does not 

always improve after revascularization. Whether this may affect prognosis is unclear. 

Methods. Before revascularization, radionuclide ventriculography (RNV) and dobutamine stress 

echocardiography (DSE) were performed to assess LVEF and myocardial viability, respectively. 

Nine to 12 months after revascularization, LVEF improvement was assessed by RNV. Patients were 

divided into 3 groups: Group 1, viable patients with LVEF improvement (n=27); Group 2, viable 

patients without LVEF improvement (n=15), Group 3, nonviable patients (n=48). Cardiac events 

were evaluated during a 4 years follow-up. 

Results. After revascularization, the LVEF improved from 32 ± 9% to 42 ± 10% in Group 1, but did 

not change significantly in Group 2 and in Group 3, P < 0.001 by ANOVA. Heart failure symptoms 

improved both in Groups 1 (NYHA class from 3.1 ± 0.9 to 1.7 ± 0.7) and 2 (from 3.2 ± 0.7 to 1.7 ± 

0.9), but not in Group 3 (from 2.8 ± 1.0 to 2.7 ± 0.5), P < 0.001 by ANOVA. During the follow-up, 

the cardiac event rate was low (4%) in Group 1, intermediate  (21%) in Group 2 and high (33%) in 

Group 3 (P = 0.01).  

Conclusions. The best prognosis after revascularization may be expected in those viable patients 

who improve in LVEF. Conversely, viable patients without functional improvement have an 

intermediate prognosis. 
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INTRODUCTION 

 Patients with ischemic cardiomyopathy represent a subgroup at high risk of further cardiac 

events when treated medically (1-3). Several studies demonstrated that coronary revascularization 

may improve left ventricular ejection fraction (LVEF), symptoms and prognosis if a substantial 

amount of viable myocardium is present (4-12). A recent meta-analysis (13), including 24 studies with 

3088 patients, demonstrated that the cardiac death rate was 3% in patients with viable myocardium who 

underwent revascularization as compared to 16% in patients with viable myocardium who were treated 

medically. The presence of myocardial viability has been shown to be predictive of LVEF 

improvement and better prognosis after coronary revascularization (4-12). However, the proportion 

of patients with viable myocardium showing a significant improvement of LVEF after 

revascularization is extremely variable in the different studies. It ranged from 36% (4) to 88% (7). 

Hence, not all patients with viable myocardium show an improvement of LVEF post-operatively. 

Whether the prognosis of viable patients who do not improve is different than viable patients who 

do improve in LVEF is unclear. To clarify this issue, in the present report, a long-term follow-up 

study was performed in a large group of patients with ischemic cardiomyopathy undergone coronary 

revascularization.  

 

METHODS 

Study Population and Study Protocol. Ninety-seven consecutive patients with ischemic 

cardiomyopathy were initially included in the study. Patients were already scheduled for coronary 

revascularization according to clinical criteria (symptoms, presence/absence of ischemia and 

angiographic findings), independently from the results of the viability studies. Patients with severe 

(3-4+ mitral regurgitation) valvular disease were not included. Seven patients (7%) did not complete 

the study protocol since they died in the post-operative period (within 30 days). The study 

population, therefore, consisted of 90 patients who survived the post-operative period and completed 

the study protocol. This was designed as follows: before revascularization radionuclide 

ventriculography (RNV) and resting 2-dimensional echocardiography were performed to assess 

LVEF and regional wall motion abnormalities, respectively. Also LV volumes were measured from 

the resting echocardiographic images. Subsequently, dobutamine stress echocardiography (DSE) 

was performed to assess myocardial viability in dysfunctional segments. Nine to 12 months after 

revascularization, RNV was repeated to evaluate improvement in LVEF. Patients were divided into 

3 groups according to presence of myocardial viability and LVEF improvement: Group 1, viable 

patients with LVEF improvement; Group 2, viable patients without LVEF improvement, Group 3, 

nonviable patients.  
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Functional status (NYHA and CCS class) before and after revascularization and cardiac events 

during a long-term follow-up (up to 4 years) were evaluate in the 3 groups. The local ethics 

committee approved the protocol and all patients gave informed consent before the study. 

Two-Dimensional Echocardiography at Rest. All echocardiograms were performed using a 

Sonos-5500 imaging system (Hewlett-Packard, Philips Medical Systems, Eindhoven, The 

Netherlands) equipped with a second harmonic 1.8-3.6 MHz transducer to optimize endocardial 

border visualization. Standard parasternal and apical views of the LV were obtained (14).  Regional 

wall motion and thickening were scored using the 16-segment model with a 5-point grading scale: 

1=normal, 2=mildly hypokinetic, 3=severely hypokinetic, 4=akinetic, 5=dyskinetic (4). The wall 

motion score index was calculated by dividing the summed wall motion score by the number of 

segments. From the apical 2- and 4-chamber views also LV end-diastolic and end-systolic volume 

were measured using the biplane Simpson’s rule (14). Measurements were performed off-line in 

separate reading sessions and in random order by 2 independent experienced readers blinded to 

patient data.  

Assessment of Myocardial Viability: Dobutamine Stress Echocardiography. Only severely 

dysfunctional segments (score 3 to 5) were evaluated for myocardial viability. Low-high dose DSE 

(up to 40 µg/kg/min with addition of 2 mg atropine, if necessary) was performed as described 

previously (4). Four patterns of wall motion response were observed during DSE: 1=sustained 

improvement; 2=worsening; 3=biphasic response; 4=no change (15). Segments with biphasic 

response, sustained improvement or worsening of the wall motion during DSE were considered 

viable, with the exception of akinesia becoming dyskinesia (15). Segments with unchanged wall 

motion were considered nonviable (scar) tissue (15). Patients were defined as viable in the presence 

of a substantial amount of viable myocardium (≥4 viable segments, ≥25 of the LV), whereas patients 

with <4 viable segments were defined nonviable (4). Interpretation of the studies was performed off-

line from cineloops, displayed side-by-side in a quad-screen format, by 2 experienced observers 

blinded to the clinical data. Inter- and intra-observer agreement for analysis of DSE studies was 

reported previously (92% and 94% respectively) [16 ]. 

Assessment of Left Ventricular Ejection Fraction. Before and 9 to 12 months after 

revascularization the LVEF was assessed by RNV at rest. 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. After injection of Tc-99m (740 MBq), radionuclide 

ventriculography was performed at rest with the patient in supine position. The LVEF was 

calculated by standard methods (Odyssey VP, Picker, Cleveland, Ohio, USA). An improvement in 

LVEF ≥5% after revascularization was considered clinically significant (4). 
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Assessment of Functional Status and Long-term Follow-up. Before and after revascularization, 

structured clinical interviews were performed, by an independent physician blinded to all data, to 

assess the functional status according to the NYHA (for symptoms of heart failure) and the CCS 

criteria (for angina pectoris). The long-term follow-up was obtained by chart review and telephone 

contact and was complete in all 90 patients. Events included: cardiac death, new myocardial 

infarction, hospitalization for heart failure. Cardiac death was defined as death unwitnessed sudden 

death, death within 1 hour of new symptoms of myocardial ischemia or death due to heart failure. 

Myocardial infarction was defined according to classical criteria (symptoms, electrocardiographic 

changes and elevated cardiac enzymes). Hospitalization for heart failure was defined according to 

the hospital discharge diagnosis. 

Statistical Analysis. Continuous data are expressed as mean ± SD and dichotomous data as 

proportions. Continuous data were compared using the Student’s t test for paired and unpaired 

samples and ANOVA analysis as indicated. Comparison of proportions was performed by chi-

square analysis. Cardiac event rate during the long-term follow-up was evaluated using the Kaplan-

Meier method. Differences between curves were tested with the log-rank chi-square statistics. For 

all tests, a P-value <0.05 was considered significant.  

 

RESULTS 

Study Population. Before revascularization, all patients had heart failure symptoms (NYHA class: 

2.9 ± 0.9). Angina pectoris was also present in 82 patients (CCS class: 2.7 ± 0.6). Previous    

myocardial infarction (≥6 months) had occurred in the majority of the population (97%). Baseline 

LVEF was on average 33 ± 9%.  In 49 patients (54%) a severe reduction of LVEF (<30%) was 

present. Coronary revascularization was performed by coronary artery bypass grafting in 75 patients 

(83%), using the left internal mammary artery in 97% of the patients. In the remaining 15 patients 

(17%), coronary revascularization was performed by coronary angioplasty. Nine to 12 months after 

revascularization, LVEF improved significantly in the entire population (from 33 ± 9% to 35 ± 10%, 

P = 0.01). However, an improvement of LVEF ≥5% was observed in 33 patients (37%).    

Myocadial Viability. The analysis of resting echocardiographic images showed that 808 out of 

1440 segments (56%) were severely dysfunctional (wall motion score 3-5). Patients had on average 

9 ± 4 severely dysfunctional segments. The mean wall motion score index was 2.8 ± 0.7. During 

DSE, 356 of 808 (44%) severely dysfunctional segments were considered as viable, whereas 452 

segments were nonviable.  A substantial amount of viable myocardium (≥4 segments, ≥25% of the 



 

129  

LV) was present in 42 patients (47%) which were defined as viable patients. Limited or no viable 

myocardium was present in the remaining 48 patients who were considered as nonviable patients. 

Myocardial Viability and LVEF Improvement After Revascularization. After revascularization, 

27 viable patients (64%) showed a significant improvement in LVEF (Group 1), whereas 15 viable 

patients (36%) did not improve in LVEF after revascularization  (Group 2). An improvement in 

LVEF ≥5% was observed infrequently (12%, P < 0.001 vs viable patients) in the nonviable patients 

(Group 3). After revascularization, the LVEF was 42 ± 10 % in Group 1, 32 ± 9% in Group 2 and 32 

± 10% in Group 3 (P < 0.001).  

Comparison Between Viable Patients With and Without LVEF Improvement and Nonviable 

Patients. Pre-operative clinical characteristics were comparable in the 3 groups. 

Table 1. Pre-operative Clinical Characteristics 

Clinical characteristic Group 1 
viable 

improvers 
27 pts 

Group 2 
viable non-improvers

15 pts 

Group 3 
nonviable 

48 pts 

P 
value 

Age, mean ± SD 60 ± 9 60 ± 10 59 ± 9 NS 
Male (%) 22 (81) 11 (73) 40 (83) NS 
CCS, mean ± SD  2.5 ± 0.7 2.8 ± 0.6 2.9± 0.7 NS 
NYHA, mean ± SD  3.1 ± 0.9 3.2 ± 0.7 2.8 ± 1.0 NS 
Diabetes Mellitus (%) 1 (4) 1 (7) 6 (12) NS 
Smoking (%) 13 (50) 8 (53) 27 (56) NS 
Hypercolesteremia (%) 20 (74) 12 (80) 37 (77) NS 
Hypertension (%) 21 (78) 12 (80) 40 (83) NS 
Previous MI 25 (93) 15 (100) 47 (98) NS 
Q wave MI 18 (67) 13 (87) 41 (85) NS 
LVEF, mean ± SD 32 % ± 9 % 32 % ± 8 % 33 % ± 10 % NS 
Stenotic vessels, 
mean ± SD 

2.3 ± 0.8 2.5 ± 0.7 2.5 ± 0.6 NS 

Medications 
Lipid-lowering 
Ace-inhibitors 
Nitrates 
Diuretics 
Beta-blockers 
Digoxine 
Aspirine/Anticoagulant 

 
13 (48) 
17 (63) 
23 (85) 
13 (48) 
18 (67) 
1 (4) 

27 (100) 

 
6 (40) 
12 (80) 
11 (73) 
9 (60) 
9 (60) 
6 (40) 
14 (93) 

 
22 (46) 
35 (73) 
37 (77) 
30 (62) 
28 (58) 
16 (33) 
48 (100) 

 
NS 
NS 
NS 
NS 
NS 

<0.01 
NS 

ACE: angiotensin-converting enzyme; CCS: Canadian Cardiovascular Society; LVEF: left 
ventricular ejection fraction; MI: myocardial infarction.  

 

In particular, the 3 groups were similar with respect to number of stenotic vessels, angina pectoris 

and heart failure scores. Also the frequency of previous myocardial infarction as well as the pre-

operative LVEF were similar in the 3 groups (see Table 1).  
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The analysis of resting wall motion showed that the wall motion score index was 2.7 ± 0.8, 2.9 ± 0.6 

and 2.7 ± 0.5 in Group 1, 2 and 3, respectively (P = NS). However, both the end-diastolic volume 

and end-systolic volume of the LV were significantly larger in Groups 2 and 3 as compared to 

Group 1 (see Table 2) 

 

Table 2.  Pre-operative Echocardiographic Characteristics  

 Group 1 
viable improvers 

27 pts 

Group 2 
viable non-improvers 

16 pts 

Group 3 
nonviable 

44 pts 

P 
value

End-diastolic volume 
mean ± SD 

161 ± 59 207 ± 33 206 ± 53 <0.01 

End-systolic volume 
mean ± SD 

103 ± 54 141 ± 37 140 ± 48 <0.05 

Wall motion score 
index, mean ± SD 

2.7 ± 0.8 2.9 ± 0.6 2.7 ± 0.5 NS 

Viable segments 
mean ± SD 

7.1 ± 3.4 6.7 ± 1.9 1.3 ± 1.1 <0.001

Nonviable segments 
mean ± SD 

3.6 ± 3.3 5.5 ± 3.1 6.5 ± 4.2 <0.05 

 
 

Functional Class After Revascularization and Clinical Follow-up. Improvement of heart failure 

symptoms after revascularization was observed both Group 1 and Group 2, whereas in Group 3 the 

heart failure score did not improve significantly. The NYHA class after revascularization was 1.7 ± 

0.7 in Group 1, 1.7 ± 0.9 in Group 2 and 2.7 ± 0.5 in Group 3 (P < 0.001). Angina pectoris score 

decreased in the entire population. The CCS class was 1.2 ± 0.7 in Group 1, 1.2 ± 0.6 in Group 2 

and 1.2 ± 0.5 in Group 3 (P = NS). On long-term follow-up (up to 4 years after revascularization), 

only 1 patient died in Group 1 and none had myocardial infarction or hospitalization for heart 

failure. In Group 2, 1 patient died and 2 patients were hospitalized for heart failure. In Group 3, 6 

patients died, 2 patients had acute myocardial infarction and 8 had hospitalization for heart failure. 

Overall, the cardiac event rate was low (4%) in Group 1, intermediate  (21%) in Group 2 and high 

(33%) in Group 3 (P = 0.01, Figure 1).  
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Figure 1 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

DISCUSSION  

In patients with ischemic cardiomyopathy, myocardial viability is associated to improvement in 

LVEF and better prognosis after coronary revascularization.  The findings in the present study 

demonstrated that after revascularization a very good prognosis is present only in viable patients 

with improvement in LVEF. Conversely, patients without viable myocardium had a relatively poor 

prognosis and of interest, an intermediate prognosis was observed in viable patients without 

improvement in LVEF. 

 

Coronary Revascularization of Viable Myocardium versus Improvement in LVEF. The 

presence of myocardial viability has been associated with improvement of global LV function after 

revascularization (17). In the present study, significant improvement of LVEF (≥5%) after 

revascularization was observed in 64% of viable patients.  Previous studies reported post-operative 

improvement of LVEF in variable proportions of viable patients.  
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In the study by Cuocolo et al, 36% of patients with evidence of viable myocardium on thallium-201 

imaging improved in LVEF after revascularization (5).  Whereas Cornel et al used a comparable 

DSE protocol to assess viability and demonstrated an improvement in LVEF in 68% of patients, in 

line with the current findings (11). In addition, the various studies suggested that at least 25-30% of 

the LV needed to be viable to allow improvement in global LV function (4-12).  However, not all 

patients with this extent of viable myocardium exhibit improvement in LVEF after 

revascularization. This may be related to various issues. First, extensive remodeling may prohibit 

improvement in LVEF despite the presence of viable myocardium (18-20). Second, it has been 

shown that besides viable myocardium, also the extent of scar tissue is an important predictor of 

improvement in LVEF (21-22). Accordingly, in the present study, LV dilatation and the extent of 

scar tissue were larger in the patients who did not improve in LVEF (see Table 2). Also delayed 

revascularization and graft closure or restenosis may inhibit functional recovery of viable 

myocardium (23). Still, besides improvement in LVEF, improvement of symptoms after coronary 

revascularization is also an important clinical end-point. It has been shown that heart failure 

symptoms may significantly improve after revascularization in the presence of substantial amount of 

viable myocardium (4, 24-27). Accordingly, in the present study, the NYHA functional class 

significantly improved in all viable patients (both Groups 1 and 2), but did not change significantly 

in patients with limited or nonviable myocardium (Group 3).  

Coronary Revascularization of Viable Myocardium versus Improvement of Prognosis. 

Previous studies have shown that coronary revascularization may improve prognosis in patients with 

ischemic cardiomyopathy and viable myocardium (13). In a recent meta-analysis, Allman et al 

demonstrated a high event-rate in patients with viable myocardium who were treated medically, 

whereas a favourable prognosis was present in patients with viability who underwent 

revascularization (13). In the present study, only patients who underwent coronary revascularization 

were included. During the 4 years follow-up, a low event rate (4%) was observed only in those 

viable patients who improved in LVEF after revascularization (Group 1). In contrast, viable patients 

without improvement in LVEF (Group 2) had a considerable event-rate (21%); the highest event-

rate was observed in  nonviable patients (See Figure 1). It appears that, although all viable patients 

after revascularization have a better prognosis as compared to the nonviable patients, the best 

prognosis is observed in viable patients in whom coronary revascularization resulted in 

improvement in LVEF. In a previous study, Samady et al showed that failure to improve in LVEF 

after revascularization in patients with ischemic cardiomyopathy was not associated with worse 

outcome (28).  It should be noticed, however, that viability data were not available in that study 

(28).  
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More importantly, assessment of LVEF was performed on average 16 ± 33 days after 

revascularization, which may be too early to demonstrate improvement in LV function (18, 29-30).  

Study Limitations. Coronary angiography was not performed after revascularization. Therefore, 

graft-occlusion may have prohibited LVEF improvement and affected long-term prognosis. 

Moreover, recent studies have suggested that in addition to revascularization, surgical remodeling of 

the LV (resections of LV aneurysms, or akinetic regions) may improve long-term prognosis (31). 

Conclusions. In patients with ischemic cardiomyopathy, coronary revascularization is associated 

with a favourable outcome if a substantial amount of myocardial is present. In the present study, it 

has been shown that after revascularization of viable myocardium the best prognosis is observed in 

viable patients who exhibited improvement in LVEF after revascularization. Conversely, viable 

patients without improvement in LVEF had an intermediate prognosis, and nonviable patients had 

the worst prognosis. 

   

REFERENCES 

1. Hammermeister KE, DeRouen TA, Dodge HT. Variables predictive of survival in patients with 

coronary disease. Selection by univariate and multivariate analyses from the clinical, 

electrocardiographic, exercise, arteriographic, and quantitative angiographic evaluations. 

Circulation 1979; 59: 421-30.  

2. Gheorghiade M, Bonow RO. Chronic heart failure in the United States: a manifestation of 

coronary artery disease. Circulation 1998; 97: 282-89. 

3. Mock MB, Ringqvist I, Fisher LD, et al. Survival of medically treated patients in the coronary 

artery surgery study (CASS) registry. Circulation 1982; 66: 562-68.  

4. Bax JJ, Poldermans D, Elhendy A, et al. Improvement of left ventricular ejection fraction, heart 

failure symptoms and prognosis after revascularization in patients with chronic coronary artery 

disease and viable myocardium detected by dobutamine stress echocardiography. J Am Coll 

Cardiol 1999; 34: 163-69. 

5. Cuocolo A, Petretta M, Nicolai E, et al. Successful coronary revascularization improves 

prognosis in patients with previous myocardial infarction and evidence of viable myocardium at 

thallium-201 imaging. Eur J Nucl Med 1998; 25: 60-68. 

6. Tallish JH, Brunken R, Marshall R, et al. Reversibility of cardiac wall-motion abnormalities 

predicted by positron tomography. N Engl J Med 1986; 314: 884-88. 

 

 



 

134  

7. Ragosta M, Beller GA, Watson DD, et al. Quantitative planar rest-redistribution 201Tl imaging 

in detection of myocardial viability and prediction of improvement in left ventricular function 

after coronary bypass surgery in patients with severely depressed left ventricular function. 

Circulation 1993; 87: 1630-41.  

8. Bax JJ, Visser FC, Poldermans D, et al. Relationship between preoperative viability  and 

postoperative improvement in LVEF and heart failure symptoms. J Nucl Med 2001; 42: 79-86. 

9. Sciagra R, Leoncini M, Cannizzaro G, et al. Predicting revascularization outcome in patients 

with coronary artery disease and left ventricular dysfunction (data from the SEMINATOR 

study). Am J Cardiol 2002; 89:1369-73.  

10. Pagano D, Bonser RS, Townend JN, et al. Predictive value of dobutamine echocardiography and 

positron emission tomography in identifying hibernating myocardium in patients with 

postischaemic heart failure. Heart 1998; 79: 281-88. 

11. Cornel JH, Bax JJ, Elhendy A, et al. Biphasic response to dobutamine predicts improvement of 

global left ventricular function after surgical revascularization in patients with stable coronary 

artery disease: implications of time course of recovery on diagnostic accuracy. J Am Coll 

Cardiol 1998; 31: 1002-10.  

12. Pasquet A, Lauer MS, Williams MJ, et al. Prediction of global ventricular function after bypass 

surgery in patients with severe left ventricular dysfunction. Impact of pre-operative myocardial 

function, perfusion, and metabolism. Eur Heart J 2000; 21: 125-36. 

13. Allman KC, Shaw LJ, Hachamovitch R, et al. Myocardial viability testing and impact of 

revascularization on prognosis in patients with coronary artery disease and left ventricular 

dysfunction: a meta-analysis. J Am Coll Cardiol 2002; 39:1151-58. 

14. Schiller NB, Shah PM, Crawford M, et al. Recommendations for quantitation of the left 

ventricle by two-dimensional echocardiography. American Society of Echocardiography 

Committee on Standards, Subcommittee on Quantitation of Two-Dimensional Echocardiograms. 

J Am Soc Echocardiogr 1989; 2: 358-67. 

15. Afridi I, Kleiman NS, Raizner AE, et al. Dobutamine echocardiography in myocardial 

hibernation. Optimal dose and accuracy in predicting recovery of ventricular function after 

coronary angioplasty. Circulation 1995; 91: 663-70. 

16. Arnese M, Cornel JH, Salustri A, et al. Prediction of improvement of regional left ventricular 

function after surgical revascularization. A comparison of low-dose dobutamine 



 

135  

echocardiography with 201Tl single-photon emission computed tomography. Circulation 1995; 

91: 2748-52. 

17. Bax JJ, Wijns W, Cornel JH, et al. Accuracy of currently available techniques for prediction of 

functional recovery after revascularization in patients with left ventricular dysfunction due to 

chronic coronary artery disease: comparison of pooled data. J Am Coll Cardiol 1997; 30: 1451-

60.  

18. Vanoverschelde JL, Depre C, Gerber BL, et al. Time course of functional recovery after 

coronary artery bypass graft surgery in patients with chronic left ventricular ischemic 

dysfunction. Am J Cardiol 2000; 85: 1432-39.  

19. Vanoverschelde JL, Gerber BL, D'Hondt AM, et al. Preoperative selection of patients with 

severely impaired left ventricular function for coronary revascularization. Role of low-dose 

dobutamine echocardiography and exercise-redistribution-reinjection thallium SPECT. 

Circulation 1995; 92: II37-44. 

20. Nijland F, Kamp O, Verhorst PMJ, et al. Myocardial viability: impact on left ventricular 

dilatation after acute myocardial infarction. Heart 2002; 87: 17-22. 

21. Rizzello V, Schinkel AF, Bax JJ, et al. Individual prediction of functional recovery after 

coronary revascularization in patients with ischemic cardiomyopathy: the scar-to-biphasic 

model. Am J Cardiol 2003; 91: 1406-09.  

22. Beanlands RS, Ruddy TD, deKemp RA, et al. Positron emission tomography and recovery 

following revascularization (PARR-1): the importance of scar and the development of a 

prediction rule for the degree of recovery of left ventricular function. J Am Coll Cardiol 2002; 

40: 1735-43.  

23. Bax JJ, Schinkel AF, Boersma E, et al. Early versus delayed revascularization in patients with 

ischemic cardiomyopathy and substantial viability: impact on outcome. Circulation 2003; 108 

Suppl 1:II39-42.  

24. Di Carli MF, Asgarzadie F, Schelbert HR, et al. Quantitative relation between myocardial 

viability and improvement in heart failure symptoms after revascularization in patients with 

ischemic cardiomyopathy. Circulation 1995; 92: 3436-44. 

25. Eitzman D, al-Aouar Z, Kanter HL, et al. Clinical outcome of patients with advanced coronary 

artery disease after viability studies with positron emission tomography. J Am Coll Cardiol 

1992; 20: 559-65. 



 

136  

26. Haas F, Haehnel CJ, Picker W, et al. Preoperative positron emission tomographic viability 

assessment and perioperative and postoperative risk in patients with advanced ischemic heart 

disease. J Am Coll Cardiol 1997; 30: 1693-700. 

27. Lombardo A, Loperfido F, Trani C, et al. Contractile reserve of dysfunctional myocardium after 

revascularization: a dobutamine stress echocardiography study. J Am Coll Cardiol 1997; 30:633-

40. 

28. Samady H, Elefteriades JA, Abbott BG, et al. Failure to improve left ventricular function after 

coronary revascularization for ischemic cardiomyopathy is not associated with worse outcome. 

Circulation 1999; 100: 1298-304.  

29. Haas F, Augustin N, Holper K, et al. Time course and extent of improvement of dysfunctioning 

myocardium in patients with coronary artery disease and severely depressed left ventricular 

function after revascularization: correlation with positron emission tomographic findings. J Am 

Coll Cardiol 2000; 36: 1927-34. 

30. Bax JJ, Visser FC, Poldermans D, et al. Time course of functional recovery of stunned and 

hibernating segments after surgical revascularization. Circulation 2001; 104 (Suppl 1): I314-18.  

31. Athanasuleas CL, Stanley AW Jr, Buckberg GD, et al. Surgical anterior ventricular endocardial 

restoration (SAVER) in the dilated remodeled ventricle after anterior myocardial infarction. 

RESTORE group. Reconstructive Endoventricular Surgery, returning Torsion Original Radius 

Elliptical Shape to the LV. J Am Coll Cardiol 2001; 37: 1199-209.  



 

 

 
 
 
 

CHAPTER 13 
 
 
 
 
 
 

Benefits of coronary revascularization in diabetic and 

non-diabetic patients with ischemic cardiomyopathy: 

role of myocardial viability  
 

 

 

 

Vittoria Rizzello 
Don Poldermans 

Arend F.L. Schinkel 
Elena Biagini  

Eric Boersma et al 
 

 
 

Submitted



 

 

 

 

 
 
 
 
 
 



 

139 

 
 

Benefits of Coronary Revascularization in Diabetic and Non-Diabetic Patients With Ischemic 

Cardiomyopathy: Role of Myocardial Viability 

 

Vittoria Rizzello MD, Don Poldermans MD, Elena Biagini MD, Arend F.L. Schinkel MD, Eric 

Boersma PhD, Abdou Elhendy MD, Filippo Crea  MD, Alexander Maat MD, Jos R.T.C. Roelandt 

MD, Jeroen J. Bax MD. 

 

ABSTRACT 

Background. Diabetes mellitus in patients with coronary artery disease is associated with poor 

outcome. In this study the relation between viability, diabetes, coronary revascularization and 

outcome was evaluated. 

Methods. 129 patients (31 diabetic and 98 non-diabetic) with ischemic cardiomyopathy underwent 

dobutamine stress echocardiography to assess myocardial viability. Patients with ≥4 viable segments 

were defined viable and patients with <4 viable segments, nonviable. Left ventricular ejection 

fraction (LVEF) was assessed before and 9-12 months after revascularization. At the same time-

points, LV volumes were measured to evaluate LV remodeling. Finally, cardiac events were noted 

during  5-year follow-up.  

Results. Viable myocardium extent was comparable between diabetic and non-diabetic patients. 

After revascularization, LVEF increased ≥5% in 44% of diabetic and in 40% of non-diabetic 

patients. LVEF improved only in patients with viable myocardium. Ongoing LV remodeling 

occurred in 36% and 35% of diabetic and non-diabetic patients respectively, and was related to non-

viability, whereas viability protected against ongoing LV remodeling, both in diabetic and non-

diabetic patients. Viability was the only predictor of survival after revascularization. 

Conclusions. Diabetic, viable patients with ischemic LV dysfunction exhibit improvement in LVEF 

post-revascularization with prevention of ongoing LV remodeling, similar to non-diabetic patients. 

Viability was also the only predictor of long-term outcome. 
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INTRODUCTION 

Over the last 2 decades, many studies have demonstrated that patients with ischemic 

cardiomyopathy can improve significantly in left ventricular ejection fraction (LVEF) after 

revascularization (1-5). Still peri-operative morbidity and mortality is substantial (6) and therefore 

an adequate selection of patients who may benefit from revascularization is needed. Based on the 

pre-operative assessment of myocardial viability, patients with a high likelihood of improvement in 

LVEF can be identified (1-5). Indeed, Haas et al (7) have demonstrated a reduction in  

peri-operative morbidity and mortality, with a better outcome, when only patients with viable 

myocardium underwent revascularization. 

Whether the same holds true for patients with diabetes is currently unclear. This is an important 

issue, since many patients with diabetes and coronary artery disease develop LV dysfunction over 

time (8-10). Moreover, diabetic patients have a worse short- and mid-term outcome after 

revascularization as compared to non-diabetic patients (11-13), stressing the need for identification 

of patients who may potentially benefit from revascularization. 

Accordingly, in the current study, the relation between the pre-operative presence of viability and 

the outcome after revascularization was evaluated in patients with diabetes; the results were 

compared with non-diabetic patients undergoing viability testing and revascularization. 

 

METHODS 

Study Population. The study population existed of 129 patients (105 men, mean age 62±9 years) 

with ischemic cardiomyopathy (LVEF 31±7 %) and symptoms of heart failure, already scheduled 

for coronary revascularization. The decision of revascularization was based on clinical information 

(symptoms, presence/absence of ischemia and angiographic findings). A history of myocardial 

infarction was present in 119 patients (92%). In these patients, infarction had occurred ≥6 months 

before the study entry. Patients with moderate to severe mitral regurgitation were not included. 

Diabetes mellitus was present in 31 patients, whereas 98 patients were non-diabetic.  Diabetes 

mellitus was defined as a fasting glucose level ≥7.8 mmol/L or the need for insulin or hypoglycemic 
agents. Eight patients had insulin-dependent diabetes and 23 patients had non-insulin-dependent 

diabetes. 

Study Protocol. Before revascularization, all patients underwent radionuclide ventriculography to 

assess LVEF and dobutamine stress echocardiography (DSE) to assess myocardial viability. LV 

volumes were derived from resting echocardiographic images.  

Nine to 12 months after revascularization, radionuclide ventriculography was repeated to evaluate 

improvement in LVEF. In addition, resting 2-dimensional echocardiography was repeated at 9-12 

months after revascularization to assess changes in LV volumes (LV remodeling).  
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Finally, cardiac events (cardiac death, myocardial infarction and hospitalization for heart failure) 

were evaluated during a 5-year follow-up. The local ethics committee approved the protocol and all 

patients gave informed consent. 

Echocardiographic Studies. All echocardiograms were performed using a Sonos-5500 device 

(Hewlett-Packard, PMS, Eindhoven, The Netherlands) equipped with a second-harmonic 1.8-3.6 

MHz transducer. Standard views of the LV were obtained (14). 

Myocardial Viability. Low-high dose DSE (up to 40 µg/kg/min plus 2 mg atropine, if necessary) 

was performed as described previously (15). Interpretation of DSE studies was performed off-line 

from cine-loop images, by 2 experienced observers blinded to the clinical data. Inter- and intra-

observer agreement for analysis of DSE studies were 92% and 94% respectively (16). Regional 

function was scored using a 16-segment and 5-point scoring model with 1=normal, 2=mildly 

hypokinetic, 3=severely hypokinetic, 4=akinetic, 5=dyskinetic (15). The wall motion score index 

(WMSI) was calculated by dividing the summed wall motion score by the number of segments. 

Myocardial viability was evaluated only in severely dysfunctional segments (score 3 to 5). Segments 

showing a sustained improvement in wall motion up to high dose and segments with biphasic 

response or worsening of wall motion during DSE were considered viable (17). Segments with 

unchanged wall motion or with akinesia becoming dyskinesia were considered nonviable (17). A 

patient was defined as viable in the presence of ≥4 viable segments and nonviable in the presence of 

<4 viable segments (3). Also the absolute changes in WMSI (delta, ∆) during DSE (low-dose minus 

rest and peak- minus low-dose DSE) were calculated. 

LV Volumes. LV end-diastolic and end-systolic volumes  (LVEDV and LVESV) were measured 

from the resting echocardiographic images. All measurements were performed off-line by 2 

experienced readers blinded to patient data and acquisition time (before or after revascularization). 

LV volumes were measured using the biplane Simpson’s rule (14). An increase >15% in the 

LVEDV or LVESV after revascularization was considered ongoing LV remodeling (18). 

Assessment of Improvement in Left Ventricular Ejection Fraction. Radionuclide 

ventriculography was performed at rest with the patient in the supine position after the 

administration of 740 MBq of 99mtechnnetium. Images were acquired with a small-field-of-view 

gamma camera (Orbiter, Siemens Corp, Iselin, NJ, USA), oriented in the 45° left anterior oblique 

position with a 5-10° caudal tilt. The LVEF was calculated from the 45° left anterior oblique view 

by an automated technique. An improvement in LVEF ≥5% at 9 to 12 months after revascularization 

was considered clinically significant (3). 

Long-term Follow-up. The long-term follow-up was obtained by chart review and telephone 

contact. Events included: cardiac death, myocardial infarction and hospitalization for heart failure. 

Cardiac death was defined as sudden death, death due to acute myocardial infarction or heart failure.  
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Myocardial infarction was defined according to classical criteria (symptoms, electrocardiographical 

changes and elevated cardiac enzymes). Hospitalization for heart failure was defined according to 

the hospital discharge diagnosis. 

Statistical Analysis. Continuous data are expressed as mean (SD) and dichotomous data as 

proportions. Continuous data were compared using the Student’s t test for paired and unpaired 

samples as indicated. Comparison of proportions was performed by chi-square analysis. Cardiac 

event rate was evaluated using Kaplan-Meier analysis. Differences between curves were tested by 

log-rank chi-square statistics. Cox regression analysis was performed to identify predictors of 

cardiac death. For all tests, a P value <0.05 was considered significant.  

 

RESULTS 

Study Population. Clinical characteristics were comparable between diabetic patients and non-

diabetic patients; however, LVEF before revascularization was significantly lower in diabetic 

patients (Table 1). Twelve (9%) patients died early after revascularization and 12 additional patients 

refused to undergo assessment of LVEF and LV volumes after revascularization. These patients 

were included in the follow-up analysis, but LV volumes and LVEF after revascularization were not 

available.  

Table 1. Clinical Characteristics of Diabetic and Non-Diabetic Patients 

Clinical Characteristics Diabetes (n-=31) No Diabetes (n=98) P value 
Male (%) 22 (71) 83 (85) NS 
Age (years) 63±8 60±9 NS 
CCS 2.6±0.8 2.2±1.1 NS 
NYHA 2.9±1.0 2.5±1.1 NS 
History of myocardial 
infarction (%) 

28 (90) 91 (93) NS 

Q wave MI (%) 22 (81) 88 (90) NS 
Anterior MI (%) 18 (58) 48 (49) NS 
Sinus Rhythm (%) 30 (97) 96 (98) NS 
Smoking (%) 18 (58) 55 (56) NS 
Hypertension (%) 28 (90) 83 (85) NS 
Hypercholesterolemia (%) 15 (48) 39 (40) NS 
Family History (%) 19 (61) 58 (59) NS 
Stenosed coronary arteries 2.6±0.5 2.5±0.7 NS 
LVEF %, mean±SD 28±8 32±9 0.04 
Medical Therapy 
Statins 
Nitrates 
β-Blockers 
Diuretics 
Aspirin/Anticoagulant 
Digoxine 

 
14 (45) 
24 (80) 
16 (52) 
20 (67) 
30 (98) 
11 (35) 

 
50 (51) 
69 (70) 
69 (70) 
59 (60) 
95 (97) 
25 (26) 

 
NS 
NS 
0.07 
NS 
NS 
NS 
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Resting and DSE Results. Table 2 summarizes the results of resting and stress echocardiography. 

The number of segments showing severe wall motion abnormalities was comparable in diabetic and 

non-diabetic patients. Also, baseline LV volumes were similar in the 2 groups. Diabetic patients 

showed a higher WMSI at rest as compared to non-diabetic patients. The analysis of myocardial 

viability showed that the number of viable segments was similar in the 2 groups ( 4.6±3.0 in diabetic 

and 4.2±3.5 in non-diabetic patients, P=NS). Also, the ∆ in WMSI at low-dose and peak-dose of 

dobutamine infusion were comparable (Table 2). Based on the presence of ≥4 viable segments, the 

population was divided in 4 groups: 18 diabetic viable patients, 13 diabetic nonviable patients, 48 

non-diabetic viable patients and 50 non-diabetic nonviable patients. 

 

Table 2. Echocardiographic Data 
Characteristic Diabetes 

(n=31) 
No Diabetes 

(n=98) 
P value 

Severely dysfunctional 
segments  

11.6±3.8 10.4±4 NS 

Viable segments 4.6±3.04 4.2±3.5 NS 

Scar segments 6.9±3.1 6.2±3.1 NS 

WMSI at rest 3.02±0.6 2.8±0.6 0.03 

WMSI at LD 2.6±0.6 2.4±0.6 NS 

WMSI at peak 2.9±0.7 2.7±0.6 NS 

∆WMSI at LD -0.39±0.26 -0.35±0.33 NS 

∆WMSI at peak 0.26±0.34 0.31±0.41 NS 

LVEDV (ml) 181±48 177±57 NS 

LVESV (ml) 122±46 116±51  NS 

LD: low-dose of dobutamine infusion; LVEDV: left ventricular end-diastolic volume; LVESV: 

 left ventricular end-systolic volume; WMSI: wall motion score index. 

 

Improvement in LVEF after Revascularization. An increase in LVEF ≥5% occurred after 

revascularization in 11/25 (44%) diabetic patients and in 31/80 non-diabetic patients (40%) (P=NS). 

In particular, in diabetic, viable patients the LVEF increased from 29±9% to 34 ±8% (P= 0.001), 

whereas the LVEF did not improve in diabetic, nonviable patients (from 32±6% to 30 ±8% , P= 

NS).  
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Similarly, in non-diabetic patients, LVEF increased from 31±9% to 35 ±11% (P=0.004) in viable 

patients whereas LVEF did not improve in nonviable patients (from 32±6% to 34 ±11%, P= NS).  

LV remodeling after Revascularization. After revascularization, LV remodeling occurred in 9/25 

(36%) diabetic and in 28/80 (35%) non-diabetic patients (P=NS). In Figure 1, the LV volumes are 

displayed before and after revascularization, according to diabetes and viability. In non-diabetic 

patients, LV volumes did increase after revascularization in nonviable patients (LVEDV increased 

from 183±51 ml to 193±50 ml, P<0.01 and LVESV from 116±46 ml to 124±48 ml, P<0.01). In 

contrast, LV volumes did not increase in viable patients, indicating prevention of LV remodeling 

(LVEDV: 170±62 ml at baseline vs 169±67 ml, P=NS and LVESV: 116±55 ml vs 111±58 ml, 

P=NS). Similar results were obtained in diabetic patients. In nonviable patients the LVEDV 

increased from 181±43 ml to 196±49 ml (P=0.01), whereas the LVESV increased from 119±43 ml 

to 136±45 ml (P=0.03). In viable patients, the LV volumes did not change significantly (LVEDV:  

181±54 ml vs 173±67 ml, P=NS and LVESV: 127±48 ml vs 125±63 ml, P=NS). 

Figure 1 
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Cardiac Events During Follow-up. A total of 68 cardiac events occurred during the 5-year  follow-

up, including 29 cardiac deaths, 3 myocardial infarctions and 36 hospitalizations for decompensated 

heart failure. Overall, cardiac events were comparable between diabetic and non-diabetic patients 

(48% vs 54% respectively, P=NS). However, in the non-diabetic patients, the viable patients had a 

significantly lower event rate during follow-up as compared to the nonviable patients (8 of 48, 17% 

vs 23 of 50, 46% P=0.03). Cardiac death was more frequent in diabetic as compared to non-diabetic 

patients although the difference was not statistically significant (32% vs 17%, P=NS). The cardiac 

death rates according to the presence of diabetes mellitus and a substantial amount of viable 

myocardium (≥ 4 viable segments) are shown in Figure 2. The highest cardiac death rate was 

observed in the diabetic, nonviable patients (5 of 13, 39%); the lowest cardiac death rate was 

observed in the non-diabetic, viable patients (2 of 48, 4%). Intermediate cardiac death rates were 

observed in diabetic, viable patients (5 of 18, 28%) and in non-diabetic, nonviable patients (17 of 50, 

34%). In diabetic patients, the cardiac death rate during the 5-year follow-up was lower in viable 

patients, although the difference did not reach statistical significance (28% vs 39% respectively, 

P=NS). In non-diabetic patients, cardiac death was significantly less in viable as compared to 

nonviable patients (4% vs 34% respectively, P=0.005).  

Figure 2 
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DISCUSSION 

The findings in the present study demonstrate that the effect of viability on LVEF and LV 

remodeling is similar in patients with and without diabetes. In particular, a comparable increase in 

LVEF post-revascularization was observed in the 2 groups. Also, patients with viable myocardium 

did not exhibit ongoing LV dilatation. In contrast, patients without viability did not improve in 

LVEF and showed ongoing LV remodeling; the effects were similar in patients with and without 

diabetes. These observations demonstrate that pre-operative assessment of viability has comparable 

clinical value in patients with diabetes. 

Finally, patients with viable myocardium had a favourable prognosis as compared to patients 

without viable myocardium. However, diabetic patients with viable myocardium had a similar 

prognosis as compared to non-diabetic patients without viable myocardium. 

Improvement in Left Ventricular Function. The number of patients with ischemic 

cardiomyopathy is increasing rapidly and, despite optimal medical therapy, the prognosis remains 

poor (19).  In particular, the prevalence of patients with diabetes who develop ischemic LV 

dysfunction is rising exponentially (20), and the combination of diabetes and ischemic LV 

dysfunction is associated with worse outcome (21-24). Data from the Framingham Study 

demonstrated that patients with diabetes have a 4-fold increased risk of developing heart failure after 

myocardial infarction (21) and in the SOLVD and RESOLVD trials, diabetes was an independent 

predictor of death (22, 23). Accordingly, aggressive management of patients with diabetes is needed 

and revascularization should be performed if the patient has a high likelihood to benefit from 

revascularization. It is known from studies in non-diabetic patients that improvement in LVEF can 

occur when a substantial amount of viable myocardium (≥25% of the LV) is present but not in the 

absence of substantial viability (1-5). Whether pre-operative assessment of viability is equally 

predictive for recovery of function in diabetic patients is unclear. Accurate identification of patients 

with viable myocardium who can improve in function post-revascularization is of high importance 

in diabetic patients, since revascularization is associated with significantly higher peri-operative 

morbidity and mortality as compared to non-diabetic patients, and also long-term outcome after 

revascularization is worse in diabetic patients (6, 11-13). In the current study, low-high dose DSE 

was used to assess viability; this technique has been extensively validated in previous studies in 

patients with ischemic cardiomyopathy (25). In particular, in the present study, 58% of diabetic and 

49% of non-diabetic patients showed substantial viability on DSE. Similar findings were reported 

using metabolic imaging with positron emission tomography or single photon emission computed 

tomography (26, 27). 
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In addition, the results in the present study indicate that prediction of functional recovery was 

comparable between diabetic and non-diabetic patients, with a significant increase in LVEF in 44% 

of diabetic and 40% of non-diabetic patients. 

Effects Beyond Improvement of Function? Besides improvement of function, LV remodeling is 

an important end-point in patients with ischemic cardiomyopathy.  Numerous studies have 

demonstrated the high mortality in patients with a severely dilated left ventricle (28-30). Moreover, 

prevention of ongoing remodeling resulted in improved survival, both in diabetic and non-diabetic 

patients (31, 32). In the current study, LV remodeling occurred in 36% of diabetic patients and 35% 

non-diabetic patients. In particular, LV volumes increased significantly after revascularization in 

patients without viability (indicating ongoing LV remodeling), whereas LV volumes did not change 

significantly in patients with viable tissue (indicating prevention of further LV remodeling). This 

pattern was observed both in diabetic and non-diabetic patients (Figure 1). Other factors influencing 

LV remodeling (history of (anterior) myocardial infarction, baseline LV volumes, medical therapy 

including ACE-inhibitors and beta-blockers) were comparable between diabetic and non-diabetic 

patients, suggesting that the effect on LV volumes is related to the presence/absence of viable 

myocardium. Limited data are available on the long-term prognosis in diabetic patients in relation to 

viability. It is known from studies in non-diabetic patients that survival is poor in medically treated 

patients with viable myocardium. In a meta-analysis performed by Allman et al (33), the mortality 

rate was 16% in viable patients who were treated medically, in sharp contrast to the 3.2% mortality 

rate in viable patients who underwent revascularization. Only one study reported on the inter-

relation between viability, diabetes, therapy and long-term outcome. Pasquet and colleagues (34) 

demonstrated that medically treated patients with diabetes and viability showed a higher risk of 

death as compared to non-diabetic patients during 3 years follow-up (34). This risk was significantly 

reduced in diabetic patients with viability undergoing  revascularization, but not in diabetic patients 

without viability (34). The current study specifically focused on the prognosis in diabetic patients 

undergoing revascularization in relation to pre-operative viability. During a 5-year follow-up period, 

the lowest cardiac death rate after revascularization was observed in non-diabetic viable patients 

(4%), in line with the results from the meta-analysis by Allman et al (33). Conversely, non-diabetic, 

nonviable patients had a cardiac death rate of 34% (P=0.005 vs viable patients). A similar trend 

(although not significant) was observed in the diabetic patients: viable, diabetic patients had a lower 

cardiac death rate as compared to non-viable, diabetic patients (28% vs 39%, NS). It is of interest 

that the cardiac death rate of non-diabetic, nonviable patients is almost comparable to diabetic, 

viable patients (28% vs 34%, NS). These findings suggest that besides viability, diabetes is 

important for prognosis. 
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 Still, multivariable analysis demonstrated that the presence of viable myocardium was the only 

independent predictor of prognosis after revascularization. However, the interaction between 

viability and diabetes was borderline significant for prediction of cardiac death, suggesting that the 

combination of these 2 parameters is useful for risk stratification before revascularization. Clearly, 

more studies are needed to provide more insight on the prognostic value of viability in diabetic 

patients with ischemic LV dysfunction. 

Study Limitations. A relatively small group of diabetic patients was studied, and larger studies are 

needed. After revascularization, coronary angiography was not repeated. Therefore graft closure or 

restenosis could not be excluded, and may have influenced outcome.  

Conclusions. In diabetic patients with ischemic LV dysfunction, the presence of viable myocardium 

is associated with an improvement in LVEF post-revascularization, similarly to non-diabetic 

patients. In addition, revascularization of viable patients prevented ongoing LV remodeling in 

diabetic patients comparable to non-diabetic patients. Viability was the only predictor of survival 

after revascularization, although the interaction of viability and diabetes was borderline significant. 

Indeed, viable, non-diabetic patients had a better survival compared to viable, diabetic patients. 

Larger studies are needed to further elucidate this issue. 
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SUMMARY  
 

Several studies have demonstrated that coronary revascularization is likely to improve left 

ventricular ejection fraction (LVEF), heart failure symptoms and prognosis predominantly in 

patients with ischemic cardiomyopathy and a substantial amount of viable myocardium but not in 

patients without viability. Some issues about myocardial viability in patients with ischemic 

cardiomyopathy are still unsolved. In particular, why LVEF does not improve after revascularization 

in all patients with a substantial amount of viable myocardium is unknown. Also, it is unclear 

whether additional benefits, beyond improvement of LVEF, may be present after revascularization 

of viable myocardium. These issues were addressed in the present thesis.  

 

Part I of the thesis deals with the following question: why LVEF does not always improve 

after revascularization of patients with a substantial amount of viable myocardium? To answer this 

question, the impact of additional factors, besides viability, on the improvement of LVEF after 

revascularization was investigated. In chapter 2, the presence of subendocardial scar (showing a 

sustained improvement pattern during DSE) was associated with a low likelihood of improvement in 

segmental function after revascularization. This suggests that subendocardial scar may limit 

improvement in function after revascularization of viable myocardium.  

In chapter 3 a scar-to-biphasic model was developed to predict in the individual patient the 

likelihood of improvement of LVEF after revascularization. The model showed that the number of 

both biphasic (viable) and scar (nonviable) segments during DSE needs to be considered to 

accurately predict improvement of LVEF. Indeed, despite the presence of viable myocardium, the 

likelihood of LVEF improvement decreases with the increase of scar segments.  

Next, the impact of the timing of revascularization was investigated. A comparison of early 

versus delayed revascularization in patients with viable myocardium was performed in chapter 4. 

This study, showed that early revascularization (waiting time for revascularization <30 days) was 

associated with high likelihood of improvement in LVEF and favourable prognosis during the 

follow-up. Conversely, delayed revascularization (waiting time >30 days) did result in failure to 

improve in LVEF and was associated with a worse prognosis during the follow-up period. It appears 

that early revascularization of patients with ischemic cardiomyopathy is mandatory in the presence 

of viable myocardium.  

Finally, the impact of LV dilatation on the improvement of LVEF was evaluated in chapter 5 

and 6. Our findings showed that despite myocardial viability, the presence of a severely dilated LV 



 

  

may prohibit improvement of  LVEF after revascularization. The cut-off value of 140 ml in end-

systolic volume accurately identified patients who did not improve in LVEF (chapter 5). This results 

indicates that both viability and LV volumes need to be taken in account to predict improvement in 

LVEF. In addition, in chapter 6 it has been demonstrated that considering together viability and LV 

volumes a better stratification of patients risk may be obtained. This study showed that the lowest 

event rate (5%) after revascularization was present in patients with a substantial amount of viable 

myocardium (≥25% of LV) and end-systolic volume <130 ml, whereas the highest event rate (67%) 

was observed in patients without viable myocardium and end-systolic volume >130 ml. Intermediate 

event-rate were observed in patients with a substantial viable myocardium and end-systolic volume 

>130 ml (38%), as well as in patients without viable myocardium and end-systolic volume <130 ml 

(24%).  

 

Part II of the thesis deals with the additional benefits of revascularization of viable 

myocardium, beyond improvement of function. Traditionally, improvement of LVEF has been 

considered the gold-standard to define successful revascularization. This is because LVEF 

represents an important prognostic indicator in patients with ischemic cardiomyopathy. However, 

from a clinical point of view, LV remodeling, improvement in heart failure symptoms and in cardiac 

stress function as well as the reduction of cardiac events during the follow-up may be relevant end-

points after revascularization. Accordingly, in chapter 7, it has been demonstrated that myocardial 

viability prevents ongoing LV remodeling after revascularization and that the extent of myocardial 

viability is significantly related to the delta in LV volumes after revascularization: the higher the 

extent of viability, the smaller the enlargement of the LV. Also the presence of viability, was 

associated with reverse remodeling (decrease in LV volumes) after revascularization. This beneficial 

effect of viability on LV remodeling was independent from the improvement in LVEF. Indeed, in 

this study, coronary revascularization resulted in improvement in LVEF in 65% of viable patients, 

whereas ongoing LV remodeling was prevented in 88% of viable patients. Hence, after 

revascularization some viable patients did improve in terms of LV remodeling, although failed to 

improve in LVEF. Conversely, in patients without viability, ongoing LV remodeling occurred after 

revascularization The beneficial effect of revascularization of viable myocardium on LV remodeling 

may have important prognostic implications. In the same study, patients with a substantial amount 

of viable myocardium, together with the improvement of LV remodeling, had a persistent 

improvement of heart failure symptoms and less cardiac events during the long-term follow-up. 

Conversely, nonviable patients demonstrated ongoing LV remodeling without an improvement in 



 

  

heart failure symptoms after revascularization. Moreover, the cardiac event rate was higher in these 

patients.  

Next, in chapter 8, it has been demonstrated that, in patients with a substantial amount of 

viable myocardium, although resting LVEF not always improves after revascularization, LVEF at 

peak dobutamine stress echocardiography does improve. In particular, in this study, resting LVEF 

did not improve in 48% of viable patients. However, the peak-stress LVEF did improve in 19 of 24 

patients (79%) without improvement in resting LVEF. Therefore, post-operative DSE identified 

additional patients who benefit from revascularization in terms of global stress function, despite 

failure to improve in resting function. This finding indicates that assessment of the LVEF response 

to low-high dose DSE after revascularization may be a more appropriate strategy to fully evaluate 

the benefit of revascularization.  

The next important issue was whether improvement in LVEF after revascularization always 

translates in an improvement in heart failure (chapter 10). Interestingly, this study showed that in 

patients with viable myocardium improvement in LVEF is virtually always accompanied by an 

improvement in heart failure symptoms; however, in a high proportion of viable patients (75%) 

heart failure symptoms did improve even though LVEF failed to improve after revascularization. 

Conversely, in nonviable patients both LVEF and heart failure symptoms failed to improve after 

revascularization.  

Thereafter, the effect of myocardial viability on long-term outcome was evaluated. In chapter 

9, it has been demonstrated that improvement of LVEF at 1 year after revascularization does persist 

during a long-term follow-up of 4 years. In chapter 11 it has been shown that the presence of 

myocardial viability is an independent predictor of favourable prognosis after revascularization. In 

this study, the cardiac death rate during the 5 years follow-up was 10% in viable patients as 

compared to 29% in nonviable patients. This difference was statistically significant. The prognostic 

value of myocardial viability hold true also in diabetic patients (chapter 13).  

Finally, the impact of improvement in LVEF after revascularization on long-term prognosis 

was evaluated. This study showed that the best prognosis after revascularization may be observed in 

viable patients who improve in LVEF, whereas the worse prognosis is observed in nonviable 

patients. Viable patients who do not improve in LVEF after revascularization have an intermediate 

prognosis. This suggests that although LVEF is an important determinant of prognosis, still 

alternative beneficial effects of viability may prevent a very poor prognosis in viable patients who 

do not improve in LVEF.  



 

  

Conclusions. The findings in this thesis indicate that besides myocardial viability, additional 

factors may affect the outcome of coronary revascularization. Therefore a careful integration of data 

about viability, extent of scar tissue, degree of LV remodeling and duration of hibernation is needed 

in order to predict improvement of LVEF after revascularization. In addition this thesis shows that, 

beyond improvement of LVEF, other beneficial effects may occur after revascularization of viable 

myocardium. Therefore, prevention of LV remodeling, improvement in stress function, in heart 

failure symptoms and long-term prognosis need to be considered to evaluate fully the success of 

coronary revascularization. 
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Samenvatting en Conclusies. 

Verschillende studies hebben aangetoond dat coronaire revascularizatie een verbetering van de 

linker ventrikel ejectie fractie (LVEF), hartfalen symptomen en prognose kan verbeteren bij 

patiënten met ischemische cardiomyopathie en een substantiële hoeveelheid vitaal myocardweefsel . 

Meerdere vragen betreffende myocardvitaliteit bij patiënten met ischemische cardiomyopathie zijn 

nog onbeantwoord. In het bijzonder, waarom verbetert de LVEF niet in alle gevallen bij patiënten 

die wel een substantiële hoeveelheid vitaal myocardweefsel hebben? Ook is het onduidelijk of er 

additionele voordelen zijn, naast verbetering van LVEF, na revascularizatie van vitaal myocard. 

Deze zaken werden onderzocht in dit proefschrift. 

 Deel 1 van het proefschrift onderzoekt de volgende vraag: waarom verbetert de LVEF niet 

altijd na revascularizatie bij patiënten met een substantiële hoeveelheid vitaal myocardweefsel? Om 

deze vraag te beantwoorden werd de invloed van andere factoren, naast vitaliteit, op de verbetering 

van LVEF na revascularizatie onderzocht. In hoofdstuk 2, werd aangetoond dat de aanwezigheid 

van een subendocardiaal litteken is geassocieerd met een lage kans op verbetering van segmentele 

functie na revascularizatie. In hoofdstuk 3 werd aangetoond dat zowel het aantal vitale als nonvitale 

segmenten dient te worden beschouwd om verbetering van LVEF nauwkeurig te voorspellen. 

Ondanks de aanwezigheid van vitaal weefsel, verminderd de kans op verbetering van LVEF 

naarmate het aantal verlittekende segmenten toeneemt. Vervolgens werd de invloed van de timing 

van revascularizatie onderzocht. Deze studie (hoofdstuk 4) toont aan dat vroege revascularizatie 

geassocieerd is met een hogere kans op verbetering in LVEF en een gunstige prognose vergeleken 

met vertraagde revascularizatie. Het lijkt er op dat vroege revascularizatie bij patiënten met 

ischemische cardiomyopathie aangewezen is als er vitaal weefsel aanwezig is. Tenslotte werd de 

invloed van LV dilatatie op de verbetering van LVEF onderzocht in hoofdstuk 5 en 6. Onze 

bevindingen tonen dat ondanks de aanwezigheid van myocardvitaliteit, de aanwezigheid van een 

ernstig gedilateerde LV de verbetering in LVEF na revascularizatie kan verhinderen (hoofdstuk 5). 

Bovendien, werd in hoofdstuk 6 aangetoond dat als zowel vitaliteit als LV volumina in ogenschouw 

worden genomen een betere risicostratificatie kan worden verkregen. De laagste event rate (5%) na 

revascularizatie was aanwezig bij patiënten met een substantiële hoeveelheid vitaal myocard (>25% 

van de LV) en een eindsystolisch volumen <130 ml, terwijl de hoogste event rate (67%) werd 

waargenomen bij patiënten zonder vitaal myocardweefsel en een eindsystolisch volume >130 ml. 

Deel 2 van het proefschrift behandelt de toegevoegde voordelen van revascularizatie van vitaal 

myocardweefsel, naast verbetering van functie. Traditioneel wordt verbetering van LVEF 

beschouwd als de gouden standaard om een succesvolle revascularizatie te definiëren.  

 



 

  

 Echter vanuit klinisch oogpunt, kunnen ook LV remodeling, verbetering van hartfalen symptomen 

en reductie van het aantal cardiale events zinvolle eindpunten zijn. In hoofdstuk 7 werd aangetoond 

dat myocardvitaliteit het proces van LV remodeling kan verhinderen en dat de uitgebreidheid van 

myocardvitaliteit significant is gerelateerd aan verandering van LV volume na revascularizatie. Dit 

voordelige effect van myocardvitaliteit op LV remodeling trad op onafhankelijk van verbetering in 

LVEF. Vervolgens werd in hoofdstuk 8 aangetoond dat bij patiënten met een substantiële 

hoeveelheid vitaal weefsel, de LVEF gedurende dobutamine stress echocardiografie kan verbeteren 

ondanks een achterwege blijven van verbetering van LVEF in rust. Deze bevinding geeft aan dat het 

vaststellen van LVEF gedurende   dobutamine stress echocardiografie een zinnige aanvulling kan 

zijn om de voordelen van revascularizatie volledig te onderzoeken. De volgende belangrijke vraag 

was of een verbetering van LVEF na revascularizatie zich altijd vertaald in een verbetering van 

hartfalen (hoofdstuk 10).  Interessant genoeg toonde deze studie aan dat bij patiënten met vitaal 

myocardweefsel een verbetering van LVEF vrijwel altijd vergezeld gaat van een verbetering van 

hartfalen symptomen. Echter in een groot deel van de patiënten (75%) met vitaal myocardweefsel 

verbeterde de hartfalen symptomen ook als er geen verbetering van LVEF aantoonbaar was.  

Omgekeerd, verbeterde de LVEF en hartfalen symptomen nooit bij patiënten zonder vitaal weefsel 

na revascularizatie. Tenslotte werd het effect van myocardvitaliteit op lange termijn prognose 

geëvalueerd. In hoofdstuk 9 werd aangetoond dat verbetering van LVEF na revascularizatie 

persisteert gedurende een lange termijn follow-up van 4 jaar. In hoofdstuk 11 werd aangetoond dat 

de aanwezigheid van myocardvitaliteit een onafhankelijke voorspeller is van een gunstige prognose 

na revascularizatie. In deze studie was het aantal cardiale sterfgevallen gedurende 5 jaar follow-up 

10% bij de patiënten met myocardvitaliteit en 29% bij de patiënten zonder vitaliteit. Dit verschil was 

statistisch significant. De prognostische waarde van myocardvitaliteit geldt ook voor patiënten met 

diabetes mellitus (hoofdstuk 13). Tenslotte werd de invloed van verbetering in LVEF na 

revascularizatie op de lange termijn prognose bestudeerd. Deze studie toonde dat patiënten met 

myocardvitaliteit die verbeteren in LVEF de beste prognose hebben terwijl patiënten zonder 

myocardvitaliteit een ongunstige prognose hebben. Patiënten met myocardvitaliteit die niet 

verbeteren in LVEF na revascularizatie hebben een prognose die hier tussen in ligt. Dit suggereert 

dat alhoewel LVEF een belangrijke determinant van de prognose is er daarnaast alternatieve 

gunstige effecten van myocardvitaliteit bestaan die een gunstig effect hebben op de prognose. 

Conclusies. De bevindingen in dit proefschrift tonen dat er naast myocardvitaliteit, additionele 

factoren bestaan die de prognose na coronaire revascularizatie beïnvloeden. Daarom is een 

zorgvuldig onderzoek van gegevens over vitaliteit, uitgebreidheid van littekenweefsel, graad van LV 

remodeling en de duur van hibernatie nodig om verbetering van LVEF na revascularizatie te kunnen 



 

  

voorspellen. Daarnaast laat dit proefschrift zien dat naast verbetering van LVEF er andere gunstige 

effecten kunnen optreden na revascularizatie van vitaal myocardweefsel. Ook preventie van LV 

remodeling, verbetering van myocardfunctie gedurende een stress test, verbetering van hartfalen 

symptomen en lange termijn prognose dienen te worden bestudeerd om het succes van coronaire 

revascularizatie te bepalen. 
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