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Background: This study was designed to investigate the accuracy of dobutamine stress echocardiography (DSE) in detect-
ing the post-revascularization recovery rate of contractile reserve (CR) in ischemic myocardium.

Methods: A total of 112 segments from seven patients with low ejection fraction (<35%) and coronary artery disease were
evaluated with DSE one week before and 12 weeks after coronary artery bypass graft surgery (CABG). Sensitivity, specificity,
and positive and negative predictive values of DSE for detecting the recovery rate of CR were calculated based upon their
standard definition and were presented with 95% confidence intervals (CI).

Results: The mean baseline left ventricular ejection fraction was 31+4%, which reached 35+7% after CABG unremark-
ably. The recovery rates of resting function and CR were 18.2% and 50% for hypokinetic and 15.6% and 24.1 for akinetic
segments respectively. Specificity, sensitivity, and positive and negative predictive values of DSE for detecting the recovery of
CR were 83% (CI=69-97), 89% (CI=83-96), 94% (CI = 88-99), and 73 % (CI = 55-88), respectively.

Conclusion: Despite acceptable sensitivity, specificity, and positive predictive value, DSE has a relatively lower negative
predictive value for detecting the recovery of CR in ischemic myocardium and, consequently, the full extent of myocardial
viability. Further sensitive techniques may, therefore, be needed to provide complementary information regarding long-term
functional outcome.
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Introduction

Hibemating myocardium defines the reversible helps make clinical decisions regarding recommendation
contractile function of dysfunctional left ventricular for revascularization in patients with severe ischemic LV
(LV) segments subtended by stenotic coronary arteries in  dysfunction.’
patients with chronic coronary artery disease following Among different noninvasive imaging techniques,
revascularization.'* Detection of the contractile reserve (CR)  dobutamine stress echocardiography (DSE) is usually the
of hibernating myocardium by noninvasive testing currently initial approach for detecting hibernating myocardium
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because it is inexpensive, widely available, and has a good
predictive value.® It is now becoming increasingly clear that
certain myocardial segments are resistant to dobutamine
stimulation but eventually show recovery of function after
revascularization and, hence, are defined as hibernating.’
It has been suggested that the recovery of resting function
may be an inappropriate standard viability assessment and
that improvement in CR is even more important in terms of
functional capacity, preventing LV remodeling, and long-
term prognosis.*®

Improvement in left ventricular ejection fraction (LVEF)
and heart failure symptoms after revascularization is
associated with the presence of CR in a substantial number
of segments in DSE; therefore, findings of DSE may guide
therapeutic management in patients with severely ischemic
LV dysfunction. We investigated the diagnostic accuracy of
DSE to predict the degree of recovery in CR after surgical
revascularization of the ischemic myocardium.

Methods

The study population comprised 7 patients with chronic
coronary artery disease and severe LV dysfunction (EF<35)
who underwent coronary artery bypass grafting (CABG).
Patients with a recent acute myocardial infarction, significant
valve disease, or inadequate image quality were not
included. All the patients underwent DSE one week before
intervention and repeated DSE at 3 months post-CABG. All
the studies were observed by two independent experienced
observers. The study findings were analyzed using the rest
and dobutamine echocardiography report. The study was
approved by the Ethics Committee of the hospital.

Dobutamine stress echocardiography

Echocardiography was performed with a 2.5-MHz
transducer, Toshiba, version 5000, under resting conditions
and during each dobutamine infusion step. Beta-blockers,
calcium antagonists, and nitrates were discontinued in
patients at least 2 days before DSE.

After baseline echocardiography, dobutamine infusion
was initiated using a mechanical pump. Dobutamine
was delivered intravenously beginning at 5 p/kg/min for
three minutes and increased by 5 wkg/min increments
every three minutes to 15 w/kg/min, at which dose it was
administered for an additional three minutes. Blood pressure
was measured periodically. 12-lead ECG was continuously
monitored throughout the study and during the recovery
phase. Infusion was terminated when severe hypotensive or
hypertensive response, significant arrhythmias, prolonged
angina, significant electrocardiographic changes, appearance
of new wall motion abnormalities in at least two segments, or
completion of the protocol was observed. Echocardiographic
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images were analyzed off-line using a 16-segment model.”
Segmental wall motion was scored on a four-point scale: 1;
normal, 2; hypokinetic (severely reduced wall thickening and
inward wallmotion), 3; akinetic (absence of systolic thickening
and wall motion), and 4; aneurismal (dyskinetic regions with
a diastolic contour abnormality). Regional LV function was
assessed by resting and dobutamine echocardiography one
week before and 3 months after intervention. A regional wall
motion score index (WMSI) was quantified by summing the
grades for each segment and dividing it by the total number
of segments analyzed for each patient.

Demonstration of wall thickening in a previously akinetic
segment or normalization of thickening in a previously
hypokinetic segment was considered as criteria for myocardial
viability. Improvement in segmental wall motion at stress
by at least one grade compared with the baseline rest study
was considered as recovery of CR in the follow-up study.
Recovery of resting function in the follow-up studies was
expressed by improvement on resting segmental wall motion
after CABG at least one grade or more compared with the
baseline rest study before CABG.

Left ventricular ejection fraction was measured at baseline,
and peak dobutamine dosage was determined using an
available software program that applied Simpson's rule on
the apical two-chamber and four-chamber views.

CABG

Surgery was performed by cardiac surgeons using
cardiopulmonary bypass and mild hypothermia (32-34 °C).
Every effort for complete revascularization was made during
the operation to graft all epicardial vessels with significant
stenosis. The median number of grafts was three (range 1-5);
the cardiopulmonary bypass time was 64 minutes and the
aortic clamp time 41 minutes.

Statistical analysis

Recovery rates at rest and stress are given with 95%
confidence interval (CI). Continuous data are expressed as
mean+SD and compared using the Student’s t-test for paired
and unpaired data when appropriate. Univariate analysis for
categorical variables was performed using the chi-square
test. Sensitivity, specificity, and positive and negative
predictive values (PPV & NPV) are based upon their standard
definition and presented with their 95% CI. A p value<0.05
was considered significant.

Results

In all, 7 patients (mean age of 51.6£8.9 years, one woman),
were enrolled in the study. There was no death or ischemic
event during surgery or follow-up period. The mean baseline
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LVEF of all the patients was 31+3.7%. Clinical, laboratory,
and operative characteristics are shown in Table 1.

Table 1. Clinical, angiographic and operative data of study patients
(n=7)

variables No of patients
EF 25-30% 1
EF 30-35%

History of myocardial infarction

Stable angina
Dyspnea (NYHA I-1I)
Previous CABG
Diabetes
Hypertension
Dyslipidemia
Smoking

2-vessel disease

A= D WD O NN

3-vessel disease
Number of distal coronary anastomoses
2
3
4
5

EF, Ejection fraction; NYHA, New York heart association classification;
CABG, Coronary artery bypass grafting

—_ A = =

DSE before surgery

A total of 112 myocardial segments were analyzed (16
segments per patient), of which 76 (68%) had baseline
wall motion abnormalities: 44 (39%) were hypokinetic and
32 (29%) akinetic. The responses of the 76 dysfunctional
segments to dobutamine were as follows: continuous
improvement in 43 segments (56.5%) and no change in 33
(43.4%). Evidence of CR was demonstrated in 9.4% (3/32)
of the akinetic segments, while there was no CR in 90.6%
(29/32) of them. Evidence of CR was demonstrated in
90.9% (40/44) of the hypokinetic segments, while there was

no CR in 9.1% (4/44) of them. Thus, myocardial viability
was detected more frequently in hypokinetic than in akinetic
segments (P<0.0001).

After dobutamine injection, CR was presented in 79
(70.5%) of 112 segments and absent in 33 (29.5%). Wall
motion score index was 1.96 at rest and decreased to 1.71
when stressed.

The mean baseline LVEF of all the patients was 31£3.7%,
which reached 43.6+10% after dobutamine infusion.

Effect of coronary revascularization on LV
function

Mean LVEF at rest increased insignificantly from 32+4%
preoperatively to 35+7% post surgery. Wall motion score
index at rest decreased from 1.96 preoperatively to 1.89
at follow-up insignificantly. Recovery of resting function
was evident in 18% of hypokinetic and 15.6% of akinetic
segments, whereas recovery in CR was evident in 50% of
hypokinetic and 24.1% of akinetic segments.

Accuracy of DSE in predicting the recovery of CR

after revascularization

Main findings are summarized in Table 2, Table 3 and Figure
1 Calculated sensitivity and specificity of DSE in detecting
the recovery of CR in all segments were 89.2% (95%CI, 83-
96) and 82.8% (95%CI, 69-97), respectively. The PPV of
DSE for detecting CR was 93.7% (95%CI, 88-99) and NPV
was 72.7% (95%CI, 57-88). From 33/112 segments without
CR before surgery, 9 (27.3%) presented CR and 27(72.7%)
showed no CR after CABG. From 79/112 segments with CR
before CABG, 74 (93.5%) showed CR while 5 (6.5%) did
not show CR after surgery.

Results of DSE before and after surgical intervention are
depicted in Table 2.

Table 2. Comparison of myocardial segments with different function in terms of the presence of CR, detected by DSE, before and after CABG in 112

segments
Before CABG After CABG

Wall motion With CR Without CR Total With CR Without CR Total

N (%) N (%) N N (%) N (%) N
Normal 36 (100) 0 36 47 (100) 0 47
Hypokinetic 40 (91) 49 44 31 (94) 2(6) 33
Akinetic 309 29 (91) 32 5(16) 27 (84) 32
Total 79 (71) 33 (29) 112 83 (74) 29 (26) 112

CR, Contractile reserve; DSE, Dobutamine stress echocardiography; CABG, Coronary artery bypass grafting; N, Number

Of 29/32 akinetic segments without CR before CABG,
7/29 had CR after CABG, and 5/7 of them recovered resting
function while 22/29 had neither recovery of CR nor recovery
of resting function after CABG. All 3/32 akinetic segments
with CR before surgery showed CR after surgery, but none of

them recovered resting function.

From 40/44 hypokinetic segments with CR before surgery,
36/40 had CR after surgery and 8/36 of them recovered
resting function while 4/40 had neither recovery of CR
nor recovery of resting function after CABG. From 4/44
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hypokinetic segments without CR before surgery, 2/4 had
CR after surgery and 2/4 did not, while none of them had
recovered resting function.

Outcome of wall motion at baseline (resting function) in
112 left ventricular segments is demonstrated in Figurel.

Normal 36 47
Hypokinetic 44 33
Akinetoc/Dyskinetic 32 32
Before CABG After CABG
(N:112) (N:112)

Figurel: Outcome of wall motion at baseline in 112 left ventricular segments
after revascularization. The numbers in the boxes show the number of
normal, hypokinetic, and akinetic/dyskinetic segments. The numbers on the
arrows indicate the number of segments showing wall motion changes after
coronary artery bypass grafting (CABG)

Table 3. Accuracy of dobutamine stress echocardiography for recovery of
contractile reserve in 112 segments at 3 months after coronary artery bypass
grafting

Accuracy % (95%CTI)
Recovery rate 27.3 (12-43)
Sensitivity 89.2 (83-96)
Specificity 82.8 (69-97)
PPV 93.7 (88-99)
NPV 72.7 (57-88)

CI, Confidence interval; NPV, Negative predictive value; PPV, Positive
predictive value

Discussion

In agreement with previous reports**® this study provides
evidence to confirm high sensitivity and specificity of DSE
to detect the recovery of CR in ischemic myocardium after
revascularization.

It has been reported that CR is present more frequently
in hypokinetic than in akinetic segments.* In line with
this report, in our study, 90.9% of hypokinetic segments
demonstrated CR before CABG and 86.4% of them showed
CR after CABG. In contrast, among akinetic regions, 9.4%
showed CR before CABG and 31.3% showed CR after
CABG respectively.

The results of this study also indicate that the recovery
rate of resting function is quite low (18%) for hypokinetic
segments. This indicates that low-dose DSE is less
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effective in identifying improvement of resting function
in hypokinetic segments that will improve function after
revascularization. Possible reasons for this judgment have
been explained previously.!®!! Hypokinetic segments may
contain a mixture of a considerable amount of scar tissue
and some normal myocardium.! In this case, inotropic
stimulation may provoke hypercontraction of normally
perfused myocardium, thus showing a positive response.
This, however, would not translate into an improvement of
function after revascularization. In addition, in our study
the recovery rate of akinetic segments was 15.6% and the
amounts of increase in EF and decrease in WMSI were
insignificant. Zaglavara et al. reported recovery rate of 52%
in hypokinetic and 39% in akinetic segments and significant
increase in EF (10%) 6 months after CABG. Also, they
reported a significant decrease in WMSI at 6 weeks after
CABG.* The possible reasons for these different results may
be firstly, longer follow-up time of their study, and secondly,
relatively long waiting list of CABG in our center (mean
of 6 months). A reduction in myocardial contractility in
hibernating myocardium conserves metabolic demand and
may be protective, but prolonged and severe hibernation may
lead to severe ultrastructural abnormalities, irreversible loss
of contractile units, and apoptosis.'?

Apparently, a relatively intact contractile apparatus is
required for the demonstration of CR, and myocardial
segments with advanced ultrastructural changes may not
respond to dobutamine despite the presence of other markers
of viability such as preserved metabolism or membrane
function.'>'* On the basis of these observations, it has been
suggested that nuclear imaging may be more suitable than
DSE for the assessment of myocardial viability in patients
with depressed LV function and presumably more advanced
myocardial ultrastructural damage.

Beingable to predict early recovery in CR is of major clinical
importance, particularly in patients with severely depressed
LV function, because it can give an estimate of myocardial
response to inotropes during the early postoperative period
and, thus, an indication of early postoperative and in-hospital
morbidity and mortality.'

Severely depressed LV ejection fraction and worse
functional status independently increase the risk of CABG.'¢
In these patients, the decision for CABG must balance the
perioperative risk against the benefit of long-term functional
improvement in the presence of myocardial viability. It seems
that more than one method for viability detection is necessary
to make the correct treatment decision in such cases. DSE
may be valuable for the prediction of the early response of
the hibernating myocardium to revascularization, whereas
other more sensitive techniques may provide complementary
information regarding long-term functional outcome. Using
nuclear techniques (known to be more sensitive but less
specific than DSE) in conjunction can be helpful in detecting
the recovery of CR as an end point.
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Conclusion

Despite acceptable sensitivity, specificity, and positive
predictivevalue, DSEhasarelatively lowernegative predictive
value for detecting the recovery of CR and, consequently,
full extent of myocardial viability in ischemic myocardium.
Further sensitive techniques like nuclear techniques may,
therefore, be required to provide complementary information
on long-term functional outcome.

This Study had the following limitation. We only
indicated patients with severe LV impairment so that
despite the relatively small number of patients, the number
of dysfunctional segments was adequate to give statistical
significance to the results. Because of the low percentage
of women, findings may not fully apply to women, who are
reported to have worse outcomes after CABG compared with

men."”
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