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Contractile reserve assessed by dobutamine 
test identifies super-responders to cardiac 
resynchronization therapy
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A b s t r a c t

Introduction: In this study, we sought to determine whether myocardial con-
tractile reserve (CR) assessed by dobutamine stress echocardiography (DSE) 
can identify patients who experience nearly complete normalization of left 
ventricular (LV) function after the implantation of a cardiac resynchroniza-
tion therapy (CRT) pacemaker.
Material and methods: The study group consisted of 55 consecutive pa-
tients with non-ischemic dilated cardiomyopathy, LV ejection fraction (LVEF) 
< 35%, and prolonged QRS complex duration, who were scheduled for CRT 
pacemaker implantation. The DSE (20 µg/kg/min) was performed in all pa-
tients. The CR assessment was based on a change in the wall motion score 
index (ΔWMSI) and ΔLVEF during DSE. Super-response was defined as an 
increase in LVEF to > 50% and reduction in left ventricular end-systolic di-
mension to < 40 mm 12 months following the CRT implantation.
Results: A  total of 7 patients (12.7%) were identified as super-responders 
to CRT. When compared to non-super-responders, these patients had signifi-
cantly higher values of the dobutamine-induced change in ΔWMSI (1.031 
±0.120 vs. 0.49 ±0.371, p < 0.01), and ΔEF (17.9 ±2.2 vs. 8.8 ±6.2, p < 0.01). 
Receiver operating characteristic analysis showed that dobutamine-induced 
changes in ΔWMSI ≥ 0.7 and ≥ 14% for ΔEF are the best discriminators for 
a super-response. Patients with ΔWMSI ≥ 0.7 and ΔEF ≥ 14% are significant-
ly less often hospitalized (p < 0.01) for worsening of heart failure during 
28.5 ±3.0 months of the follow-up.
Conclusions: Contractile reserve assessed by DSE can identify patients with 
dilated cardiomyopathy who are likely to experience near normalization of 
LV function following CRT.

Key words: cardiac resynchronization therapy, super-response, dobutamine 
stress echocardiography, contractile reserve.

Introduction

Although cardiac resynchronization therapy (CRT) is an established 
treatment option for patients with heart failure, depressed left ventric-
ular ejection fraction (LVEF) and left bundle branch block (LBBB) or pro-
longed duration of the QRS complex [1, 2], a  significant proportion of 
treated patients still lack functional, clinical and structural improvement. 
Identification of non-responders to CRT has been a matter of intensive 
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investigation over the last several years. The ab-
sence of myocardial contractile reserve (CR),  
as assessed by dobutamine stress echocardiogra-
phy (DSE), could detect patients who are less like-
ly to respond beneficially to CRT [3]. 

On the other hand, some patients experience 
a  complete functional and echocardiographic re-
covery during CRT [4]. These patients are termed 
super-responders. Female gender, non-ischemic 
etiology of heart failure, typical left bundle branch 
block morphology [5], as well as lower left ven-
tricular dimensions and greater global longi-
tudinal strain [6] were found to predict the su-
per-response to CRT. However, to the best of our 
knowledge, there are no studies which evaluate 
a  predictor role of CR in these patients. In this 
study we sought to determine whether myocar-
dial CR assessed by dobutamine stress echocar-
diography (DSE) can identify patients with dilated 
cardiomyopathy who experience nearly complete 
normalization of left ventricular (LV) function after 
the implantation of a CRT pacemaker.

Material and methods

The study group consisted of 55 consecutive 
patients with non-ischemic dilated cardiomyopa-
thy, referred for CRT pacemaker implantation. The 
patients were included if they had: 1) symptoms 
of heart failure, defined as NYHA class II–IV, for at 
least 6 months prior to CRT, 2) LVEF < 35%, and  
3) QRS complex for a  duration longer than 130 
ms. If the duration of the QRS complex was less 
than 150 ms, interventricular mechanical delay 
would have to be longer than 40 ms and tran-
saortic pre-ejection delay should be longer than 
140 ms [2]. All patients underwent coronary angi-
ography; those patients with significant stenosis 
of coronary arteries or previous myocardial infarc-
tion were not included in this study. All patients 
signed informed consent prior to inclusion in the 
study. 

Baseline assessment

Echocardiography. Echocardiographic exam-
inations were performed using a  VIVID 7 echo 
machine (General Electric, Horten, Norway). Left 
ventricular end-systolic and end-diastolic diame-
ters and LVEF were determined according to the 
recommendations of the American Society of 
Echocardiography [7]. Interventricular mechanical 
delay was calculated as the difference between 
transpulmonary and transaortic pre-ejection in-
tervals. Values above 40 ms were considered 
a sign of interventricular dyssynchrony. 

Dobutamine stress echocardiography. The DSE 
was performed in all patients in incremental 
stages lasting 5 min each, with an initial dose 

of 5 mg/kg/min, which was increased to 10 mg/
kg/min, and finally to 20  mg/kg/min. The infu-
sion was discontinued before the maximum dose 
when 85% of the maximum predicted heart rate 
for that age group was reached (as recommend-
ed by the American Society of Echocardiography),  
or symptomatic non-sustained or sustained ven-
tricular tachycardia was observed. β-Blockers 
were stopped 48 h before the dobutamine testing 
in all patients when it was possible. Wall motion 
score index and ejection fraction were evaluated 
as indices of left ventricular contractility. The LVEF 
was determined by Simpson’s biplane formula. 
Left ventricular wall motion score index (WMSI) 
was calculated by using a 16-segment model of 
the left ventricle [8]. The CR was defined as the 
difference between the values of these indices 
obtained at the peak dobutamine dose during the 
test and the baseline values [9, 10].

6-minute walk test (6MWT). The walking test 
was performed indoors, along a  flat, enclosed, 
25-m-long corridor with a hard surface, according 
to the American Thoracic Society guidelines [11]. 
The patients were instructed to walk at a  pace 
from relatively slow to slightly tiring.

Pacemaker implantation

All leads were placed transvenously via the 
subclavian route. A coronary sinus venogram was 
obtained using a  balloon catheter, followed by 
insertion of the LV pacing lead. A coronary sinus 
electrode was placed in a posterolateral or lateral 
tributary vein of the coronary sinus with an over-
the-wire system. The atrioventricular interval was 
set prior to the discharge according to the previ-
ously defined criteria [12].

Follow-up

Patients were examined at intervals of 3, 6 and 
12 months after CRT device implantation. Assess-
ment of NYHA class, 6MWT, and echocardiograph-
ic measurement of LV diameters and ejection 
fraction were performed at each visit. Patients 
whose ejection fraction improved to 50% or more 
and whose left ventricular end-systolic diameter 
(LVESD) decreased below 40 mm after 12 months 
of CRT were considered as super-responders [5]. 

After completion of the 12-month follow-up, 
patients were followed regularly at 6-month inter-
vals in our outpatient clinic, or they were contact-
ed by phone. The time to hospitalization for wors-
ening of heart failure or death was determined for 
all patients.

Statistical analysis

All data are presented as the mean ± SD value. 
Comparisons of clinical and echocardiographic in-
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dices between the groups were performed by Stu-
dent’s t-test, when the data were normally dis-
tributed. Receiver operating characteristic (ROC) 
curves were used to determine the cutoff points 
for dobutamine test indices of CR which discrim-
inate between super-responders and non-super- 
responders, as defined in the methodology sec-
tion. Area under the curve (AUC) was calculated 
for both dobutamine test indices. Kaplan-Meier 
curves were constructed for the time to death or 
to hospitalization for worsening of heart failure in 
super-responders and non-super-responders.

Results

Study population

In the study group, 46 (83%) patients were 
male and 9 (17%) were female. The mean age was 
59.3 ±10.4 years. Out of the total number, 11 pa-
tients were in NYHA class IV, 40 patients in NYHA 
class III, and 4 in NYHA class II. The mean duration 
of QRS complex was 173.7 ±17.9 ms; 4 patients 
had a non-specific intraventricular conduction de-
lay, and 51 patients had typical left bundle block 
QRS morphology. Five patients had QRS duration 
between 130 ms and 150 ms, and the others had 
QRS complex duration longer than 150 ms. Inter-
ventricular mechanical delay was 65.9 ±30.8 ms. 
A CRT-ICD device was implanted in 5 patients and 

a CRT pacemaker in the rest of the patients. Other 
baseline data are presented in Table I.

Dobutamine stress echocardiography

β-Blockers were stopped in 54 patients 48 h  
prior to testing. During DSE the heart rate in-
creased from 75.4 ±11.5 beats/min at baseline to 
107.6 ±18.1 beats/min at the peak dose of dobuta-
mine. Similarly, systolic blood pressure rose from  
128 ±22 mm Hg at baseline to 156 ±31 mm Hg at 
the end of the test, whereas diastolic blood pres-
sure rose from 82 ±15 mm Hg to 94 ±15 mm Hg. 
During the test, two patients had single prema-
ture ventricular beats, and 1 patient had a short 
run of 3 premature ventricular beats. None of the 
patients experienced chest pain, hypotension or 
hypertension. WMSI changed from 2.6 ±0.3 at 
baseline to 2.1 ±0.4 at the peak dose of dobu-
tamine (p < 0.001), whereas LVEF changed from  
16.9 ±7.3% to 26.8 ±10.2% (p < 0.001). 

Follow-up

The mean duration of the follow-up in our study 
group was 28.5 ±3.0 months. Four patients died 
during the follow-up, and 14 patients were hospi-
talized for worsening of heart failure symptoms. 
Seven patients fulfilled previously defined crite-
ria for a super-response to CRT. Baseline clinical 

Table I. Baseline clinical and echocardiographic characteristics

Parameter All patients Super-responders
(n = 7)

Non-super- 
responders (n = 48)

Value of p*

Age 59.3 ±10.4 60.9 ±10.2 59.1 ±10.5 0.68

Female gender 9 (16.4%) 2 (28.6%) 7 (14.6%) 0.32

NYHA class 3.0 ±0.5 2.6 ±0.2 3.1 ±0.5 0.04

LBBB 51 (92.7%) 7 (100%) 44 (91.6%) 0.42

AF 9 (16.4%) 0 (0%) 9 (18.8%) 0.21

QRS duration [ms] 173.7 ±17.9 192.3 ±20.1 171.0 ±16.04 0.03 

6MWT [m] 317.5 ±49.4 369.4 ±22.0 309.7 ±47.7 < 0.01 

LVEDD [mm] 69.8 ±8.9 62.7 ±2.4 70.8 ±9.0 0.02 

LVESD [mm] 53.7 ±11.6 42.9 ±4.3 55.2 ±11.5 < 0.01 

LVEF [%] 16.9 ±7.3 19.4 ±5.4 16.5 ±7.5 0.33

RVEDD 23.7 ±6.5 25.1 ±0.9 23.5 ±6.9 0.54

MR 1.5 ±1.3 0.6 ±0.8 1.7 ±1.3 0.03 

ΔWMSI 0.57 ±0.39 1.031 ±0.120 0.49 ±0.371 < 0.01 

ΔEF 9.95 ±6.541 17.857 ±2.1931 8.792 ±6.152 < 0.01 

LBBB – left bundle branch block, AF – atrial fibrillation, 6MWT – 6-minute walking test, LVEDD – left ventricular end-diastolic dimension, 
LVESD – left ventricular end-systolic dimension, LVEF – left ventricular ejection fraction, RVEDD – right ventricular end-diastolic dimension, 
MR – mitral regurgitation, ΔWMSI – wall motion score index change during the dobutamine test, ΔEF – ejection fraction change during the 
dobutamine test; *p value corresponds to relation between super-responders and non-super-responders
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and echocardiographic data were compared be-
tween super- and non-super-responders (Table I).  
Super-responders had significantly better indi-
ces for CR, as well as longer QRS duration, low-
er NYHA class and better results in the 6-minute 
walk test. They also tended to have smaller di-
ameters of the heart, and less pronounced mitral 
regurgitation.

During the entire follow-up period, patients 
with a  super-response to CRT neither died nor 
were hospitalized for worsening of heart failure. 
However, there was no statistically significant dif-
ference between super- and non-super-respond-
ers in composite end-point of cardiac death and 
hospitalization for heart failure, as shown by the 
Kaplan-Maier curve (Figure 1). 

The ROC curves were constructed for the dobu-
tamine-induced ΔWMSI and ΔEF changes, and 
they identified that the best discriminator for su-
per-response was dobutamine-induced change by  
14% in ΔEF, and 0.7 for ΔWMSI (Figure 2). Area 
under the curve was 0.906 for ΔEF, and 0.915 for 
ΔWMSI. For the cutoff value of 0.7 for ΔWMSI 
the sensitivity is 100%, specificity 67%, positive 
predictive value 31% and negative predictive val-
ue 100%; for the cutoff value of 14% for ΔEF, the 
sensitivity is 100%, specificity 75%, negative pre-
dictive value 100% and positive predictive value 
35%.

The patients with ΔEF > 14% and ΔWMSI > 0.7 
during DSE had significantly better survival chanc-
es free of hospitalization for worsening of heart 
failure, as shown by the Kaplan-Maier curves (Fig-
ures 3 and 4). 

Discussion

The main finding of our study is that CR de-
tected during a  dobutamine test predicts nearly 
complete reverse remodeling in patients with 
dilated cardiomyopathy treated with CRT pace-
makers. In patients with dilated cardiomyopathy 
and left bundle branch block, in whom the wall 
motion score index decreases by more than 0.7,  
and ejection fraction increases by at least 14%, 
at the dobutamine dose of 20 µg/kg/min, cardiac 

Figure 1. Kaplan-Maier curves showing the survival 
free of rehospitalization for worsening of heart fail-
ure, according to the super-response to the resyn-
chronization therapy

Ev
en

t-
fr

ee
 s

ur
vi

va
l

1.0

0.8

0.6

0.4

0.2

0

 0 10 20 30 40 50

Time [months]

Super responders         No          Yes

Long rank = 2.052, p = 0.152

Figure 2. Receiver operating characteristic curve for wall motion score index change (A) and ejection fraction 
change during dobutamine test (B)

AUC – area under curve
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resynchronization therapy may result in almost 
complete recovery of left ventricular systolic func-
tion. To the best of our knowledge, this is the first 
study to demonstrate the value of dobutamine 
stress echocardiography not only for predicting re-
sponse to CRT, but also for predicting full recovery 
under this form of heart failure therapy.

Resynchronization therapy has become an es-
tablished treatment option for selected patients 
with impaired systolic LV function and delayed 
and asynchronous LV contraction. The implanta-
tion of a CRT pacemaker reduces the symptoms 
of heart failure, improves the exercise capacity 
and prolongs the life of such patients. However, 
not every patient has the same benefit of cardi-
ac resynchronization. Echocardiography may help 
optimize CRT, by enabling programming atrioven-
tricular and interventricular delay with best he-
modynamic response [13]. Furthermore, it plays 
an important role in detecting patients who are 
more likely to respond favorably to resynchroniza-
tion therapy. Various echocardiographic indices of 
interventricular and intraventricular mechanical 
asynchrony have been tested for the prediction 
of response to CRT. The results of the PROSPECT 
study are somewhat disappointing, when indices 
of asynchrony, such as Doppler tissue imaging 
parameters, are used for this purpose [14]. At-
tempts have been made to develop a scoring sys-
tem which combines different echocardiographic 
and electrocardiographic parameters, in order to 
better predict the outcome of resynchronization 
therapy [15]. On the other hand, the presence of 
myocardial contractile reserve assessed by the 
dobutamine test [16, 17], exercise test [18], or mag-

netic resonance imaging [19], appears to identify 
patients who are likely to show a functional and 
echocardiographic improvement. The result of our 
study extends these observations, and suggests 
that patients with a  highly positive dobutamine 
test are likely to recover completely on the resyn-
chronization therapy.

It is well known that the density and respon-
siveness of β-adrenergic-receptors decrease in pa-
tients who suffer from heart failure [20–22]. The 
improvement of contractile reserve indices during 
dobutamine infusion may be linked to the less ad-
vanced down-regulation of beta receptors on car-
diomyocyte membranes [23]. On the other hand, 
it has been shown that some parameters of histo-
logical disruption such as myocyte diameter and 
the degree of interstitial fibrosis, usually found in 
the biopsy specimen of patients with cardiomyop-
athy, strongly correlate with the change of WMSI 
and LVEF during the high-dose dobutamine test 
[24]. We believe that patients with a highly pos-
itive dobutamine test for contractile reserve have 
“less damaged” hearts than those patients with-
out contractile reserve and thus they may be more 
likely to completely recover on CRT. 

In our study we used an intermediate dobuta-
mine dose of up to 20 µg/kg/min, in order to avoid 
serious ventricular arrhythmias, which may occur in 
more than 10% of patients with heart failure when 
tested with the high dose (40 µg/kg/min) [16].  
On the other hand, it is possible that the use of 
low dose dobutamine (2.5–5 µg/kg/min) would 
increase specificity, but certainly miss some po-
tential super-responders and reduce sensitivity of 
this method.

Figure 3. Kaplan-Maier curves showing the survival 
free of rehospitalization for worsening of heart fail-
ure, according to the dobutamine-induced change 
in left ventricular ejection fraction
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Figure 4. Kaplan-Maier curves showing the survival 
free of rehospitalization for worsening of heart fail-
ure, according to the dobutamine-induced change 
in wall motion score index
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Previous studies and predictors  
of “super-response” to cardiac 
resynchronization therapy

Super-responders or hyper-responders to cardi-
ac resynchronization therapy are first mentioned 
in a case report of Bulawa, who described a case 
of a  72-year-old woman with non-ischemic car-
diomyopathy, who experienced a  complete re-
covery of LV function in the course of 1 year of 
CRT [25]. Blanc described a series of 29 patients 
with dilated cardiomyopathy, where the same 
phenomenon was observed in 5 patients [26]. 
Several other smaller cohorts of patients were an-
alyzed regarding the predictors of super-response 
to CRT. Castellant et al. [4] found that a complete 
recovery of LV function, along with a  significant 
functional improvement, occurs more frequently 
in patients with dilated cardiomyopathy. In a se-
ries of 85 patients with dilated cardiomyopathy,  
11 patients were termed “hyper-responders”, and 
all belonged to the group with non-ischemic di-
lated cardiomyopathy. Due to the presence of an 
extensive myocardial scar after myocardial in-
farction, super-response to CRT defined as nearly 
complete recovery of LV systolic function probably 
could not be expected in patients with ischemic 
cardiomyopathy. The authors further hypothe-
sized that left bundle branch block may even be 
a causative factor for the heart disease, at least in 
a subset of patients. A striking finding in our study 
is that super-responders were those patients with 
relatively preserved mechanical function (positive 
test for contractile reserve, smaller hearts and 
better baseline 6MWT), and worse electrical dys-
synchrony, out of proportion to mechanical dys-
function. It is possible that in such patients the 
resynchronization of LV contraction removes dys-
synchrony as the causative factor for the disease 
and allows complete recovery of the patient. In 
a  retrospective analysis of 233 patients, Rickard 
[5] found that female gender, lower serum brain 
natriuretic peptide and typical LBBB pattern were 
significantly more frequent among patients with 
a super-response. Antonio [27] studied 87 patients 
with an established indication for CRT, and found 
that 12% of patients had a hyper-response to CRT, 
defined as twofold or greater increase in LVEF and 
> 15% decrease in LV end-systolic volume. Accord-
ing to their work, patients with a shorter duration 
of heart failure symptoms and less altered ven-
tricular geometry seem to stand more chance of 
a nearly complete recovery under resynchroniza-
tion therapy. Similarly, Reant et al. found that pa-
tients with lower left ventricular dimensions and 
greater global longitudinal strain, both factors re-
flecting better LV function, are more likely to have 
a super-response to CRT [6].

We found that 7 patients (12.7%) fulfilled the 
criteria for a  super-response to CRT, a  percent-
age similar to that from other studies. A trend to 
a  higher survival rate free of hospitalization for 
worsening of heart failure was noted in the su-
per-responder group when compared to the other 
patients; the statistical significance of this differ-
ence found in other studies [5] was not reached in 
our cohort, probably due to its small size. We did 
not find that female gender or a typical LBBB pat-
tern correlates with super-responsiveness to CRT. 
Only 9 women were included in our study cohort, 
which might explain our results. Similarly, the 
vast majority of our patients have a typical LBBB 
pattern, which precludes any relevant statistical 
analysis. We believe that parameters such as less 
altered ventricular geometry, lower LV dimensions, 
greater global longitudinal strain and preserved 
contractile reserve are in accordance with each 
other. 

Clinical implications

We have shown that patients with dilated car-
diomyopathy, who have wide QRS and a  highly 
positive dobutamine test, are more likely to ex-
perience complete restoration of LV function. In 
our opinion, patients with dilated cardiomyopathy 
who are candidates for CRT should undergo the 
estimation of contractile reserve and those who 
have a highly positive DSE should receive this type 
of therapy without unnecessary delay, because 
a prolonged illness and more pronounced LV re-
modeling might affect the positive effects of CRT, 
and make a super-response unlikely to occur. This 
observation is in accordance with the results of 
the MADIT-CRT [28] and REVERSE [29] trials, which 
implies that the implantation of a CRT pacemaker 
in the earlier stages of the disease in heart failure 
patients with asynchronous contraction is benefi-
cial, favoring reverse remodeling of the left ventri-
cle and reducing morbidity.

Limitations of the study

The main limitation of the present single centre 
study is the small size of the group. We included 
a  relatively small proportion of female patients. 
The predictive value of the dobutamine test has 
to be confirmed in a larger series of patients, with 
more female participants. In addition, LV ejection 
fraction as well as its change and the change in 
WMSI during the dobutamine test were deter-
mined by the same physicians who followed up 
the patients, i.e. they were not blinded to the ef-
fect of CRT. On the other hand, LVEF is not an ideal 
echocardiographic parameter, and it is subject to 
pre-load and after-load influences, which limits its 
use as a reliable parameter of reverse remodeling. 
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The patients from our study are from a single ter-
tiary referral centre and might not represent a typ-
ical CRT candidate. We chose cutoff values for the 
indices of contractile reserve by inspection of the 
ROC curves only after the study had been complet-
ed, and afterwards we tested them using the Ka-
plan-Meier analysis. A prospective study with cut-
off values defined prior to patient inclusion would 
yield much stronger results. Multicenter studies 
are warranted to prove the value of a dobutamine 
test in predicting a super-response to CRT. 

In conclusion, contractile reserve induced by 
dobutamine stress echocardiography can identify 
patients who are likely to have near normalization 
of LV function following CRT.
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