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guidelines.1-3 The beneficial effects of CRT are re‑
duction of overall mortality, decreased hospital‑
ization rate, functional capacity gain, and reversal 
of left ventricular (LV) remodeling. The response 
to CRT, however, varies significantly among 

Introduction  Cardiac resynchronization 
therapy (CRT) has become a beneficial treat‑
ment option in patients with systolic heart fail‑
ure and wide QRS complexes, as recommend‑
ed with the highest level of evidence by clinical 
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Abstract

Introduction  Response to cardiac resynchronization therapy (CRT) varies significantly among individu‑
als, resulting in the lack of improvement in a substantial proportion of patients.
Objectives  The study aimed to identify mechanical dyssynchrony indices in combination with myo‑
cardial viability characteristics for predicting long‑term response to CRT.
Patients and methods  ViaCRT was a prospective multicenter study involving 127 patients with heart 
failure. Cardiac dyssynchrony indices and low‑dose dobutamine response were determined by echocar‑
diography prior to CRT. Preserved contractile reserve was defined as improvement in the wall motion 
score index (WMSI) or left ventricular ejection fraction (LVEF) exceeding 20% at peak stress.
Results  A 12‑month follow‑up showed a significant difference in survival between the subgroups with 
and without viability assessed on the basis of a decrease in the WMSI, corresponding to 1 (4.4%) and 20 
(19.4%) fatal events, respectively (P = 0.048). The predictive value of LVEF gain on dobutamine stress 
echocardiography (DSE) was only significant at 6 months, with all‑cause death occurring in 1 (1.6%) 
and 7 (12.1%) patients with viable and nonviable myocardium, respectively (P = 0.029). A multivariate 
regression analysis identified the presence of septal flash and interventricular dyssynchrony as inde‑
pendent indices able to predict echocardiographic response alone at 12 months.
Conclusions  The study demonstrated a significant relationship between left ventricular contractile 
reserve on DSE and long‑term all‑cause mortality following CRT device implantation. The presence of 
septal flash and interventricular dyssynchrony but not myocardial viability was predictive of the response 
to resynchronization. The  results indicate that interference of multiple different mechanisms may be 
responsible for the general effect of CRT.
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view with pulsed‑wave Doppler sample volume 
positioned at the tip of the leaflets; and stroke 
volume that was obtained at rest and at stress by 
the LV outflow (LVOT) Doppler method (outflow 
tract area × LVOT time velocity integral).

Mitral regurgitation (MR) severity was evaluat‑
ed by an integrative approach, including the mea‑
surements of vena contracta at color Doppler im‑
ages and the ratio of the MR jet to the left atrial 
area. Also, diastolic regurgitant flow was report‑
ed if present.

The conventional 16‑segment LV model was 
used to characterize contraction by the echocar‑
diographic wall motion score index (WMSI). Each 
of the segments was analyzed individually in mul‑
tiple echocardiographic views on the basis of sys‑
tolic thickening and motion. The segment func‑
tion was scored as follows: normal = 1, hypoki‑
netic = 2, akinetic = 3, and dyskinetic (or aneu‑
rysmatic) = 4. The WMSI was derived as the sum 
of all scores divided by the number of segments 
visualized.

Doppler myocardial imaging velocity data were 
recorded using a color‑coded technique with a sec‑
tor adjusted to include 2 opposing LV walls at op‑
timal width and depth in apical views.. The longi‑
tudinal velocity profiles were also recorded using 
spectral images with the sample volume placed 
over the color‑coded myocardial area at the sep‑
tal and lateral mitral annulus and lateral tricus‑
pid annulus in the apical 4‑chamber view. This al‑
lowed us to calculate the E/E’ ratio as well as to 
evaluate right ventricular (RV) systolic function.

Timing of diastole, systole, and isovolumic 
contraction (ICT) and relaxation times were de‑
termined using transmitral and aortic Doppler 
profiles.

Assessment of left ventricular mechanical dyssyn‑
chrony  Several indices of intraventricular dys‑
synchrony were included into the study: 1) LV 
filling time (LVFT) in relation to cardiac cycle 
length (RR) as measured by transmitral pulsed
‑wave Doppler and expressed as percentage 
LVFT/RR10; 2) maximum difference of time to 
onset of systolic velocity for 6 segments at bas‑
al level11; and 3) septal flash, defined as the pres‑
ence of an early septal wall thickening/thinning 
within the ICT at rest and/or during dobutamine 
stress echocardiography (DSE). The septal flash 
occurrence was determined on the short-axis or 
parasternal long‑axis view either using grey scale 
or tissue Doppler color M‑mode (rapid change 
of color related to the early and fast motion of 
the septum occurring during the ICT), as de‑
scribed previously.12

Interventricular delay was calculated as the dif‑
ference between the LV and RV preejection pe‑
riods from pulsed‑wave Doppler velocity images 
of the corresponding outflow tracts.

Dobutamine stress echocardiography proto‑
col  β‑blocker therapy was either temporarily dis‑
continued 24 hours prior to the study, or the most 

individuals, resulting in a lack of improvement 
among the substantial proportion of patients. To 
reduce the rate of such nonresponders, different 
predictors of beneficial outcome have been pro‑
posed, including numerous echocardiographic 
dyssynchrony indices and myocardial viability.4-7 
Although believed to be promising, their role re‑
mains controversial and there is no general ac‑
ceptance to use them in clinical management of 
patients. This study sought to identify mechan‑
ical dyssynchrony indices with combination of 
myocardial viability assessment with low‑dose 
dobutamine for predicting a long‑term response 
to CRT, with both clinical and echocardiograph‑
ic follow‑up.

Patients and methods  ViaCRT was an investi
gator-initiated multicenter study under the coor‑
dination of the Working Group on Echocardiog‑
raphy of the Polish Cardiac Society. Patients were 
enrolled across 12 centers in Poland between Jan‑
uary 2009 and May 2012. The detailed list of par‑
ticipating institutions and investigators is given 
in the appendix. The study was approved by local 
ethics committees, and patients provided writ‑
ten informed consent to participate in the study.

Patient population  Patients with heart failure 
symptoms referred for CRT in line with the 2007 
and 2008 guidelines of the European Society of 
Cardiology (ESC) were assessed prospectively.8,9 
The following inclusion criteria were applied: New 
York Heart Association (NYHA) functional class 
III or IV under optimal pharmacotherapy, QRS 
duration of 120 ms or higher, and LV ejection 
fraction (LVEF) of 35% or lower. Clinical assess‑
ment (NYHA functional class, 6‑minute walk test, 
medical therapy, electrocardiography [ECG], and 
echocardiography) were performed at baseline 
and following CRT after 6 weeks, 6 months, and 
12 months. All participating centers collected 
the data for an integrated database.

Echocardiographic imaging  A standard transtho‑
racic cardiac ultrasound examination was per‑
formed both at rest and during dobutamine in‑
fusion. This included the acquisition of optimized 
grey scale imaging data sets and spectral Dop‑
pler flows as well as myocardial velocity data. 
Vivid 7 and 9 (GE Vingmed, Horten, Norway) 
scanners were mainly used, while Philips IE 33 
(Philips Healthcare, Best, The Netherlands) was 
used occasionally. The images were stored digi‑
tally for subsequent reading (EchoPac, GE Ving‑
med, Horten, Norway).

The following parameters were included into 
the analysis: LV internal dimensions in end
‑diastolic and end‑systolic phases that were mea‑
sured from parasternal long‑axis 2‑dimensional 
(2D) images; LV volumes and ejection fraction 
that were measured using the 2D Simpson meth‑
od; peak E wave, its deceleration time, and A‑wave 
velocities that were measured using transmitral 
flow velocities obtained from the apical 4‑chamber 
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measurements were included into the analysis of 
the CRT effect on myocardial contraction from 
baseline through follow‑up. Clinical improvement 
was also assessed, corresponding to an increase in 
the 6‑minute walk test of 10% or higher or a re‑
duction in NYHA functional class of 1 or more.

Statistical analysis  Normally distributed contin‑
uous variables were expressed as mean ± SD, un‑
less otherwise indicated. Dichotomous data were 
expressed as percentages. Continuous variables 
within and between groups were compared using 
2‑tailed paired and unpaired t test. Categorical 
data were compared using the Fisher exact test 
or the χ2 test. Continuous variables were corre‑
lated using a simple regression test. The follow‑
ing parameters were planned to be tested a pri‑
ori for significance: contractile reserve during 
low‑dose DSE, correlation between contractile 
reserve and degree of reverse remodeling, and 
correlation between contractile reserve and clini‑
cal improvement. A P value of less than 0.05 was 
considered statistically significant. The analyses 
were performed with the use of SAS/STAT soft‑
ware (SAS Institute Inc, Cary, North Carolina, 
United States). A multivariate analysis was per‑
formerd using stepwise multiple regression and 
including standard error of coefficient.

Results  A total of 127 patients were studied. 
Their baseline characteristics are presented in 
TABLE 1. Heart failure with reduced LVEF included 
ischemic as well as nonischemic etiology. Sinus 
rhythm was seen on ECG in all patients. On DSE, 
preserved LV contractile reserve was detected in 
23 patients (18%) with regards to an increase in 
the WMSI increase and in 62 patients (48.0%) 
with regards to an improvement in LVEF.

Responders and nonresponders in echocardiograph‑
ic and clinical follow‑up  Death from all‑cause 
occurred in 21 patients (16.5%) at 12 months. 
There was a significant difference in mortality be‑
tween the subgroups with and without preserved 
LV contractile reserve detected by an increase 
in the WMSI, corresponding to 1 (4.4%) and 20 
(19.4%) fatal events, respectively (P = 0.048). 
The predictive value of an increase in LVEF on 
DSE was only significant at 6 months, with all
‑cause death occurring in 1 patient (1.6%) with 
viabile myocardium and 7 patients (12.1%) with 
nonviable myocardium (P = 0.029). No significant 
differences in both clinical and echocardographic 
responder rates were observed at 12 months be‑
tween surviving patients with and without LV 
contractile reserve, determined by a reduction in 
the WMSI as well as an increase in LVEF (TABLE 2). 
There was a weak but significant correlation be‑
tween the echocardiographic response to CRT 
at 12 months and improvement of LV contractil‑
ity during DSE, baseline interventricular dyssyn‑
chrony, as well as intraventricular dyssynchrony 
expressed by the maximum difference of time to 
onset of systolic velocity for 6 segments at basal 

recent dose of the medication was postponed 
and administered after completion of imaging. 
A standard low‑dose DSE using the 16‑segment 
LV model was performed by a graded dobuta‑
mine intravenous infusion, starting at a dose of 
5 mg/kg/min,  and increasing at 5‑minute inter‑
vals to 10 mg/kg/min, 15 mg/kg/min, and a max‑
imum of 20 mg/kg/min. Blood pressure and ECG 
recordings were obtained at rest and at the end 
of every stage of the protocol. The infusion was 
terminated if completion of the protocol or 85% 
of the maximum age‑predicted heart rate was 
achieved. Also, dobutamine was discontinued if 
any of the following events occurred: arrhythmia, 
angina, hemodynamic decompensation, as well as 
new ECG abnormalities or new wall motion ab‑
normalities in at least 2 LV segments. Improve‑
ment in the WMSI or in LVEF exceeding 20% from 
baseline to peak stress was considered significant 
for detection of preserved contractile reserve.

Definition of response  Response to CRT was de‑
fined as a relative change in LV end‑systolic vol‑
ume leading to a reduction of more than 10% com‑
pared with baseline (paired LV end‑systolic vol‑
ume measurements). This approach is in agree‑
ment with a previous report.13 Additionally, LVEF 

TABLE 1  Baseline characteristics of the study group (n = 127)

Parameter Value

age, y, mean ± SD 62.7 ±9.3

sex, male, n (%) 100 (78.7)

QRS complex width, ms, mean ± SD 163 ±23

height, cm, mean ± SD 171 ±9.2

body mass, kg, mean ± SD 82 ±13.7

BMI, kg/m2, mean ± SD 28.0 ±3.9

nonischemic etiology of HF, n (%) 67 (52.8)

previous MI, n (%) 61 (48.0)

previous CABG, n (%) 30 (23.8)

previous PTCA, n (%) 37 (29.4)

NYHA class, n (%)   I 1 (0.8)

  II 16 (12.6)

  II/III 2 (1.6)

  III 95 (74.8)

  III/IV 2 (1.6)

  IV 11 (8.7)

previous pulmonary edema, n (%) 15 (11.8)

diabetes, n (%) 40 (31.5)

arterial hypertension, n (%) 67 (52.8)

dyslipidaemia, n (%) 72 (57.6)

treatment with β‑blockers 122 (96)

treatment with ACEIs 111 (88)

treatment with ARBs 11 (9)

CRT with defibrillating function 117 (92.9)

Abbreviations: ACEI, angiotensin‑converting enzyme inhibitor; ARB, angiotensin 
receptor blocker; BMI, body mass index; CABG, coronary artery bypass grafting; CRT, 
cardiac resynchronization therapy; HF, heart failure; MI, myocardial infarction; NYHA, 
New York Heart Association; PTCA, percutaneous transluminal coronary angioplasty
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predictive value for echocardiographic or clinical 
improvement.

Multivariate analysis  In a stepwise regression anal‑
ysis, the presence of septal flash and interventric‑
ular dyssynchrony were identified as independent 
indices with the ability to predict echocardiograph‑
ic response at 12 months (TABLE 4). Septal flash and 
myocardial viability determined by an increase in 
LVEF during DSE were predictors of beneficial LV 
remodeling only at 6 weeks and 6 months.

Discussion S urvival at follow‑up  The present 
ViaCRT study demonstrated a significant rela‑
tionship between LV contractile reserve at base‑
line DSE and all‑cause mortality in patients with 
a subsequent implantation of CRT device. The de‑
tection of viability determined by the decrease 
of the WMSI was a predictor of improved sur‑
vival at long term, whereas the increase of LVEF 
had a beneficial effect on the risk of fatal events 
at 6 weeks and 6 months. These findings provide 
an important additional insight into the concept 
of management efficacy in patients considered 
for biventricular pacing and are in agreement 
with the previously published prospective follow
‑up.14 Another multicenter trial, LODO,6 dem‑
onstrated a significant difference between pa‑
tients with and without LV contractile reserve, 
but the clinical benefit was only reported evalu‑
ating a composite endpoint of cardiac survival/
hospitalization. A number of studies on the role 
of dobutamine in the assessment of candidates 
for CRT did not include all‑cause mortality for 
the follow‑up analysis.7,12 However, the most re‑
cent report has found no association between con‑
tractile reserve on low‑dose DSE with a thresh‑
old of 5% change in LVEF and long‑term surviv‑
al.15 In the ViaCRT cohort, the underlying mech‑
anism of fatal events was not studied. Further‑
more, the assessment did not include prognostic 
significance of biomarkers.16

Echocardiographic and clinical parameters reflecting 
response to cardiac resynchronization therapy  Un‑
like in the LODO trial and some other reports, 
detection of LV viability with a  dobutamine 
test in the ViaCRT study was not predictive of 
the response to CRT at  long‑term follow‑up. 
This is also contrary to a 6‑week follow‑up of 
the ViaCRT study group, which was published 
before.17 The potential explanation is the differ‑
ence in mortality between the subgroups with 
and without contractile reserve: it was demon‑
strated to be significant at 12 months but not at 6 
weeks of follow‑up. Furthermore, in the LODO 
trial,6 the absence of cardiovascular death or heart 
failure hospitalization was defined as clinical re‑
sponse, while the 6‑minute walk test and NYHA 
class were not assessed.

As septal flash was the  echocardiograph‑
ic parameter predicting response to CRT in our 
study, these results are consistent with a previ‑
ous publication by other group.12 From a different 

level (TABLE 3). No such correlation was observed 
for clinical response. Regarding the identifica‑
tion of potential echocardiographic predictors, 
patients with septal flash before the device ther‑
apy were more likely to present with beneficial 
echocardiographic response at 12 months (22 of 
24 patients, 91.7% vs 42 of 62 patients, 67.7%; 
P = 0.0226, odds ratio, 3.78 [confidence inter‑
val, 0.97–14.79]). Apart from that, other indi‑
ces of dyssynchrony did not show any significant 

TABLE 2  Responder rates at 12 months of follow‑up in the subgroups of patients 
with and without left ventricular contractile reserve identified during dobutamine study 
prior to cardiac resynchronization therapy device implantation

Parameter No contractile reserve 
by LVEF 
improvement

Contractile reserve by 
LVEF improvement

P value

responders at 12 months based on:

ESV reduction 24 (54.6) 35 (72.9) 0.1856

LVEF increase 32 (72.7) 40 (83.3) 0.2179

NYHA class reduction 34 (75.6) 33 (68.7) 0.4649

6MWT prolongation 24 (64.9) 25 (64.1) 0.9447

parameter no contractile reserve 
by WMSI 
improvement

contractile reserve by 
WMSI improvement

responders at 12 months based on:

ESV reduction 44 (58.7) 15 (79.0) 0.1027

LVEF increase 59 (78.7) 14 (73.7) 0.7584

NYHA class reduction 60 (76.0) 13 (68.4) 0.5609

6MWT prolongation 43 (65.1) 9 (60) 0.7072

Data are presented as number (percentage) of patients.

Abbreviations: 6MWT, 6‑minute walk test; ESV, end‑systolic volume; LVEF, left 
ventricular ejection fraction; others, see TABLE 1

TABLE 3  Correlations between echocardiographic response by reduction in end
‑systolic volume at 12 months of follow‑up, contractile reserve during dobutamine 
study, and dyssynchrony indices

Parameter ESV reduction at 12 months

contractile reserve by WMSI improvement r = 0.37
P = 0.0003

contractile reserve by LVEF improvement r = 0.25;
P = 0.0171

interventricular dyssynchrony r = 0.28
P = 0.0067

maximum difference of time to onset of systolic 
velocity for 6 segments at basal level

r = 0.21
P = 0.049

Abbreviations: WMSI, wall motion score index; others, see TABLE 2

TABLE 4  Independent predictors of echocardiographic response at 12 months of 
follow‑up by multivariate analysis

ESV reduction at 12 months Regression coefficient ±SE P value

septal flash 27.5 ±13.04 0.04

interventricular dyssynchrony 0.36 ±0.15 0.04

matching P = 0.0018 R2 =0.17

Abbreviations: SE, standard error; others, see TABLE 2
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perspective, the analysis of the CARE‑HF trial18 
data showed that patients with more severe in‑
terventricular dyssynchrony derived greater ben‑
efit from CRT. Taking these data together with 
discrepant findings on the role of contractile re‑
serve, it appears likely that there are multiple dif‑
ferent mechanisms behind the response to CRT, 
as was suggested previously.4 Therefore, accord‑
ing to the latest ESC guidelines on cardiac pac‑
ing and CRT, LV dyssynchrony assessment with 
imaging techniques is unreliable and should not 
be used as a selection criterion for CRT.1 Further‑
more, there is a spectrum of responses to biven‑
tricular pacing.1 The choice of criteria for echo‑
cardiographic and clinical improvement varies be‑
tween studies, complicating a direct comparison.

In conclusion, the ViaCRT study demonstrated 
a significant relationship between LV contractile 
reserve detected by low‑dose dobutamine echo‑
cardiography and all‑cause mortality during long
‑term follow‑up in patients with an implantation 
of CRT device. On the contrary, the presence of 
septal flash and interventricular dyssynchrony 
but not detection of LV viability was predictive 
of the response to CRT. The results indicate that 
the interference of multiple different mechanisms 
may be responsible for the general effect of CRT.
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Lódź, Poland: Łukasz Chrzanowski, Jarosław D. 
Kasprzak; Department of Cardiology, Congeni‑
tal Heart Diseases and Electrotherapy, Silesian 
Center for Heart Disease, Medical University of 
Silesia, Zabrze, Poland: Tomasz Kukulski; I Chair 
and Department of Cardiology, Medical Univer‑
sity of Silesia, Upper Silesia Medical Centre, Ka‑
towice, Poland: Katarzyna Mizia-Stec, Krystian 
Wita; Department of Cardiology, Medical Uni‑
versity of Silesia, Zabrze, Poland: Ewa Nowala‑
ny-Kozielska; II Chair and Department of Cardi‑
ology, Medical University of Silesia, Upper Sile‑
sia Medical Centre, Katowice, Poland: Zbigniew 
Gąsior; II Chair and Department of Cardiology, 
Nicolas Copernicus University, Bydgoszcz, Po‑
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Streszczenie

Wprowadzenie  Odpowiedź na terapię resynchronizującą (cardiac resynchronization therapy – CRT) jest 
wysoce zróżnicowana u różnych pacjentów i u znacznego ich odsetka wiąże się z brakiem poprawy.
Cele  Celem badania była ocena przydatności wskaźników dyssynchronii mechanicznej w połączeniu 
z charakterystyką żywotności mięśnia sercowego w przewidywaniu długoterminowej odpowiedzi na CRT.
Pacjenci i metody  W wieloośrodkowym prospektywnym badaniu ViaCRT oceniono 127 pacjentów 
z niewydolnością serca. Przed zastosowaniem CRT określano echokardiograficznie wskaźniki dyssynchronii 
i reakcję na obciążenie niską dawką dobutaminy. Zachowaną rezerwę kurczliwości stwierdzano na podstawie 
poprawy wskaźnika kurczliwości odcinkowej ścian lewej komory (wall motion score index – WMSI) lub frakcji 
wyrzutowej lewej komory (left ventricular ejection fraction – LVEF) przekraczającej 20% podczas szczytowego 
obciążenia.
Wyniki  W obserwacji 12‑miesięcznej wykazano istotną różnicę w przeżywalności między grupami z zachowaną 
żywotnością i jej brakiem na podstawie oceny zmniejszenia WMSI, obejmującą wystąpienie odpowiednio 1 
(4,4%) i 20 (19,4%) zgonów (p = 0,048). Wartość predykcyjna wzrostu LVEF podczas próby dobutaminowej 
okazała się istotna jedynie w okresie 6‑miesięcznym – stwierdzona śmiertelność całkowita wynosiła 1 (1,6%) 
w grupie z zachowaną kurczliwością i 7 (12,1%) w grupie bez rezerwy kurczliwości (p = 0,029). Analiza 
wieloczynnikowa wykazała wczesnoskurczową czynność mechaniczną przegrody międzykomorowej (septal 
flash) i dyssynchronię międzykomorą jako niezależne czynniki pozwalające przewidzieć odpowiedź – wyłącznie 
echokardiograficzną – na CRT po 12 miesiącach.
Wnioski  Badanie wykazało istotną zależność pomiędzy rezerwą kurczliwości lewej komory w próbie 
dobutaminowej a całkowitą śmiertelnością w obserwacji długoterminowej u pacjentów po  implantacji 
układu CRT. Obecność wczesnoskurczowej czynności mechanicznej przegrody międzykomorowej i dys‑
synchronii międzykomorowej miała znaczenie predykcyjne w zakresie odpowiedzi na resynchronizację, bez 
związku z żywotnością. Wyniki wskazują na potencjalne nakładanie się wielu zróżnicowanych mechanizmów 
warunkujących ogólny efekt terapeutyczny CRT.


