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¡  KRT,	
  ventriküler	
  dissenkroninin	
  elektrokardiyografik	
  
kanıtlarının	
  olduğu	
  orta	
  ve	
  ciddi	
  kalp	
  yetersizliği	
  olan	
  
hastalarda	
  semptom,	
  hastaneye	
  yatış	
  ve	
  mortaliteyi	
  
azaltmada	
  etkisi	
  gösterilmiş	
  önemli	
  bir	
  tedavi	
  seçeneğidir.	
  

¡  KRT	
  yapılan	
  hastaların	
  önemli	
  bir	
  çoğunluğu	
  bu	
  
yöntemden	
  fayda	
  görmekle	
  birlikte,	
  %	
  30	
  –	
  40	
  hasta	
  ya	
  hiç	
  
fayda	
  görmemekte	
  ya	
  da	
  çok	
  az	
  fayda	
  görmektedir.	
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  1539	
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  49.	
  



§  Optimal	
  medikal	
  tedaviye	
  rağmen	
  semptomatik	
  

§  Orta	
  –	
  ileri	
  (NYHA	
  sınıf	
  II	
  -­‐	
  IV)	
  kalp	
  yetersizliği	
  

§  QRS	
  ≥	
  130	
  msn	
  (Sol	
  dal	
  bloğu)	
  

§  LVEF	
  ≤	
  35%	
  

§  Normal	
  sinüs	
  ritm	
  

KRT–P	
  /	
  KRT-­‐D	
  morbidite	
  ve	
  mortaliteyi	
  azaltmak	
  için	
  
önerilir	
  (Sınıf	
  I	
  /	
  A)	
  

Eur	
  Heart	
  J	
  2012,	
  May	
  19.	
  



¡  6	
  aylık	
  takipte	
  sistol	
  sonu	
  volümde	
  %	
  15’den	
  
fazla	
  azalma	
  

¡  Klinik	
  düzelme	
  
§  Kardiyovasküler	
  ölüm	
  veya	
  kalp	
  yetersizliğine	
  
bağlı	
  hastaneye	
  yatış	
  	
  

4	
  
Chung	
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  2608	
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  2616.	
  



¡  Cevap	
  verenler	
  (responder)	
  
¡  Cevap	
  vermeyenler	
  (non-­‐responder)	
  
¡  İyi	
  cevap	
  verenler	
  (hiper	
  /	
  super	
  –	
  responder)	
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¡  Tedavi	
  sonrası	
  kalpte	
  dramatik	
  düzelme	
  
olması	
  (normalleşmesi)	
  

¡  Özellikle	
  noniskemik	
  dilate	
  KMP	
  hastalarında	
  
tanımlanmış	
  (%	
  20)	
  

¡  Bu	
  normalleşme	
  kalıcı	
  ya	
  da	
  takipte	
  hastalık	
  
progresyonuyla	
  birlikte	
  geçici	
  olabilir.	
  

¡  Uzun	
  dönem	
  prognoz	
  oldukça	
  iyidir.	
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¡  Elektrokardiyografi	
  
¡  Ekokardiyografi	
  

§ M-­‐mod	
  

§  TDI	
  
¡  Gated	
  SPECT	
  



¡  Geniş	
  QRS	
  kompleksli	
  hastaların	
  	
  (≥120	
  ms)	
  

1/3’ünde	
  elektriksel	
  dissenkroni	
  göstergesi	
  olarak	
  

mekanik	
  dissenkroni	
  tespit	
  edilememektedir.	
  	
  

¡  Buna	
  karşın	
  dar	
  QRS	
  kompeksine	
  (<120	
  ms)	
  sahip	
  

hastaların	
  ise	
  yaklaşık	
  %40-­‐50’sinde	
  mekanik	
  

dissenkroni	
  vardır.	
  

Yu	
  CM,	
  et	
  al.	
  Heart	
  2003;89:54—60.	
  



(33.2 vs. 40.3%, P ¼ 0.0002). There was a small excess of adverse
events in the CRT-D group (14% v 6%; P, 0.001) reported within
30 days of device implantation (mainly lead dislodgement and cor-
onary sinus dissection).11 Subgroup analysis suggested similar
benefits in patients with more or less severe symptoms and in
patients with or without ischaemic heart disease, but patients
with QRS .150 ms or those with a left bundle branch block
pattern received greater benefit as did patients with an LVEF of
,20%. There was no benefit in patients in atrial fibrillation (AF)
(n ¼ 229), suggesting that atrio-ventricular resynchronization may
play a key role in addition to intra- or inter-ventricular resynchro-
nization. The outcome of RAFT is consistent with that of
MADIT-CRT (which is rumoured to show a survival advantage
to CRT-D after extended follow-up).

An updated meta-analysis,12 which now includes data from
RAFT,11 MADIT-CRT,10 REVERSE,13 and the extended follow-up
of patients in the CARE-HF study,14 confirms the beneficial
effects of CRT on mortality in patients with HF in sinus rhythm
with a long QRS duration (Figure 2) in patients with
mild,10,11,13,15 moderate, or severe symptoms of HF whether or
not they also have an ICD. The assertion that CRT is only effective
in patients with a QRS .150 ms or with left bundle branch block
is based on the primary morbidity/mortality composite endpoint in
MADIT-CRT and RAFT. CARE-HF showed similar trends for this
outcome but not for all-cause mortality.14 The subgroup analyses
by QRS duration in these studies should be repeated for all-cause
and cardiovascular mortality.

Cardiac resynchronization therapy is now recommended in
NYHA class II HF.16

Studies of telemonitoring and
voice-activated telephone systems
Remote monitoring potentially enables physicians to deliver treat-
ment more effectively and to detect the first signs of deterioration
in HF patients, facilitating early intervention. A recent meta-analysis
suggests that telemonitoring programmes may reduce mortality in
patients with chronic HF, although the same may not be true for
structured telephone support that provides only verbal contact
but no direct physiological monitoring of heart rate, blood
pressure, or weight.17 Few of the studies included in the
meta-analysis were large.

TIM-HF: Telemedicine to Improve
Mortality in Heart Failure study
Presented by Stefan Anker from Berlin, Germany
The aim of TIM-HF was to evaluate the impact of telemonitoring
on mortality in ambulatory patients with chronic HF. Patients
with NYHA class II– III HF, LVEF ≤35%, and a history of cardiac
decompensation were randomized to management guided by
home telemonitoring (HTM) (n ¼ 354) or usual care (n ¼ 356)
for a minimum of 12 months. In contrast to many previous
studies, patients were not required to have been hospitalized for
worsening HF in the previous 7 days. Monitoring was done by call-
centres that were otherwise not directly involved with the
patient’s care. Treatment at baseline was already excellent
("96% on ACE inhibitors or ARBs, "93% on beta-blockers, and
64% on ARAs), and therefore could not be improved by HTM.
The HTM programme included daily monitoring of blood pressure
and body weight and a simple electrocardiogram. Patients also had

Figure 2 Effects of cardiac resynchronization therapy on mortality in patients with heart failure with a long QRS duration (mostly in sinus
rhythm).
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¡  MADIT-­‐CRT	
  
¡  1817	
  hastanın	
  

§  %	
  70’inde	
  LBBB	
  

§  %	
  13’ünde	
  RBBB	
  

§  %	
  17’sinde	
  nonspesifik	
  ileti	
  gecikmesi	
  

¡  LBBB	
  olan	
  hastalarda	
  KRT	
  yapılmasının	
  primer	
  son	
  nokta	
  için	
  
HR	
  0.47	
  (95%	
  CI	
  0.37-­‐0.61)	
  

¡  LBBB	
  olmayan	
  hastalarda	
  ise	
  HR	
  1.24	
  (95%	
  CI	
  0.85-­‐1.81)	
  
¡  Çalışmanın	
  	
  tamamında	
  LBBB	
  olan	
  hastaların	
  kalp	
  

yetersizliğine	
  bağlı	
  olaylarda	
  tedaviden	
  faydası	
  daha	
  belirgin	
  

Zareba	
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§  Optimal	
  medikal	
  tedaviye	
  rağmen	
  semptomatik	
  

§  Orta	
  –	
  ileri	
  (NYHA	
  sınıf	
  II	
  -­‐	
  IV)	
  kalp	
  yetersizliği	
  

§  QRS	
  ≥	
  150	
  msn	
  (Sol	
  dal	
  bloğu	
  dışı)	
  

§  LVEF	
  ≤	
  35%	
  

§  Normal	
  sinüs	
  ritm	
  

KRT–P	
  /	
  KRT-­‐D	
  morbidite	
  ve	
  mortaliteyi	
  azaltmak	
  için	
  
önerilir	
  (Sınıf	
  IIa	
  /	
  A)	
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1157Echocardiography to Predict CRT Responders

Predictors of Response to CRT (PROSPECT) trial, a multi-
center prospective cohort study to evaluate selected, pre-
defined baseline echocardiographic parameters for their abili-
ty to predict clinical and echocardiographic response to CRT, 
were published.12 The PROSPECT study showed that no 
single echocardiographic measure of dyssynchrony had the 
ability to predict CRT responders. However, the PROSPECT 
trial has been the only such multicenter trial to date. There-
fore, the predictive ability of echocardiographic parameters 
requires verification by further studies. In addition, an appro-
priate method to evaluate the effects of CRT has not been 
standardized. Because LV reverse remodeling using LV end-
systolic volume reduction has been used as a surrogate of CRT 
responders, identification of predictors of volume responders 
has been a focal issue. However, the role of volume responders 
as a surrogate of clinical outcomes has not been confirmed in 
multiple cohort studies. Finally, although clinical outcomes 
after CRT have been used as endpoints in large trials and 
associated factors unrelated to echocardiographic parameters 
have been identified, the relation between predefined base-
line echocardiographic parameters and clinical outcomes has 
not been determined.1–3,5 Considering these unresolved issues, 
a multicenter prospective cohort study was conducted in 
Japan to assess the following: (1) the ability of predefined 
baseline echocardiographic dyssynchrony parameters to pre-
dict volume responders after CRT, (2) implications of volume 
responders as a surrogate of clinical outcomes, and (3) the 
ability of baseline echocardiographic dyssynchrony parame-
ters to predict clinical outcomes after CRT.

Editorial p 1053

Methods
The Japan Cardiac Resynchronization Therapy Registry Trial 
(J-CRT) was a multicenter prospective cohort study of pa-
tients undergoing CRT in Japan. The study was approved by 
the local ethics committee of each participating institution. 

All patients provided their written informed consent. A 2-day 
workshop to acquaint participating echocardiologists and 
electrophysiologists with the study protocol and echocardio-
graphic recording was performed by the J-CRT Committee 
in August 2005, in Tokyo.

Study Population
Patient inclusion criteria included presence of congestive 
heart failure refractory to optimal medical therapy and QRS 
duration 120 ms, New York Heart Association (NYHA) class 
III or IV, and LV ejection fraction (LVEF) 35%. Patients 
were excluded if they were expected to die within 1 year 
because of non-cardiac disease, if they were scheduled for 
catheter intervention or cardiac surgery including cardiot-
omy or coronary bypass, or if they were expected to be lost 
to follow-up during the first year after CRT. Patients were 
scheduled to undergo Doppler echocardiographic studies with 
NYHA functional class assessment and measurements before, 
and at 1 week, 6 months, and 12 months after CRT. Patients 
were followed up for at least 6 months.

CRT Responders and Clinical Endpoints
A volume responder to CRT was defined as a patient with 

15% reduction of LV end-systolic volume at 6 months after 
CRT.12 Clinical outcomes were assessed with the following 
endpoint: a composite of death from any cause or an un-
planned hospitalization for a major cardiovascular event.

Doppler Echocardiography and Dyssynchrony Parameters
The echocardiographic measurements were performed by 
cardiologists or well trained sonographers in each individ-
ual center in a prospective way, not knowing the patients’ 
outcome. In Doppler echocardiographic examinations, LV 
volumes, LV dimensions, LV wall thickness, left atrial (LA) 
dimension, Doppler-derived parameters of LV diastolic func-
tion, mitral regurgitation severity as the ratio of color Doppler 
mitral regurgitant jet area to LA area, and pressure gradients 
derived from tricuspid regurgitant flow were assessed by 
standard methods. In this study, 7 dyssynchrony parameters, 

Table 1. Dyssynchrony Parameters and Cut-Off Values to Predict CRT Responders

Dyssynchrony location Parameter Cutoff value
Intraventricular SPWMD: the shortest interval between the maximal posterior 

displacement of the septum and the maximal displacement of the 
left posterior wall. Anatomical M-mode imaging should not be 
used to measure SPWMD.

 >130 ms

Intraventricular 12Ts-SD: standard deviation of time from QRS to the largest 
peak systolic velocity in ejection phase for 12 LV segments.

>34.4 ms

Intraventricular Ts (lateral-septal): delay between time to the largest peak systolic 
velocity in ejection phase at basal septal and lateral segments.

   >65 ms

Interventricular LV-PEP defined as the duration from onset of QRS to onset of 
pulsed Doppler LV out flow.

 >140 ms

Interventricular IMD defined as the difference between LV-PEP and RV-PEP. 
IMD = LV-PEP – RV-PEP

   >40 ms

Intra- and interventricular Sum of asynchrony: sum of LV asynchrony and LV-RV asyn-
chrony measured by the time from QRS to regional onset of 
contraction (EMCT) with tissue pulsed Doppler. LV asynchrony; 
the difference between the maximum and the minimum EMCT in 
LV basal lateral, septal, and posterior wall. LV-RV asynchrony; 
the difference between the EMCT in the RV free wall and the 
maximum EMCT in LV basal lateral, septal, and posterior wall.

 >102 ms

Atrioventricular DFT/RR: LV diastolic filling time measured by Doppler transmitral 
flow to cardiac cycle length.

 <40%

CRT, cardiac resynchronization therapy; SPWMD, septal-to-posterior wall motion delay; LV, left ventricular; PEP, pre-
ejection period; IMD, interventricular mechanical delay; RV, right ventricular; EMCT, electromechanical coupling time.



Nakamura	
  K,	
  et	
  al.	
  Europace	
  (2011)	
  13,	
  1731–1737	
  

cutoff value, defined as that providing the maximal accuracy to dis-
tinguish between responders and non-responders for TES-SD at
CRT-off, was determined by the ROC curve analysis. A probability
value of P,0.05 was considered statistically significant. Analyses
were performed with SPSS statistical software, SPSS 11.0.1J.

Results

Characteristics of non-responders
and responders
The patients were divided into 9 non-responders (37.5%) and
15 responders (62.5%), based on a decrease in plasma BNP level
.50% at 6 months after CRT adoption. The QRS duration at base-
line in 5 out of the 15 responders was ,120 ms. At baseline, no
significant differences were observed between non-responders
and responders with respect to the characteristics (Table 1). Simi-
larly, there were no significant differences between non-
responders and responders with respect to the LV lead locations
(Table 1). At 6-month follow-up, the mean NYHA functional
class improved in responders, whereas it remained unchanged in
non-responders. Similarly, the mean LV ejection fraction, LV end
diastolic dimension, and LV end systolic dimension measured by
echocardiography, and the mean plasma BNP level improved
only in responders (Table 2).

Left ventricular mechanical dyssynchrony
The mean TES-SD at CRT-off in responders was significantly
larger than that in non-responders (100+51 vs. 41+17 ms,

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Baseline characteristics and left ventricular
lead location

Parameters
Non-responders
(n5 9)

Responders
(n 5 15)

P
value

Age (years) 63.4 + 13.2 62.8 + 12.2 0.72

Male sex (n) 8 (88.9%) 9 (60.0%) 0.19

NHYA Class III (n) 7 (77.8%) 11 (73.3%) 1

AF (N) 2 (22.2%) 3 (20.0%) 0.56

QRS duration (ms) 129 + 34.3 161.7 + 55.8 0.20

QRS,120 ms (n) 3 5 1

LVDd (mm) 67.2 + 11.2 66.0 + 7.6 0.63

LVEF (%) 27.7 + 7.3 29.1 + 4.3 0.88

BNP (pg/mL) 480.0 + 549.5 667.0 + 514.8 0.35

Lead location
(lateral/PL wall)

7/2 11/4 0.81

NYHA, New York Health Association; AF, atrial fibrillation; LVDd, left ventricular
diastolic dimension; LVEF, left ventricular ejection fraction; BNP, brain natriuretic
peptide.

Figure 1 The main window of cardioGRAFw processing the electrocardiogram-gated myocardial perfusion single photon emission computed
tomography (SPECT) in a healthy subject. The division of the left ventricular myocardium into 17 volume segments and numbering are illus-
trated on the upper right panel. The upper left panel displays the time–volume curves of the segments. The time 0 on the abscissa is triggered
on the peak of the R-wave that is not shown here. The lower left panel shows the derivative of the time–volume curves that corresponds to the
contraction velocity of the respective volume segment. The vertical dotted lines on the time–volume curves are the instant of end systole of
each regional myocardial volume estimated by zero-crossing of contraction velocity and minimal volume.

Dyssynchrony estimation by nuclear imaging 1733
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Plasma brain natriuretic peptide level
as a marker of cardiac resynchronization
therapy response
There is currently no unifying definition of responders, and pub-
lished data were often based on LV reverse remodelling exhibited
by echocardiography at mid-term follow-up. In particular, signifi-
cant LV reverse remodelling defined as .10–15% reduction in
LV end systolic volume, which may be a strong predictor of long-
term favourable prognosis in patients undergoing CRT, has been
frequently used to define a mid-term CRT responder.17,18 The
measurements of LV end systolic volume using echocardiography,
however, require a certain expertise to obtain accurate results and
thus may not always be suitable for use in daily clinical practice in
every medical facility. On the other hand, widely known obser-
vations suggest that a decrease in plasma BNP level associated

with drug treatment in patients with heart failure correlates with
improvement in haemodynamic parameters, clinical status, and
prognosis, including number of hospitalizations for deterioration
of heart failure condition.19,20 Moreover, recently, Kubánek
et al.21 reported that a decrease in plasma BNP level early after
initiation of CRT (i.e. from baseline to 3-month follow-up) pre-
dicted clinical improvement at 12 months better than clinical,
echocardiographic, and exercise parameters at 3-month follow-up.
As a matter of course, plasma BNP levels can be determined
without much difficulty regardless of the expertise. The criterion
we used to define a responder—a plasma BNP level decreased
.50% at 6 months after CRT adoption —may be arbitrary. In
the light of the above observations and situations, however, the cri-
terion should have a measure of legitimacy as a predictor of long-
term favourable prognosis associated with CRT.

Figure 2 Changes in the time–volume curves derived by cardioGRAFw analyses between temporary cardiac resynchronization therapy
suspension (CRT-off) and subsequent cardiac resynchronization therapy resumption (CRT-on) in a non-responder (A) or a responder (B)
patient. Standard deviations of time to end systole of all 17 left ventricular segments (standard deviations of time to end systole) for non-
responders at CRT-off and CRT-on were 42.4 and 77.8, respectively. Standard deviations of time to end systole for responders at CRT-off
and CRT-on were 195.6 and 25.7, respectively.
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¡  Stress	
  Ekokardiyografi	
  
¡  Gated	
  SPECT	
  
¡ MRI	
  



¡  Sol	
  ventrikül	
  dissenkronisi	
  
¡ Mitral	
  regürgitasyon	
  
¡  Kontraktil	
  rezerv	
  



¡  Çok	
  merkezli,	
  randomize,	
  gözlem	
  çalışması	
  
¡  Dobutamin	
  stress	
  EKO	
  ile	
  kontraktil	
  rezerv	
  
(%	
  5’den	
  fazla	
  artma)	
  görülmesinin	
  klinik	
  ve	
  
ekokardiyografik	
  yanıta	
  (LESV’de	
  %	
  10’dan	
  
fazla	
  artış)	
  etkisi	
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.036). The DSE test showed 83% sensitivity and 88%
positive predictive value. Specificity and negative predic-
tive values were 33% and 25%, respectively.
Multivariable Cox regression identified LVCR presence

and inter-V dyssynchrony presence as independent pre-
dictors of response to resynchronization (HRs 2.25 and
2.88, respectively) (Table II).
Figure 2A shows the results of the Kaplan-Meier analysis

demonstrating a significant difference in cardiovascular
survival/HF hospitalization between patients with and
without LVCR.
Of interest, Figure 2B shows the results of Kaplan-Meier

analysis considering the combined results of the DSE and
inter-V dyssynchrony tests to predict CRT response. When
comparing patients with concomitant presence of LVCR
and inter-V dyssynchrony with all the others, a significantly
increased clinical response rate was observed (HR 3.55 CI
1.37-9.23, P = .009); whereas comparing patients without
both LVCR and inter-V dyssynchronywith all the others, an
HR of 2.43 (CI 0.99-5.9, P = .05) was observed with respect
to the risk of nonresponse to the therapy.

Echocardiographic response to CRT
Two-hundred four patients presenting paired echocar-

diographic data were included in the analysis. Of those,
166 (81%) showed LVCR at baseline.
The overall proportion of echocardiographic re-

sponders to CRT was 160 (78%) of 204: 144 (87%) of
166 with LVCR and only 16 (42%) of 38 in the group
without LVCR (P b .001). The presence of LVCR showed
90% sensitivity and 87% positive predictive value,
identifying the echocardiographic responders to CRT.
Specificity and negative predictive values were 50% and
58, respectively.
The mean values of LVESV at baseline and follow-up are

reported in Table III for echo responders and non-
responders and for patients with the presence and absence
of LVCR.
Of the 24 baseline variables (Table I) included in

univariable and multivariable logistic regression analysis,
only LVCR and inter-V dyssynchrony were identified as
independent predictors of echocardiographic response
to CRT (Table II).

Figure 3 shows the positive predictive value of the
different combinations of LVCR and inter-V dyssynchrony
presence. Interestingly, the concomitant presence of both
LVCR and inter-V dyssynchrony permitted to identify 99%
of echo responders. Conversely, the concomitant absence
of those 2 conditions was associated to the lack of
echocardiographic response to CRT in 83% of patients.

Receiver operating characteristic curve analysis
The receiver operating characteristic curve analysis of

an LVEF increase during dobutamine infusion confirmed
the value of 5 units as the best cutoff to predict
echocardiographic response.

Discussion
Over the last few years, single-center experiences on

small patient populations highlighted the importance
of LVCR presence to ensure high probability of
response to CRT.11–13,29 However, a prospective
evaluation of this phenomenon in a large sample of
subjects was still missing.
The LODO-CRT phase 2 study is the first multicenter

clinical study to demonstrate that the presence of LVCR at
baseline predicts both clinical and echocardiographic
responses to CRT in a large number of patients. Even
more interestingly, this study shows that the association
of DSE test results with the assessment of inter-V
dyssynchrony is a powerful tool to predict clinical and
echocardiographic responses to CRT.
To our knowledge, this is the first evidence of efficacy

in a multicenter setting of a simple echocardiographic
strategy (LVCR and inter-V dyssynchrony) to predict a
long-term CRT outcome. It is noteworthy that the
PROSPECT study and some more recent experiences30

concluded that no single echocardiographic measure of
dyssynchrony could be recommended to improve patient
selection for CRT beyond current guidelines.

Dobutamine stress echocardiography test feasibility
The results of LODO-CRT phase 2 confirm that the DSE

test is feasible, safe, and reproducible, as previously

Table II. Multivariable analysis for identification of independent predictors of response to CRT

Univariable analysis Multivariable analysis

HR P 95% CI HR P 95% CI

Predictors of clinical response
Inter-V dyssynchrony presence 2.88 .009 1.30 6.41 3.04 .007 1.36 6.78
LVCR presence 2.25 .029 1.09 4.66 2.44 .017 1.17 5.07

Predictors of echocardiographic response
Inter-V dyssynchrony presence 3.47 .001 1.61 7.48 5.11 b.001 2.32 11.27
LVCR presence 5.61 b.001 3.06 10.26 8.00 b.001 4.18 15.30

Gasparini et al 425
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Primary end-point of the study was to demonstrate a better 
response to CRT in group A compared to group B. We considered 
responder every patient with: decreases of >15% in LVVs and/or im-
provement in LVEF of >5% in addition to NYHA class improvement. 

We observed a decrease in NYHA class after CRT in the ma-
jority of patients (time effect). However, the presence of MV was 
associated with a greater functional class improvement, with a 

significant difference in group effect (p=0.003) and in group time 
effect (p=0.009). Comparing the two groups an improvement of 
LVEF (p=0.009) was also observed.

The first week after CRT the decrease of LVVs was greater 
in group A as compared to group B (p<0.001); similarly RR was 
detected only in group A and persisted at the follow-up. In the 
present study the non-responder patients were 14 in group A 
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Figure 1. a: NT-proBNP levels. Time effect: p<0.0001; group effect: p=0.02; group-time effect: p=0.1
b: NYHA class. Time effect: p<0.0001; group effect: p=0.003; group-time effect: p=0.009
c: LVVs. Time effect: p<0.0001; group effect: p=0.4 (1st week p=0.035); group-time effect: p =0.64
d: RR. Time effect: p<0.0001; group effect: p=0.007 (1st week p=0.001); group-time effect: p<0.001 
CRT - cardiac resynchronization therapy, LVVs - left ventricular end-systolic volume, MV - myocardial viability, NT-proBNP- N-terminal pro-B-type natriuretic peptide, pts - patients,  
RR - reverse remodeling as percent reduction of LVVs
Continuous line: group with myocardial viability 
Broken line: group without myocardial viability
Statistic: The General Linear Model Repeated Measures was used. This procedure provides analysis of variance when the same measurement is made several times on each subject
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C L I N I C A L R E S E A R C H

Cardiac Magnetic Resonance Assessment of
Dyssynchrony and Myocardial Scar Predicts
Function Class Improvement Following
Cardiac Resynchronization Therapy
Kenneth C. Bilchick, MD,* Veronica Dimaano, MD,* Katherine C. Wu, MD,*
Robert H. Helm, MD,* Robert G. Weiss, MD,* Joao A. Lima, MD,* Ronald D. Berger, MD, PHD,*
Gordon F. Tomaselli, MD, FAHA, FACC, FHRS,* David A. Bluemke, MD, PHD, FAHA,§
Henry R. Halperin, MD, FAHA,*†§ Theodore Abraham, MBBS, MD, *
David A. Kass, MD, FAHA,*†‡ Albert C. Lardo, PHD, FACC, FAHA*†‡

Baltimore, Maryland

O B J E C T I V E S We tested a circumferential mechanical dyssynchrony index (circumferential uniformity

ratio estimate [CURE]; 0 to 1, 1 ! synchrony) derived from magnetic resonance-myocardial tagging (MR-MT)

for predicting clinical function class improvement following cardiac resynchronization therapy (CRT).

B A C K G R O U N D There remains a significant nonresponse rate to CRT. MR-MT provides high quality

mechanical activation data throughout the heart, and delayed enhancement cardiac magnetic resonance

(DE-CMR) offers precise characterization of myocardial scar.

M E T H O D S MR-MT was performed in 2 cohorts of heart failure patients with: 1) a CRT heart failure

cohort (n ! 20; left ventricular ejection fraction of 0.23 " 0.057) to evaluate the role of MR-MT and DE-CMR

prior to CRT; and 2) a multimodality cohort (n ! 27; ejection fraction of 0.20 " 0.066) to compare MR-MT and

tissue Doppler imaging septal-lateral delay for assessment of mechanical dyssynchrony. MR-MT was also

performed in 9 healthy control subjects.

R E S U L T S MR-MT showed that control subjects had highly synchronous contraction (CURE 0.96 " 0.01),

but tissue Doppler imaging indicated dyssynchrony in 44%. Using a cutoff of #0.75 for CURE based on

receiver-operator characteristic analysis (area under the curve: 0.889), 56% of patients tested positive for

mechanical dyssynchrony, and the MR-MT CURE predicted improved function class with 90% accuracy

(positive and predictive values: 87%, 100%); adding DE-CMR (% total scar #15%) data improved accuracy

further to 95% (positive and negative predictive values: 93%, 100%). The correlation between CURE and QRS

duration was modest in all cardiomyopathy subjects (r ! 0.58, p # 0.001). The multimodality cohort showed

a 30% discordance rate between CURE and tissue Doppler imaging septal-lateral delay.

C O N C L U S I O N S The MR-MT assessment of circumferential mechanical dyssynchrony predicts improve-

ment in function class after CRT. The addition of scar imaging by DE-CMR further improves this predictive

value. (J Am Coll Cardiol Img 2008;1:561–8) © 2008 by the American College of Cardiology Foundation
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ing of this study is that MR-MT assessment of
circumferential mechanical dyssynchrony had excel-
lent predictive value for improved function class
after CRT, and its accuracy could be further im-
proved by combining MR-MT with scar imaging
by DE-CMR. This result is likely due to the precise
circumferential strain map along all 3 dimensions of
the heart provided by the MR-MT technique,
integration of the entire strain map into a physio-
logic mechanical dyssynchrony index, and simulta-
neous evaluation of the underlying tissue substrate.

The CURE cutoff was based on ROC analysis.
MR-TDI discordance was likely related to the use of
circumferential strain by MR-MT (rather than longitu-
dinal tissue velocity with TDI), as well as certain limita-
tions of TDI for determining accurate time delays. Of
note, our finding that TDI was more likely to indicate
dyssynchrony in subjects with a narrow QRS (including

normal subjects) is consistent with recent data from the
RETHINQ (Resynchronization Therapy in Patients
with Narrow QRS) study, in which TDI failed to
identify narrow QRS patients who would benefit from
CRT (24).
Present findings in the context of prior CMR dyssyn-
chrony studies. This is the first study to support the use
of MR-MT circumferential strain for CRT selection
based on long-term function class improvement. Other
MR protocols such as radial motion analysis (25) and
CMR longitudinal phase velocity have essentially mim-
icked TDI by determining radial or longitudinal timing
delays and have not been shown to identify CRT
responders. Of note, the usefulness of MR-MT circum-
ferential strain for dyssynchrony had been suggested by
prior small acute hemodynamic studies of left ventricular
or biventricular pacing (9,26).
CRT selection. We have shown that MR-MT assess-
ment of mechanical dyssynchrony has excellent predic-
tive accuracy for improvement in function class after
CRT and may be enhanced by DE-CMR scar imaging.
These findings highlight the unique value of MR-MT/
DE-CMR to characterize both mechanical function and
scar extent/distribution in CRT candidates prior to
implantation.
Study limitations. There are several limitations to the
study. Due to the retrospective nature of the assessment
of clinical response, routine post-CRT echocardio-
graphic studies and functional studies such as the 6-min
walk were not performed. Even so, the optimal CRT
study end point is controversial, improvement in heart
failure class is recognized as a valid post-CRT end point,
and the overall agreement between clinical response
(heart failure class improvement) and echocardiographic
response was noted to be 76% in a recent series (14). Of
note, the number of patients in the CRT-HF cohort was
somewhat limited, and not all patients had pre-CRT
TDI studies. Another limitation is that CURE was
evaluated during the systolic and early diastolic frames, as
the tags may fade somewhat after early diastole. The
effect of not including a complete diastolic evaluation of
dyssynchrony is likely minor, as dyssynchrony has been
shown to peak in systole. Also, although the signal-to-
noise ratio in MR-MT circumferential strain data is
quite good, and the CURE filters out almost all of the
noise based on exclusion of second-order and higher
Fourier terms, further refinement of the CMR protocol
and analysis may be helpful.

C O N C L U S I O N S

Magnetic resonance-myocardial tagging–based analysis
of circumferential mechanical dyssynchrony with precise

Figure 5. CRT Nonresponse Due to Extensive Scar

Scar imaging from a subject with significant circumferential dyssyn-
chrony but CRT nonresponse shows extensive left ventricular scar
on long-(A) and short-axis (B) images. This underscores the impor-
tance of CMR relative to echocardiography in the assessment of
CRT candidates. Not only does MR-MT provide a very accurate
measure of dyssynchrony, but the scar imaging data provide
important information regarding the myocardial substrate such as
extent and distribution of scar. Abbreviations as in Figures 1 and 3.
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filtration rate (90%), 25% met the previously pub-
lished criterion of percent total scar less than 15% (21)
associated with CRT response. The CRT response
rate in subjects with percent total scar !15% was
significantly better that for subjects with percent total
scar of 15% or greater (p " 0.047) (Fig. 4C). This
criterion was associated with a PPV of 77%, NPV of
80%, and accuracy of 78% for CRT response. A
CURE value !0.75 without evidence of extensive
(15% or more) left ventricular scar resulted in the most
accurate prediction of CRT response, with a PPV of
93%, NPV of 100%, and accuracy of 95% (p ! 0.001)
(Table 2).
Application of CURE cutoff to standard clinical dyssyn-
chrony assessment. In the multimodality cohort
(n " 27), the mean (standard error) for CURE was
0.68 (0.03) and for TDI septal-lateral delay was 74
(7.0) ms. Using the ROC-based CURE cutoff of
0.75, 56% of patients tested positive for mechanical
dyssynchrony using either MR-MT or TDI, but the
patients testing positive by MR-MT were not neces-
sarily the same patients testing positive with TDI
(discordance rate: 30%).

In half of these discordant cases (15% of total),
MR-MT indicated dyssynchrony and TDI did not,
but in the other half of discordant cases (15% of total),
TDI indicated dyssynchrony and MR-MT did not.
TDI was more likely than MR-MT to indicate
dyssynchrony in both cardiomyopathy subjects with a
narrow QRS (63% vs. 25%, TDI vs. MR-MT, re-
spectively) and control group subjects (44% vs. 0%),
who all had a narrow QRS (p " 0.016 for all subjects
with a narrow QRS). Of note, 77% of subjects with
TDI/MR-MT discordance had 2 systolic peaks in the
TDI tissue velocity versus time tracing from the septal
or lateral walls, but only 33% of subjects with TDI/
MR-MT concordance had double systolic velocity
peaks in the septal or lateral walls.

D I S C U S S I O N

Main findings. This is the first published series
evaluating MR-MT assessment of circumferential

mechanical dyssynchrony in patients referred for
CRT with respect to prediction of clinical improve-
ment after implantation. The most significant find-
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Figure 4. Clinical Response to CRT Based on CMR Findings

These plots show data for individual improvement in function class
for patients in the CRT-HF cohort based on baseline characteristics
such as QRSd (A), CURE (B), and percent left ventricular scar vol-
ume by delayed enhancement-cardiac magnetic resonance (DE-
CMR) (C). Those with function class improvement are shown in the
left column of each panel, and those without improvement are
shown in the right column of each panel. The QRSd (A) has no
association with improvement in function class. MR-MT (B) has bet-
ter accuracy (90%) than DE-CMR (78%) and (C) MR-MT and DE-CMR
combined have superior accuracy (95%). This highlights the supe-
rior accuracy of CURE for predicting function class improvement.
Abbreviations as in Figures 1 and 3.

Table 2. MR-MT and DE-CMR for CRT Response

Sensitivity Specificity PPV NPV Accuracy

% total scar !15%* 91 57 77 80 78

MR-MT CURE !0.75* 100 71 87 100 90

Both present* 100 86 93 100 95

*All numbers reported are percentages.
CRT " cardiac resynchronization therapy; CURE " circumferential uniformity ratio estimate;

DE-CMR " delayed enhancement-cardiac magnetic resonance; MR-MT " magnetic resonance-
myocardial tagging; NPV " negative predictive value; PPV " positive predictive value.
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Results

Study population
In the study population, 55 patients were males (63%) and 32
females (37%). The mean age was 62+11 years. Nineteen
patients were in NYHA class IV (22%), 59 in class III (68%), and
9 in class II (10%). The cause of heart failure was ischaemic in 31
(36%) patients and non-ischaemic in 56 patients. The mean dur-
ation of QRS was 145+ 32 ms, with 14 patients (17%) presenting
a QRS duration ,120 ms. Thirteen patients (15%) presented with
chronic atrial fibrillation (AF). Severe dilation of the LV was
observed in most patients [mean LV end-diastolic diameter
(LVEDD) of 75+10 mm, mean LV end-systolic diameter
(LVESD) of 63+ 10 mm, mean LVEDV of 279+ 116 mL, and
mean LVESV of 214+100 mL], associated with a mean LV ejec-
tion fraction of 24+7%. Tissue Doppler imaging demonstrated
substantial LV dyssynchrony in this population (83+50 ms).
A combined device was implanted in 74% of patients (90% of the

super-responders group vs. 71% of the other group, P ¼ 0.274).
There were no significant differences regarding the pacemaker

implantation procedure, namely in the lead position, between
super-responders and the other patients.

Incidence of super-responders
Among the 87 patients with DCM, 10 (12%) demonstrated a
reduction of one or more NYHA functional class, an increase in
the LVEF to two-fold or more the baseline LVEF or to an absolute
value .45%, and a decrease in the LVESV .15%, 6 months after
CRT. These patients, who had no re-hospitalizations for the man-
agement of congestive heart failure, were considered super-
responders to CRT. In 34 patients (38.4%), the LVESV did not
reduce or had a reduction ,15% after CRT (non-responders).

Differences of baseline characteristics
between super-responders
and the other patients
Regarding baseline characteristics, there were no statistically signifi-
cant differences between super-responders and the other patients,
except for the fact that super-responders had significantly smaller
mitral regurgitation, smaller LV diastolic diameters (LVDDs), and
shorter duration of heart failure symptoms (Table 1). Super-
responders also tended to present more intraventricular dyssyn-
chrony and IVD, higher QRS duration before CRT, and less fre-
quently ischaemic cardiomyopathy than the other patients.
However, there were no significant statistically differences
between the two groups regarding these parameters.

One of the super-responders was in AF, another one had a QRS
,120 ms, and two of them were in NYHA class II before CRT.

Effects of cardiac resynchronization
therapy: 6 months of follow-up
After CRT, we observed a significant improvement of NYHA func-
tional class, LVEF, LV diameters, mitral regurgitation JA, intraventri-
cular dyssynchrony, and IVD in both groups. Left ventricular
end-systolic volume showed a significant decrease in both
groups; however, LVEDV reduced significantly only in the super-
responder group (Table 2). Regarding the magnitude of response,
LV volumes, LVEF, and LVESD showed a significantly greater
improvement in super-responders than in the other patients
(Figure 1). The variation of NYHA functional class, intraventricular
dyssynchrony and IVD, and mitral regurgitation JA was not signifi-
cantly different between the two groups.

There were no re-admissions for heart failure 6 months after
CRT in the super-responder group and a re-admission rate of

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Comparison of baseline characteristics of super-responders and the other patients

Super-responders (n5 10) Other patients (n 5 77) P-value

Male gender (%) 60 64 0.54

ICM (%) 50 34 0.32

Age (years) 60+8 62+11 0.41

NYHA class 3.0+0.7 3.1+0.6 0.66

Duration of symptoms (months) 15.1+17.8 33.9+35.7 0.01

QRS duration (ms) 153.5+30.8 143.5+31.6 0.30

JA (cm2) 5.4+6.7 8.1+5.4 0.04

LVEDD (mm) 69.3+6.4 75.3+10.0 0.04

LVESD (mm) 57.3+7.5 63.6+10.2 0.06

LVEDV (mL) 244.4+72.8 267.9+110.4 0.60

LVESV (mL) 192.8+72.3 204.8+94.0 0.79

Sphericity index 0.62+0.11 0.66+0.16 0.48

LVEF (%) 22.5+8.6 24.4+6.5 0.43

LV dP/dt (mmHg/s) 515.8+247.4 476.3+160.5 0.89

Intraventricular dyssynchrony (ms) 113.0+96.7 78.8+40.2 0.37

Interventricular dyssynchrony (ms) 57.0+35.6 49.1+23.4 0.35

ICM, ischaemic cardiomyopathy; JA, mitral regurgitation jet area; LVEDD, left ventricular end-diastolic diameter; LVESD, left ventricular end-systolic diameter; LVEDV, left
ventricular end-diastolic volume; LVESV, left ventricular end-systolic volume; LVEF, left ventricular ejection fraction.
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failure and may justify the possibility of having super-responders
with lower baseline NYHA class. Our work further extends
these findings by showing that patients with a history of ,12
months of symptoms benefit the most from CRT.

To the best of our knowledge, the possibility of having super-
responders even if they lack the classical indications to CRT has
never been previously described.

Clinical implications
Our work demonstrated that super-responders to CRT are not
rare in the real world. Additionally, these results suggest that
patients with a less altered LV geometry have a higher probability
of being super-responders. This may have important therapeutic
implications. If confirmed by large, long-term, multi-centre
studies, these results may lead to CRT in earlier phases of the

cardiomyopathy when the probability of complete reverse remo-
delling is higher. Finally, this is the first report of super-responders
in off-label indications to CRT.

Study limitations
This is a single-centre, observational cohort study. The most
important limitations of this study are the small number of patients
included and the relatively short period of follow-up.

Further studies with larger number of patients are warranted to
confirm these results.

Conflict of interest: none declared.
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Table 3 Comparison of effects of cardiac
resynchronization therapy in patients in New York
Heart Association (NYHA) class II with patients in
NYHA class III or IV

Patients in class
II (n5 9)

Patients in class III
or IV (n5 78)

LVEF (%)

Baseline 22.3+5.6 24.4+6.8

Follow-up 30.1+6.7* 31.4+9.7*

LVEDV (mL)

Baseline 275.1+66.6 263.2+111.1

Follow-up 223.9+77.7* 253.9+124.7

LVESV (mL)

Baseline 216.6+65.5 200.9+94.4

Follow-up 157.7+59.4* 179.9+105.0*

JA (cm2)

Baseline 8.1+6.3 7.9+5.5

Follow-up 4.1+4.5* 6.1+5.0*

Re-hospitalization due
to heart failure (%)

0 7.7

*P, 0.05 follow-up vs. baseline value.
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the echocardiographic response (reduction in LVESV !15%),
128 patients (45%) demonstrated both clinical and echocardio-
graphic response and were classified as þ/þ responders. Either
clinical response or LVESV response was reported in 114 patients
(40%), and accordingly, these patients were classified as þ/2
responders. Of note, 81 patients had clinical response without
LV reverse remodelling !15%, and a reduction in LVESV !15%
without clinical improvement was noted in 33 patients. Finally,
44 patients (15%) did not improve in clinical status, nor had a
reduction in LVESV !15%. These patients were classified as
2/2 responders (Figure 1B).
Differences in baseline characteristics between the three com-

bined subgroups are summarized in Table 4. For combined positive
response after CRT (þ/þ responders), there was a strong associ-
ation with non-ischaemic aetiology of HF (P ¼ 0.021). Moreover,
history of VT was most frequently observed in 2/2 responders

(P ¼ 0.0030). Finally, þ/þ responders had a lower LVFT/RR
(P ¼ 0.013) and a larger IVMD (P ¼ 0.028).

Discussion
In this sub-analysis of the PROSPECT study, we explored the
relationship between baseline characteristics and CRT outcomes,
defined on a reverse remodelling spectrum as well as combinations
of clinical and volume responses. We showed that patients mani-
festing different responses in these terms have distinguishable base-
line profiles.

Defining cardiac resynchronization
therapy outcomes
Are there more clinically relevant ways of defining CRT outcomes
than dichotomous LV volume changes or clinical status alone?

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Differences in baseline characteristics between super-responders, responders, non-responders, and negative
responders

SUPER (n 5 108) RESP (n5 53) NON (n 5 67) NEG (n5 58) P-value

Age, years 68+10 67+10 68+11 66+13 0.37

Gender, male, n (%) 63 (58) 43 (81) 49 (73) 47 (81) 0.0026
NYHA class IV, n (%) 1 (1) 2 (4) 3 (4) 5 (9) 0.016
Non-ischaemic aetiology, n (%) 60 (56) 25 (47) 27 (40) 23 (40) 0.023
Diabetes, n (%) 27 (25) 16 (30) 22 (33) 16 (28) 0.52

History of AF, n (%) 21 (19) 11 (21) 10 (15) 11 (19) 0.71

History of VT, n (%) 19 (18) 13 (25) 25 (37) 23 (40) 0.0005
QRS duration, ms 166+20 168+26 163+23 158+24 0.033
LVEF, % 30+9 27+8 29+11 29+10 0.73

LVESV, mL 161+88 196+81 168+90 167+89 0.77

LVEDV, mL 223+102 261+93 230+97 229+100 0.83

LVFT/RR, % 43+9 43+8 46+8 45+10 0.051

IVMD, ms 50+35 47+34 44+38 25+39 0.0002
Ts-(lateral-septal), ms 68+44 50+38 49+38 44+35 0.0022

Abbreviations as in Table 2.
SUPER, super-responders; RESP, responders; NON, non-responders; NEG, negative responders.
Provided P-values are for trend between subgroups, Cochran–Mantel–Haenszel test for categorical variables, and least squares regression for continuous variables.
Significant P-values in boldface.

Figure 1 Percentage of responders, according to the extent of reduction in left ventricular end-systolic volume (A) and the combination of
clinical response and a reduction in left ventricular end-systolic volume !15% (B).
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