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Abstract: Patients with heart failure (HF) undergoing cardiac resynchronization therapy (CRT) who exhibit above-
expected improvement are known as super-responders. We assessed the rate of super-responders in a population 
with left bundle branch block (LBBB) > 150 ms in the absence of scar tissue in the left ventricular posterolateral 
wall as well as prognostic variables. In this prospective observational cohort study (n=20) an electrocardiogram 
(ECG) was performed pre- and post-CRT. The classic and Strauss LBBB criteria were adopted (> 150 ms). The 
percent (%) reduction of the QRS was calculated after implantation. All patients responded to the Minnesota Living 
with Heart Failure questionnaire and underwent an echocardiogram to measure left ventricular ejection function 
(LVEF), left atrium (LA) diameter, left ventricular end-systolic volume (LVEDV), left ventricular end-diastolic volume 
(LVESV), and left ventricular end-diastolic diameter (LVEDD) pre- and 6 months post-CRT. Cardiac magnetic reso-
nance imaging (MRI) measured the presence of scar tissue in the posterolateral LV wall and the total scar burden 
(% LV mass). Fisher’s exact test and the Mann-Whitney test were performed to evaluate possible prognostic vari-
ables. The mean age was 58.20±8.79 years old, 60% female, with a mean LVEF of 28.15±5.10%, ECG with LBBB 
mean QRS of 162.15±7.86 ms, LBBB > 150 ms with Strauss standard in 90% of cases, and 90% with non-ischemic 
cardiomyopathy. Twelve cases (60%) of super-responders (reduction > 30% LVESV after 6 months) were observed. 
Super-responders did not present a difference in response in sex (12 vs 8 P=0.67), age (58.67 vs 57.7 P=087), 
Minnesota quality of life (55.50 vs 67.70 P=0.2), % initial QRS reduction (21.16 vs 18.69 P=0.21), LVEF (29.25 
vs 26.5 P=0.38), LVEDD (66.33 vs 67.67 P=0.83), LVEDV (211.16 vs 228.53 P=0.75), LVESV (145.83 vs 167.00 
P=0.75), or LA diameter (41.58 vs 43.63 P=0.45). The presence of LBBB > 150 ms, using the Strauss standard 
(90%) and the absence of scar in the posterolateral wall may account for these positive results. Super-responders 
benefit the most from CRT, and the results of this study can contribute to a better selection of CRT candidates.
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Introduction

Cardiac resynchronization therapy (CRT) has 
shown positive results in the treatment of con-
gestive heart failure (HF) in patients with con-
duction disorder, marked left ventricular dys-
function, and New York Heart Association (NY- 
HA) outpatient class II, III, and IV. It is consid-
ered a class I treatment and attained the high-
est level of scientific evidence among various 
Cardiac Resynchronization Therapy Guidelines 
[1, 2].

Around 30% of patients, called non-respond-
ers, do not have a positive outcome after CRT 
[3]. The classification of responders and non-
responders is heterogeneous throughout sev-
eral studies [4, 5]. Various authors have des- 
cribed groups of patients who experience high-
er than expected responses including marked 
improvement in left ventricular function, NYHA 
class, and echocardiographic parameters. This 
population is referred to as super-responders 
and range from 10 to 38% of study participants 
[6-16].
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After analysis and follow-up of large studies on 
cardiac resynchronization, the presence of left 
bundle branch block (LBBB) > 150 ms is con-
sidered an important prognostic variable in the 
choice of candidates for CRT. A meta-analysis 
reported that LBBB-associated dyssynchrony 
with a QRS duration > 150 ms was considered 
the most important variable in the selection of 
CRT candidates [17]. Another study showed the 
benefit of CRT was associated with QRS patien- 
ts with LBBB morphology lasting more than 
150 ms [18]. New criteria for LBBB, designated 
as the Strauss criteria, were defined in 2011 
and are promising in diagnosing true cardiac 
desynchrony and consequently a better resyn-
chronization response [19].

The absence of scar in the left ventricular (LV) 
posterolateral wall as well as the scar burden 
(%) evaluated by the delayed magnetic reso-
nance (MRI) enhancement technique was also 
associated with an increased response rate to 
CRT. Fibrosis > 50% of the lateral or posterolat-
eral LV segment has been associated with a 
lower response rate to cardiac resynchroniza-
tion [20]. In a systematic review the presence 
of significant scarring in the LV posterolateral 
wall was related to a 46% reduction by echocar-
diographic criteria and a 67% reduction by clini-
cal criteria to CRT [21].

The rate of CRT super-response as well as pos-
sible prognostic variables is not known in this 
new scenario (LBBB > 150 ms, Strauss-defined 
LBBB, absence of scar tissue in the LV postero-
lateral wall). This study estimates the rate of 
super-responders as well as potential prognos-
tic variables in this population.

Material and methods

Patient selection

From February 2015 to December 2016, 24 
patients followed at the Dante Pazzanese 
Institute of Cardiology (IDPC), a tertiary cardiac 
hospital in São Paulo, Brazil, were selected for 
resynchronization pacemaker implantation ac- 
cording to the criteria for inclusion and exclu-
sion below.

Inclusion criteria: 1) patients with HF LVEF < 
35% of idiopathic ischemic dilated etiology, 2) 
LBBB > 150 ms, 3) optimized HF treatment, 4) 
NYHA CLASS II, III, IV (outpatient), and 5) sinus 
rhythm.

Exclusion criteria: 1) patient refusal, 2) recent 
myocardial infarction (< 6 months), 3) presence 
of atrial fibrillation, 4) patients with a prosthe-
sis that alters the scar burden evaluation by 
MRI/artifacts (Ex: stents, metal valves), 5) pa- 
tients with creatinine clearance < 40 ml/min 
(contraindicated for use of gadolinium for MRI 
fibrosis assessment technique), 6) presence of 
cardiac pacemaker, 7) patients with HF using 
vasoactive drugs, 8) presence of delayed myo-
cardial enhancement MRI in the LV posterolat-
eral region, or 9) comorbidities with life expec-
tation of < 12 months.

Patients with ischemic and nonischemic HF 
were included. Ischemic HF patients where 
considered those to have reported a previous 
infarction, who underwent angioplasty or sa- 
phenous/mammary bridge, or those with coro-
nary angiography lesions > 50%.

Electrocardiogram analysis

All 20 patients underwent 12-lead ECG for eval-
uation of QRS morphology and duration pre- 
and post-implant. QRS duration measurement 
should be measured from its inception to the 
point where the complex returns to baseline. 
The value selected should be where the QRS 
has the longest duration in any of the 12 leads. 
The classic LBBB criteria as well as that sug-
gested by Strauss were adopted [19]. The dura-
tion of QRS pre- and post-implantation were 
analyzed, as well as the percentage of reduc-
tion of final QRS in relation to the initial me- 
asurement.

Echocardiogram analysis

All 20 patients underwent echocardiographic 
parameter measurements pre- (< 1 month) and 
post-implantation (> 6 months). We measured 
the LVEF, LVESV, LSEDV, LA diameter, and 
LVEDD pre- and post-CRT according to the rec-
ommendations of the American Society of Ec- 
hocardiography (ASE) [22]. To standardize pre- 
and post-implant analysis, the echocardiogram 
was always performed by the same physician 
with extensive experience in echocardiography. 
The echocardiogram machine used was the GE 
model E9.

Myocardial MRI analysis

All 20 patients underwent cardiac MRI, which 
was considered safe and noninvasive, to as- 
sess LVEF, scar burden (%), and its presence or 
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absence in the LV posterolateral wall according 
to the recommendations of the American con-
sensus statement on cardiac MRI [23]. The 
examinations were performed using the Philips 
Ingenia 3.0 Tesla resonance imaging device by 
a team of IDPC physicians with extensive expe-
rience in cardiac MRI analysis.

CRT super-response criteria and possible prog-
nostic variables

Although there are several parameters used in 
the evaluation of cardiac resynchronization su- 
per-response rate, we used a reduction of > 
30% LVESV as a defining variable of CRT super-
response. From the possible prognostic vari-
ables related to super-response rate [6-16], 
age, gender, Minnesota Quality of Life sco- 
re, echocardiographic parameters (LA, LVESV, 
LVEDV, LVEDD, LVEF), and electrocardiographic 
recordings (% reduction in initial QRS) were 
analyzed.

The Minnesota Quality of Life Questionnaire is 
comprised of 21 questions about physical, 
emotional, and financial considerations and 
lifestyle issues related to HF. The score on each 
question ranges from 0 corresponding to “with-
out limitations” to 5 referring to “maximum limi-
tation”. The total score can range from 0 to 105 
points where the lowest score represents a bet-
ter quality of life (good quality of life < 26 points, 
moderate quality 26-45 points, and poor quali-
ty of life > 45 points) [24]. A reduction of 10 

able in the Brazilian market (Biotronik, Boston, 
Medtronic, St Jude).

At 1 month after implantation, the 20 patients 
underwent the first technical evaluation of the 
CRT through telemetry. In telemetry, the atrio-
ventricular interval (standard AV-sense 120 
ms) was adopted [25]. It was ensured that ven-
tricular capture was > 90% (ideally > 97%). The 
best bi-ventricular pacing (VV) intervals were 
defined as producing the best (narrowest) sur-
face QRS (LV < VD between -40 to 0 ms) [26, 
27]. In addition, by means of chest x-ray, we 
confirmed the correct positioning of the elec-
trodes (LV posterolateral).

Follow up

All 20 patients completed the 6-month follow-
up for the final assessment of CRT super-
response rate. The patient was offered access 
to the hospital’s emergency care service as well 
as the institution’s pacemaker outpatient clinic 
for any necessary evaluation. They signed a 
consent form previously accepted by the In- 
stitutional Teaching and Research Committee 
of the IDPC, informing the risks and benefits of 
the intervention.

During the selection process, four patients 
were excluded for stroke, sudden death, mor-
bid obesity associated with claustrophobia con- 
traindicating the MRI assessment, and heart 
transplantation. The study design is presented 
in Figure 1.

Figure 1. Prospective obser-
vational study flowchart. 

points is considered a good 
response to CRT [1].

Surgical technique, material 
used, cardiac resynchroniza-
tion programming

All 20 patients underwent  
the conventional resynchroni-
zation pacemaker implant te- 
chnique. Whenever possible, 
the LV electrode was position- 
ed in the posterolateral wall 
through the coronary sinus. If 
necessary, a left lateral mini-
thoracotomy could be perfor- 
med for epicardial LV lead 
implantation.

The brands of devices used for 
the implants were the 4 avail-
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Statistical analysis

The descriptive outcomes of the quantitative 
variables of our population are presented as 

the mean and standard deviation. In the evalu-
ation of possible associations among qualita-
tive variables for super-response, the Fisher’s 
Test was used. To evaluate the possible asso-
ciation of quantitative variables for super-res- 
ponse, the Mann Whitney Test was used. The 
significance level adopted was 5%. Data were 
analyzed using SPSS Version 19 and R core.

Results

The 20 included patients had a mean follow-up 
of 237 days. Table 1 presents the description 
of the included population.

The rate of CRT super-response was 60% 
(Figure 2) when we used the ventricular remod-
eling criteria (> 30% decrease in LVESV).

The results for LVEF, LVEDV, LVESV, QRS dura-
tion, and Minnesota quality of life test of the  
20 included patients before and after CRT are 
shown in Figures 3-7.

In the analysis of these variables after CRT,  
we observed a relative increase of 48.52% in 
LVEF (Figure 3), a relative reduction of 35.13% 
in LVEDV (Figure 4), a relative reduction of 
28.47% in LVESV (Figure 5), a relative reduction 
of 20.17% in QRS duration (Figure 6), and a 
relative reduction of 33.83% on the Minnesota 
test (Figure 7).

Of the total patients with LBBB > 150 ms, 90% 
met the Strauss criteria. The improvement in 
the NYHA class of the study patients ranged 
from 75% initial class II and 25% class III to 
65% final class I and 35% class II. The percent-
age of ventricular capture in the telemetry as- 
sessment averaged 98.5%. All 20 patients had 
the LV electrode implanted in the LV postero- 
lateral region.

The analysis of possible variables related to 
super-response (reduction > 30% LVESV) are 
presented in Table 2.

In the graphical representation of chosen vari-
ables presented in Table 2, we note that the 
super responders show a greater variability in 
their improvement of LVEF, a decrease in LVE- 
DF, as well as a reduction of the percentage of 
initial QRS duration while demonstrating the 
best performance in the Minnesota test, alth- 
ough these differences did not reach statisti- 
cal significance when compared to non super- 
responders.

Table 1. Sociodemographic and clinical patient 
characteristics

Average (SD)
Age/Years 58.20±8.79
Sex F/M 60%/40%
Etiology
    Ischemic heart failure 10%
    Idiopathic dilated cardiomyopathy 90%
Drugs
    Beta Blocker 100%
    ACE inhibitors/ARBs 95
    Aldosterone 80%
NYHA Classification
    Class II 75%
    Class III 25%
Quality of Life (Minnesota) 56.6±18.8
ECG
    LBBB 100%
    LBBB Strauss + 90%
    QRS Duration (ms) 162.15±7.86
Echocardiogram
    LVEF (%) 28.15±5.10
    LVEDD 67.67±12.37
    LVESV (ml) 154.3±59.10
    LVEDV (ml) 160.5±69.87
    LA diameter (mm) 42.40±4.63
Myocardial MRI
    LVEF % 23.15%±5.81
    Myocardial fibrosis MRI (%) 1.97%±4.31
HF: heart failure; ACE inhibitors: angiotensin-converting 
enzyme; ARBs: angiotensin receptor blocker; LVEF: Left ven-
tricular ejection fraction; LVEDD: left ventricle end-diastolic 
diameter; LVESV: End-systolic volume; EDV: End-diastolic 
volume; ECG: Electrocardiogram; LBBB: Left bundle branch 
block; LA: Left atrium.

Figure 2. CRT super-responder rate analysis of the 
20 patients before and after CRT.
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Of the complications observed, we had 5 cases 
with chronically high stimulation thresholds (> 
2.5/0.4 mv), 1 case of phrenic stimulation, 1 
case of pain score > 7 points by numerical rat-
ing scale, 2 cases of LV electrodes implanted in 
the epicardium, and 1 case of cardiac tampon-
ade diagnosed intraoperatively with a favorable 
outcome.

During the selection of CRT candidates, we 
included exclusively patients who presented 
LBBB > 150 ms as a marker of true cardiac dys-
synchrony. Unlike the vast majority of cardiac 
resynchronization studies that included LBBB 
with QRS > 120 ms and up to 30% of those 
selected with non-LBBB conduction disorder 
[17, 18]. Two meta-analyses previously evalu-

Figure 3. LVEF analysis of the 20 patients before and after CRT.

Discussion

In our study, based on contem-
porary CRT selection criteria, 
we observed a 60% super-re- 
sponse rate, distinct from the 
results presented to date, whe- 
re the super-response rate var-
ies between 10-38% [6-16]. 
Contrary to the classical resyn-
chronization studies, in our stu- 
dy, the presence of LBBB with 
QRS > 150 ms was part of the 
selection criteria and most of 
the patients with LBBB met the 
Strauss criteria [19] (90%). We 
also excluded the presence of 
fibrosis in the LV posterolateral 
wall [10, 21] as well as main-
tained, on average, the bi-ven-
tricular pacing load of 98.5% 
[26, 27]. In assessing the suc-
cess of CRT, these aspects 
represent major advances in 
modern cardiac resynchroniza-
tion [1, 2].

Our rate of adherence to HF 
drug treatment was about 
91.6% when considering the 
use of the triad of beta-block-
ers, ACEI/ARBs, and aldoste-
rone antagonists. In the COM- 
PANION, CARE-HF, REVERSE, 
MADIT-CRT, and RAFT studi- 
es, an average adherence of 
70.90% was reported (it would 
be 96% if we consider the use 
of BB, ACEI/ARBs) [17, 18]. This 
is likely because our patients 
were followed with a group of 
cardiomyopathies that reinfo- 
rce the maintenance of medi-
cations even after CRT.

Figure 4. LVEDV analysis of the 20 patients before and after CRT. 
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Figure 6. QRS duration analysis of the 20 patients before and after CRT. 

ated the importance of LBBB with QRS > 150 
ms as an important prognostic variable in the 
success of CRT [17, 18]. This contributed to the 
selection of patients with true cardiac dyssyn-
chrony for whom CRT has the potential to be 
extremely beneficial.

The surgical technique was rigorously followed 
and the LV electrode was placed in the postero-
lateral wall, via endocardial or epicardial route 

We know that the rate of CRT super-response in 
previous studies is between 10% and 38% of 
patients eligible for CRT [6-16]. Using echocar-
diographic criteria in the analysis of CRT super-
response (LVESV reduction > 30%), we obtained 
a rate of 60% of super-responders. A previous 
study of 8 patients presenting with LBBB (QRS 
120-160 ms) for over 5 years, with initial LVEF 
> 50%, who evolved to HF of electrical etiology, 
LVEF < 40% at follow-up, reported that of these 

Figure 5. LVESV analysis of the 20 patients before and after CRT. 

in all 20 patients. This is funda-
mental, as this is where the 
conduction delay caused by 
the LBBB is found [28]. We 
know that an electrode im- 
planted outside this region 
may be associated with a poor-
er prognosis [28]. 

A previous study showed that a 
scar burden > 50% in the pos-
terolateral segment is associ-
ated with a lower response 
rate to cardiac resynchroniza-
tion [20]. A systematic review 
conducted in 2015 also ob- 
served that the presence of 
significant fibrosis in the LV 
posterolateral wall is related  
to a 46% reduction in the 
response rate by echocardio-
graphic criteria and 67% by 
clinical criteria to CRT [21].

In addition, correct resynch- 
ronizer programming ensured 
the necessary ventricular cap-
ture as well as prompt correc-
tion of potential factors that 
could be related to non-re- 
sponse to CRT. AV and VV inter-
val adjustment were perfor- 
med to ensure maximum LV 
capture as well as greater sur-
face QRS narrowing [25-27]. 
We optimized the resynchro- 
nization program parameters 
according to the best available 
evidence [1, 2]. In the vast 
majority of CRT-related stud-
ies, LV lead implant site data 
and ventricular capture per-
centage are not explicitly de- 
scribed.
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8 patients, 6 had super-response (LVEF > 45% 
and improvement of 1 more NYHA class in 12 
months) [29]. This corresponds to a 75% rate of 
CRT super-response. Although we use different 
criteria for super-response (in our study LVESV 
> 30%), we do not consider LBBB to be the 
cause of HF, but a component that could have 
caused or aggravated HF. Our results are con-
sistent with these higher super-response rate 
findings.

We did not obtain a significant association 
between other possible variables associated 
with this increase in the super-response rate 
(LVEF, LVEDV, LVESV, LVEDD, LA size, % fibrosis, 
and gender) with LBBB > 150 ms. This may 
mean that using the current class I indicatio- 
ns for cardiac resynchronization (LVEF < 35%, 
LBBB > 150 ms), associated with Strauss-de- 
fined LBBB, such as absence of scarring in the 
LV posterolateral wall and degree of ventricu- 
lar capture > 97%, were not predictors of CRT 
super-response.

In a previous study describing a 38% super-
responder rate (> 30% reduction in LVESV, the 
same as in this study), female gender, QRS 
duration, and nonischemic etiology were found 
to be prognostic variables [10]. The inclusion 
criteria were patients with QRS > 130 ms re- 
gardless of the type of block. We did not obtain 
the same results because we included in our 

30% reduction in LVESV) when considering gen-
der and size of the left atrium. We did not con-
sider the etiology of HF as a predictor variable 
in our study because only 10% of our patients 
had ischemic HF.

Female gender was previously cited as one of 
the variables related to the rate of super-
response [30] perhaps because it is related to 
nonischemic etiology and true LBBB (Strauss) 
[19]. Women with LBBB < 150 ms tend to re- 
spond to CRT while men do not [31-33]. In a 
study assessing the difference in CRT response 
between genders by analyzing QRS duration, 
women with LBBB and QRS > 180 ms and men 
with QRS > 200 ms tended to have a decreased 
response to cardiac resynchronization [34]. We 
believe that we did not find this difference 
between genders in the evaluation of CRT 
super-response rate because the duration of 
LBBB in our study varied from 150-180 ms and 
in this range there seems to be no difference 
between genders.

One of the possible limitations of our study is 
the size of our sample. We could not obtain a 
statistically significant association between the 
analyzed variables. Noting the clinical signifi-
cance between the super-responders and non-
super-responders, we also found no clinically 
relevant difference between the predictor vari-
ables analyzed. This may mean the statistical 

Figure 7. Minnesota test analysis of the 20 patients before and after CRT. 

selection LBBB > 150 ms 
(range 150-180 ms), the vari-
able most associated with su- 
per-response [17, 18].

Another study observed that  
in patients with heart failure 
(NYHA class I and II), female 
gender, non-ischemic heart di- 
sease, LBBB, QRS > 150 ms, 
BMI < 30 kg/m2, and reduced 
LA size were predictors of su- 
per-response (criterion used 
was > 14.5% LVEF) [16]. In our 
study, based on the current 
evidence of Class I symptoms, 
LBBB > 150 ms was already 
part of the inclusion criteria. 
This may be the great prognos-
tic variable associated with 
CRT super-response since we 
did not obtain a difference (we 
used a different criterion; > 



Evaluation of super-responders to cardiac resynchronization therapy

24 Am J Cardiovasc Dis 2020;10(1):17-27

analysis in our sample accurately represents 
these results.

An attempt to correlate the percentage of scar 
tissue to the resynchronization response rate is 
recent. The cutoff limit used to separate re- 
sponders or not to CRT ranged from 15 to 35% 
of the total scar burden [35-37]. In our study, 
the analysis was impaired by the low percent-
age of scarring between the compared groups. 
The percentage of scar burden ranged from 0 
to 18% with an average of 1.96%. In a previous 
evaluation of a series of 20 cases, with an aver-
age LVEF of 17%, mean QRS of 164 ms, and 
percent scar burden of 17.2% showed an increa- 
se in the super-response rate (> 25% reduction 
in LVESV) when the LV electrode was implanted 
outside the fibrosis (posterolateral) region [38]. 
Surprisingly, the extent of scarring was not 
associated with super-response (higher on av- 
erage than our study, 17.2%).

In addition, we had a low representation of pa- 
tients with ischemic HF (10%) in our study. Nonis- 
chemic dilated heart disease is more likely to 
be associated with primary electrical heart dis-
ease (LBBB) than ischemic heart disease (as it 
has a defined etiology). In this sense, reverse 
remodeling associated with ischemic etiology 

38%. The detailed analysis of these patients 
showed that the reason for this differentiated 
result is because, unlike previous cardiac re- 
synchronization studies, we included only can-
didates with QRS duration > 150 ms and almost 
all reaching LBBB criteria according to Strauss. 
We also added a cardiac MRI to rule out the 
presence of fibrosis in the LV posterolateral 
wall and sought to maintain the mean biven-
tricular pacing load of 98.5%. Adding these 
inclusion factors to the current class I indica-
tions from the 2012 American and 2013 
European guidelines, we increased the rate of 
CRT super-responders. In this new context, no 
other variable analyzed was associated with 
the rate of super-response as shown in earlier 
studies. Careful analysis of these cases is 
essential, as through them we can improve the 
indication and technique of CRT, thus improving 
the cost-effectiveness of this treatment modal-
ity for heart failure as well as the relevant clini-
cal outcomes.
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Table 2. Possible predictors of CRT super-response
Reduction > 
30% LVESV

Reduction < 
30% LVESV p-value

Patient characteristics
    Sex M/F (n=20) 4/8 (n=12) 4/4 (n=8) 0.64
    Age (years) 58.67±9.99 57.5±7.19 0.87
    Quality of Life (Minnesota) 55.50±16.54 67.50±19.63 0.20
ECG
    QRS Reduction % 21.16±3.74 18.69±4.77 0.21
Echocardiogram
    LVEF % 29.25±3.64 26.5±6.67 0.38
    LVESV (ml) 145.83±43.35 167.00±78.94 0.75
    LVEDV (ml) 211.33±54.20 229.63±75.19 0.75
    LVEDD 66.33±5.10 67.67±12.34 0.82
    LA (mm) 41.58±3.87 43.63±5.65 0.45
Myocardial MRI
    LVEF % 23.42±5.4 22.75±6.75 0.58
    Fibrosis % 1.61±2.58 2.5±6.27 0.69
Ventricular stimulation
    Load of ventricular stimulation (%) 98.25±1.31 97.63±3.15 0.34
LVEF: Left ventricular ejection fraction; LVEDD: left ventricle end-diastolic diameter; 
LVESV: End-systolic volume; LVEDV: End-diastolic volume; ECG: Electrocardiogram; LA: Left 
atrium.

should be smaller [39]. 
Yet in our study this can-
not be evaluated. Inte- 
restingly, a previous stu- 
dy observed that a slight 
improvement in reverse 
remodeling in patients 
with ischemic heart dis-
ease could yield good 
clinical results at 1 year. 
Where, in patients with 
nonischemic/dilated he- 
art disease, these same 
results appear with a 
more discernible impro- 
vement in reverse remo- 
deling [39].

Conclusion

In this study, the rate  
of cardiac resynchroniza-
tion super-response was 
60%, clearly higher than 
most studies in which, 
with rare exceptions, the 
rate does not exceed 
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