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Abstract
Aim: To evaluate clinical and morpho-functional predictors of super-response to cardiac resynchronization therapy (CRT) in 
patients with heart failure and reduced ejection fraction (HFrEF) in the short-term period after implantation. 
Material and Methods. The study enrolled 86 patients (88.4% men, 54.0 ± 8.9 years mean age, New York Heart Association 
(NYHA) class II–IV). Patients were examined at baseline and in dynamics (mean follow-up was 10.6 ± 3.6 months). According 
to the change in left ventricular (LV) end-systolic volume (ESV) patients were divided into two groups: Group I (n = 19) with a 
decrease in LV ESV ≥ 30% (super-responders (SR) and Group II (n = 67) – decrease in LV ESV < 30% (non-super-responders 
(non-SR). Parameters of mechanical dyssynchrony (MD) were assessed in the two groups including LV pre-ejection period, 
interventricular mechanical delay (IVMD), intraventricular delay (IVD).
Results. At baseline, traditional parameters of MD were higher in SR: LV pre-ejection period (156.8 ± 35.4 ms vs 135.0 ± 35.6 
ms; p = 0.021) and IVMD (73.0 [43.0; 108.0] ms vs 47.0 [19.5; 70.0] ms; p = 0.017). Logistic regression results showed that 
female gender (HR 7.048; 95% CI 1.496–33.206; p = 0.014) and QRS width (HR 1.017; 95% CI 1.000–1.034; p = 0.048) had 
an independent association with super-response.
Conclusion. In patients with HFrEF, more severe mechanical and electrical dyssynchrony is associated with super-response 
to CRT in a short-term follow-up period. 
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Аннотация
Цель: выявить морфофункциональные особенности сердца у больных с хронической сердечной недостаточностью 
(ХСН) и развитием суперответа на сердечную ресинхронизирующую терапию (СРТ) при коротком периоде наблюдения. 
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Материал и методы. В исследование было включено 86 пациентов (88,4% мужчин, средний возраст – 54,0 ± 8,9 года) 
с II–IV функциональным классом ХСН по NYHA. Обследование пациентов проводилось исходно перед постановкой 
кардиостимулятора и в динамике (срока наблюдения составил 10,6 ± 3,6 месяца). В соответствии с ответом на СРТ 
пациенты были разделены на две группы: I гр. (n = 19) с уменьшением конечно-систолического объема (КСО) левого же-
лудочка (ЛЖ) ≥ 30% от исходного (суперреспондеры) и II гр. (n = 67) – уменьшение КСО ЛЖ < 30% (несуперреспондеры).
Результаты. Исходно параметры механической диссинхронии были выше у суперреспондеров (период аортального 
предызгнания (период аортального предызгнания (156,8 ± 35,4 мс и 135,0 ± 35,6 мс; p = 0,020); механическая межже-
лудочковая задержка (73,0 [43,0; 108,0] мс vs 47,0 [19,5;70,0] мс; p = 0,017). Сочетание женского пола (ОШ 7,048; 95% 
ДИ 1,496–33,206; p = 0,014) и ширины QRS (ОШ 1,017; 95% ДИ 1,000–1,034; p = 0,048) имело независимую связь с 
развитием суперответа на СРТ. 
Заключение. У пациентов с ХСН более выраженная механическая и электрическая диссинхрония ЛЖ ассоциируются 
с суперответом на СРТ при коротком периоде наблюдения. 

Ключевые слова: механическая диссинхрония, суперответ, сердечная ресинхронизирующая терапия.
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Соответствие принципам 
этики: 

исследование было выполнено в соответствии со стандартами надлежащей клиниче-
ской практики Локального этического комитета и принципами Хельсинкской декларации  
(1964 г.). До включения в исследование у всех участников было получено письменное 
информированное согласие. 
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Introduction
Asynchronous left ventricular (LV) function in patients 

with heart failure and reduced ejection fraction (HFrEF) with 
the presence of left bundle branch block (LBBB) and wide 
QRS complex are recognized as the main criteria for the 
selection to cardiac resynchronization therapy (CRT) by 
the current guidelines [1]. CRT is associated with the po-
tential reversibility of cardiac remodeling [2]. Improvement 
of long-term survival in patients with HFrEF following CRT 
implantation are proportional to the degree of improvement 
of LV systolic function. Patients with pronounced reverse 
remodeling after CRT are identified as super-responders  
(SR) [3].

Non-ischemic etiology of cardiomyopathy, female sex, 
LBBB and QRS width among various factors are described to 
be associated with super-response to CRT [4, 5]. However, 
several studies have shown that the criteria of intraventricular 
and interventricular mechanical dyssynchrony (MD) are more 
accurate predictors of super-response to CRT [6, 7].

The purpose of this study is to evaluate clinical and 
morpho-functional features in patients with HFrEF and su-
per-response to CRT and to determine predictors of super-re-
sponse in a short-term follow-up period.

Material and Methods
The study enrolled 86 patients included in “The register of 

performed operations of cardiac resynchronization therapy”© 
(88.4% men, mean age 54.0 ± 8.9 years, 58.2% with LBBB, 
54.7% with ischemic cardiomyopathy) [8]. The main criteria 
for the selection of patients were: NYHA functional class II–
IV, LV EF ≤35%; markers of intraventricular and/or interven-
tricular MD recorded with two-dimensional echocardiography 
(2D Echo). Standard echocardiography was performed using 

a commercially available system Philips IE 33. The examina-
tion included 2D Echo grayscale, color and tissue Doppler 
imaging (TDI). Using 2D echocardiography, we evaluated LV 
end-diastolic volume (EDV), LV end-systolic volume (ESV) 
and LV ejection fraction (LVEF).

Super-response was defined as a decrease of LV  
ESV ≥ 30% at the follow-up visit. According to the change 
in LV ESV, patients were divided into two groups: group I  
(n = 19) with a decrease in LV ESV ≥30% (SR); and group 
II (n = 67) with a decrease in LV ESV < 30% (non-super-re-
sponders, non-SR). 

As for dyssynchrony parameters, two MD indexes were 
quantified by 2D echocardiography: interventricular mechan-
ical delay (IVMD), defined as the delay in onset of outflow 
between the left and right ventricle (abnormality cut-off > 40 
ms); and LV pre-ejection period (PEP) (abnormality cut-off > 
140 ms) (Figure 1). IVD was assessed by TDI, based on the 
difference between time to onset of systolic velocity spec-
trum recorded from lateral and septal mitral annulus from 
4-chamber apical view asynchrony (abnormality cut-off > 60 
ms) [9].

The patient examination was performed at baseline and 
during the follow-up (10.6 ± 3.6 months). All patients were on 
optimal drug therapy according to current guidelines [1]. 

Statistical analyses were performed using SPSS for Win-
dows version 23.0 (SPSS Inc., Chicago, IL, USA). Categor-
ical variables were reported as count and percent and com-
pared by χ2 exact test. Continuous variables were tested for 
normality by the Kolmogorov-Smirnov test and reported as 
mean and SD or median and quartiles as appropriate. Stu-
dent’s t-test and Mann – Whitney Wilcoxon test were used 
for comparing continuous variables expressed as means and 
medians, respectively. P value < 0.05 was considered statis-
tically significant.
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Results
Compared to Group II (non-SR), Group I (SR) were less 

likely to be males (63.2% vs 95.5%; р < 0.001). There were 
no signifi cant diff erences between the groups with respect to 
the 6 minute walk test (6MWT) (SR 315.6 vs non SR 295.1; 
р = 0.461), NYHA functional class (SR 1.8 vs non SR 2.0; 
p = 0.178) and all other characteristics (Table 1). 

At the follow up visit, there was still no statistically 
signifi cant diff erence with respect to the 6MWT (SR 414.9 vs 
non SR 379.9; р = 0.183) and NYHA functional class (SR 1.8 
vs non SR 2.0; р = 0.178). 

The SR group exhibited more pronounced manifestations 
of MD and QRS duration. The LV PEP and IVMD were signifi -
cantly higher (Table 2). 

Fig. 1. Increase of left ventricular pre-ejection period in patient with super-
response to cardiac resyncronuzation therapy.
Рис. 1. Увеличение периода аортального предызгнания у пациента с 
суперответом на сердечную ресинхронизирующую терапию. 

During the follow-up, a statistically signifi cant improve-
ment in echocardiographic parameters was noticed in both 
groups, with comparing initial data, along with LV ESV, which 
was used as the separation criterion. Signifi cantly lower 
values of LV EDV and greater LV EF were found in Group I 
on the follow-up visit (Table 2).

Table 1. Baseline characteristics of study participants (n = 86)
Таблица 1. Клинико-функциональная характеристика пациентов

Feature
Показатель

Group I (n = 19)
Группа I

Group II (n = 67)
Группа II р

Age, years
Возраст, годы 54.7 ± 8.5 53.9 ± 9.1 NS

нд

Gender, % male
Пол, % мужчины 63.2 95.5 < 0.001

Ischemic CMP, %
ИБС, % 52.6 55.2 NS

нд
Atrial fi brillation, %
ФП, % 15.8 40.3 NS

нд
Diabetes, %
СД, % 21.1 11.9 NS

нд
Arterial hypertension, %
АГ, % 84.2 68.7 NS

нд
History of MI, %
ИМ в анамнезе, % 26.3 44.8 NS

нд
LBBB, %
БЛНПГ, % 73.7 52.2 NS

нд

QRS, ms 165.7± 42.7 136.3 ± 33.7 0.006

СRТ-D, %
СРТД, % 52.6 71.6 NS

нд

Note: CMP – cardiomyopathy; MI – myocardial infarction; LBBB –
left bundle branch block; CRT-D – combined system for cardiac 
resynchronization therapy with cardioverter-defi brillator function; NS – 
non signifi cant (p > 0.05).
Примечание. ИБС – ишемическая болезнь сердца, ФП – фибрилля-
ция предсердий, СД – сахарный диабет, АГ – артериальная гипер-
тензия, ИМ – инфаркт миокарда, БЛНПГ –  блокада левой ножки 
пучка, СРТ-Д – комбинированная система для сердечной ресинхро-
низирующей терапии с функцией кардиовертера-дефибриллятора, 
нд – нет достоверных различий, (р > 0,05).

Table 2. Echocardiographic parameters of study participants (n = 86)
Таблица 2. Динамика эхокардиографических параметров (n = 86)

Feature
Показатель

Group I (n = 19)
I группа (n = 19)

Group II (n = 67)
II группа (n = 60) р

LV EF, %
ФВ ЛЖ, (%)

at baseline
исходно  30.6 ± 6.2 30.6 ± 5.2 NS

нд
control

контрольно 45.3 ± 7.2* 34.9 ± 6.2* < 0.001

LV EDV, ml
КДО ЛЖ, (мл)

at baseline
исходно  240.7 ± 59.4 239.9 ± 58.2 NS

нд
контрольно 190.9 ± 48.6* 230.4 ± 59.1* 0.002

LV ESV, ml
КСО ЛЖ, (мл)

at baseline
исходно  172.4 ± 52.2 168.1 ± 48.8 NS

нд
контрольно 104.6 ± 31.9* 152.9 ± 50.3* < 0.001

LV pre-ejection period, ms
Период аортального предызгнания, (мсек)

at baseline
исходно  156.8 ± 35.4 135.0 ± 35.6 0.021

Mechanical interventricular delay, ms
Механическая межжелудочковая задержка, (мсек)

at baseline
исходно  73.0 [43.0; 108.0] 47.0 [19.5; 70.0] 0.017

Intraventricular delay by TDI, ms
Максимальная межсегментарная задержка, TDI, (мсек)

at baseline
исходно  78.0 [40.0; 110.0] 55.5 [28.8; 100.0] 0.149

Note: LV – left ventricular; EF – ejection fraction; EDV – end-diastolic volume; ESV – end-systolic volume; TDI – tissue Doppler; * – signifi cant relationship 
of control from initial (p < 0,05); NS – non signifi cant, (p > 0.05).
Примечание: ФВ ЛЖ – фракция выброса левого желудочка; КДО ЛЖ – конечно-диастолический объем левого желудочка; КСО – конечно-систо-
лический объем; КДД – конечно-диастолический диаметр; КСД – конечно-систолический диаметр; тканевая допплерография – TDI; * – значимая 
достоверность контроля от исходных данных (р < 0,05); нд – нет достоверных различий, (р > 0,05).
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Logistic regression results showed that female gender 
(HR 7.048; 95% CI 1.496-33.206; p = 0.014) and QRS 
width (HR 1.017; 95% CI 1.000–1.034; p = 0.048) had an 
independent association with super-response. According to 
the ROC analysis, sensitivity and specificity of this model in 
the prediction of super-response to CRT were 73.7% and 
81.7%, respectively. The area under the curve (AUC) was 
0.746; p = 0.002, which indicates that the predictive model is 
of good quality (Fig. 2).

that, the reverse LV remodeling in SR after CRT remains sta-
ble with long-term follow-up [3]. Despite the different defini-
tions for super-response time, patients with super-response 
demonstrated better survival, better dynamics of clinical and 
functional features, and more significant increase in LVEF 
[12]. 

A subanalysis of the PROSPECT study showed that SR 
before the pacemaker implantation had more pronounced 
traditional criteria of electrical dyssynchrony and MD than 
responders, non-responders and patients with negative 
dynamics [6]. Compared with males, female patients were 
found to have more frequent electromechanical abnormali-
ties at shorter QRS width [13]. In recent years, new methods 
of visualizing the myocardium (speckle tracking echocardiog-
raphy) facilitate our understanding of the electromechanical 
background of LBBB [14]. It should be noted that baseline 
MD was shown to be a significant predictor of CRT efficiency 
[15–17]. While previous studies demonstrated that greater 
response was associated with LBBB and QRS width [18].

Of note in our study, at baseline, both groups were com-
parable in QRS morphology. Groups differed in the duration 
of QRS width, LV PEP and IVMD, which were significantly 
higher in the SR group.

Conclusion:
In patients with HFrEF, more severe mechanical and 

electrical dyssynchrony is associated with super-response to 
CRT. 

Limitations
Enrollment began in January 2005 until July 2017. During 

this period, the selection criteria for CRT in current guidelines 
changed. 

At baseline for implantation of biventricular pacemaker 
two main criteria were identified: decreased LVEF and the 
presence of MD. One of the first examples of use such an 
approach was the Protocol of St. Mary’s Hospital in London. 
The results of the MADIT-CRT study are reflected in the clin-
ical guidelines of ESC in 2013. There was a requirement for 
a presence of QRS morphology by LBBB; which was not a 
criterion before. Clinical guidelines of ESC in 2016 confirm 
QRS width more than 150 ms; increasing from a previous 
cut-off of 120 ms.

In general, we used our experience of patient selection 
for CRT, from 2005 until the update to the guidelines for CRT 
in 2013, in our practice the protocol of St. Mary’s Hospital 
(London) for recommendation for CRT [9].

Fig. 2. Sensitivity and specificity of model in the prediction of super-
response to CRT were 73.7% and 81.7%, respectively
Рис. 2. Чувствительность и специфичность модели прогнозирования 
суперответа на СРТ: 73.7% и 81.7% соответственно

Discussion
Currently, there is no consensus on the follow-up period 

when the response to CRT should be assessed [10, 11]. In 
our study, changes in echocardiographic parameters were 
evaluated during the first year after implantation [11]. Besides 
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