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Background:  Cardiac resynchronization therapy (CRT) is an established treatment for heart failure with reduced 
ejection fraction (HfrEF). Etiology may influence the outcome of patients undergoing CRT. Objective: to evaluate 
whether etiology (ischemic vs non-ischemic) influences the response to CRT and overall outcome.  Methods: 
Our study included HFrEF patients undergoing CRT between January 2017-November 2019. We assessed right 
ventricle (RV) and left ventricle (LV) function using transthoracic echocardiography at baseline and one year after 
CRT. The response to CRT was defined by a decrease of more than 15% of left ventricle systolic volume. Patients 
were divided in two groups: ischemic and non-ischemic based on personal history. Adverse events (HF related 
hospitalizations and deaths) were tracked for 33± 12.8 months. Results:  52 patients undergoing CRT were included 
(64±13.5 years, 55.7% male, 70% non-ischemic etiology) The two groups were similar considering LV systolic 
baseline parameters and volumes. Ischemic etiology was associated with non-LBBB morphology on ECG (p=0.03), 
a more severe LV diastolic dysfunction using E/e ratio (p<0.05), and a more severe RV dysfunction using TAPSE 
(p=0.008) and RV fractional area change (FAC) (p<0.05). There was no significant difference in CRT response 
between ischemic and non-ischemic etiology. 14 (26.9%) patients had events (10 hospitalizations and 4 deaths) 
with a higher prevalence in the ischemic group (58.33% vs 25%, p=0.01). Univariate Cox regression analysis reported 
a higher risk of cardiovascular events for ischemic etiology (HR 2.4, 95% CI [0.8-8.1], p <0.05).  In our cohort there 
was no significant difference in use of an implantable cardioverter-defibrillator in addition to CRT between ischemic 
and non-ischemic group (64.2% respectively 63.3%, p =0.3). Conclusion: Our study shows that ischemic and non-
ischemic HF patients had similar response to CRT. However, ischemic etiology was associated with a higher risk of 
adverse cardiovascular events and a worse RV systolic dysfunction at baseline.  
Keywords: cardiac resynchronization therapy, heart failure etiology, right ventricle dysfunction, TAPSE, heart failure 
with reduced ejection fraction.

Context: Terapia de resincronizare cardiacă (CRT) este un tratament eficient în insuficienţa cardiacă (IC) cu fracţie 
de ejecţie redusă. Etiologia poate influenţa prognosticul pacienţilor trataţi prin CRT. Obiectiv: stabilirea influenţei 
etiologiei (ischemică versus non-ischemică) asupra răspunsului la CRT și în prognosticul pacienţilor trataţi prin CRT. 
Metode: Studiul a inclus pacienţi cu IC cu fracţie de ejecţie redusă trataţi prin CRT între ianuarie 2017-noiembrie 
2019. Am evaluat funcţia ventriculului stâng (VS) și drept (VD) înainte de CRT și după 1 an. Răspunsul la CRT a fost 
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definit de scăderea cu peste 15% a volumului telesistolic al VS la 1 an post CRT. Pacienţii au fost împărţiţi în două 
grupuri în funcţie de istoric: ischemici și non-ischemici. Monitorizarea pentru evenimente cardiovasculare  adverse 
(spitalizare secundară decompensării IC si deces) a fost realizată pe o perioadă de 33± 12,8 luni. Rezultate: Au fost 
incluși 52 pacienţi (64±13,5 ani , 55,7% sex masculin , 70% non-ischemici). Cele două grupuri au fost similare în ceea 
ce privește fracţia de ejecţie VS și volumele VS bazale. Etiologia ischemică a fost asociată cu morfologie non-BRS 
pe ECG  (p=0,03), cu disfuncţie diastolică VS mai severă, evaluată prin raportul E/e (p<0,05), și o disfuncţie sistolică 
mai severă a VD evaluată prin TAPSE (p=0,008) și fracţia de schimbare a ariei VD (p<0,05). Nu au existat diferenţe 
semnificative în ceea de privește răspunsul la CRT în cele două grupuri. 14 (26,9%) pacienţi au avut evenimente (10 
spitalizări și 4 decese), predominant pacienţii ischemici (58.33% vs 25%, p=0,01). Analiza de regresie COX univariată 
a raportat un risc crescut de evenimente pentru etiologia ischemică (HR 2.4, 95% CI [0,8-8,1], p <0,05).  În lotul 
studiat nu există o diferenţă semnificativă în utilizarea defibrilatorului automat asociat CRT , între pacienţii ischemici 
și non ischemici (64,2% respectiv 63,3%, p =0,3). Concluzie: În lotul studiat răspunsul la CRT a fost similar între 
pacienţii ischemici și non-ischemici. Etiologia ischemică, însă, este asociată cu un risc mai mare de evenimente 
cardiovasculare și cu o disfuncţie sistolică mai severă a VD anterior CRT. 
Cuvinte cheie: terapia de resincronizare cardiacă, etiologia insuficienţei cardiace, disfuncţia de ventricul drept, 
TAPSE, insuficienţa cardiacă cu fracţie de ejecţie redusă.

1. INTRODUCTION
Cardiac resynchronization therapy (CRT) is an ef-
ficient therapeutic approach for the management of 
patients with symptomatic heart failure (HF) with 
reduced left ventricular ejection fraction (LVEF) ≤ 
35% and a QRS duration of ≥ 130ms with left bun-
dle branch block (LBBB)/non-LBBB morphology 1,2.  
CRT improves LV function by alleviating AV, inter- 
and intra-ventricular synchrony, also reducing func-
tional mitral regurgitation (MR) and inducing LV re-
verse remodelling 3. 

Multiple studies discuss the importance of etiology 
in assessing long-term outcome of patients undergoing 
CRT. Differences in survival rates and improvement of 
LV parameters have been described in ischemic com-
pared to non-ischemic patients 4. 

2. MATERIAL AND METHODS

2.1 Study patients

We conducted a prospective, single-center study that 
involved 52 patients with HfrEF treated with CRT 
in the Cardiology Department of Bucharest Clinical 
Emergency Hospital, Romania, during January 2017–
November 2019. The study was approved by the Ethics 
Committee of the Clinical Emergency Hospital Bu-
charest.

We enrolled patients with HfrEF with CRT in-
dication, corresponding to current ESC Guidelines1. 

The study population was analyzed for age, sex, HF 
etiology: ischemic versus non-ischemic (according to 
coronary angiography), comorbidities, QRS duration 
and morphology. Patients were divided in two groups 
ischemic and non-ischemic according to history and 
coronary angiography. The presence of coronary steno-
sis, previous angioplasty, myocardial infarction placed 
the patient in the ischemic group. 

Standard echocardiography was performed by cer-
tified sonographers (Vivid E9, GE Vingmed Ultra-
sound AS, Horten, Norway).

Left ventricle echocardiographic assessment. Ejection 
fraction and LV volumes (end-systolic and end-dia-
stolic) were assessed using the apical 4-chamber view, 
by Simpson’s biplan equation. E/e was calculated as a 
ratio between pulsed wave early ventricular wave fil-
ing (E) and early myocardial velocity (e) measured by 
tissue doppler imaging. Patients were classified as re-
sponders by a ≥15% reduction of LV end systolic vol-
ume by echocardiographic assessement after  1-year. 

Right ventricle echocardiographic evaluation. The RV 
and pulmonary circulation function were assessed by 
measuring TAPSE and PASP. 

•	 TAPSE was measured using  the apical 
four-chamber view with M-mode cursor placed 
through the lateral tricuspid annulus TAPSE was 
calculated as the peak excursion of the tricuspid an-
nulus from the end of diastole to end systole (mm)5 . 
PASP was estimated using tricuspid regurgitant ve-
locity (TRV) and right atrial pressure (RAP) and as 
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follows: 4(TRV²) + RAP. RAP was assumed based 
on inferior vena cava (IVC) measurements, accord-
ing to guidelines5.
•	 RV Global longitudinal strain (RVGLS) was 
measured using two-dimensional images acquired 
from the four-chamber view. The offline analysis  
was performed using the strain software (Echo-
PAC, General Electric Vingmed Ultrasound). The 
endocardial border of the right ventricle was traced 
manually and tracked by the software.
•	 RV fractional area change (RVFAC) was 
obtained by tracing the RV end-diastolic area and 
end-systolic area  in the apical 4-chamber view.  The 
formula for RVFAC is: (RV end diastolic area − RV 
end systolic area )/RV end diastolic area × 100.

2.2 Follow-up period 

The total follow-up period was 33± 12.8 months af-
ter CRT. The patients were monitored for evolution of 
NYHA class and clinical events: HF-related hospital-
izations and cardiovascular death.  Echocardiography 
was performed at baseline and one year after CRT.  

2.3 Statistical analysis 
Results were expressed as mean ± standard deviation 
for continuous variables and percentage for categori-
cal variables. Differences between continous variables 
were analyzed with the paired sample t-test (from ba-
seline to one year)  and independent t test. Differences 
between categorical variables were assessed with chi-
square test. A test was considered significant if p value 
<0.05. Kaplan-Meier analysis was used to assess the di-
fferences in survival among subjects according to etio-
logy of heart failure, ischemic vs non ischemic. Univar-
iate Cox regression analysis was used to assess risk of 
cardiovascular events associated with ischemic etiology.  
All analyses  and graphs were performed using STATA 
Statistical Software (StataCorp, College Station, TX, 
USA; version 16 for macOS).

3. RESULTS
3.1 Baseline characteristics

A total of 52 were included in our study between Jan-
uary 2017 – November 2019.

The baseline characteristics of the study population 
are listed in Table 1. 

Parameters
Overall 

n=52
Ischemic

n=15
Non-ischemic

n = 37
p  value

Age (yrs) 64±13.5 69.60 ± 20.75 63.29 ± 14.22 0.12
Men (%) 55.77 80 46 0.02
BMI (kg/m2) 28±5.32 27.99 ± 4.89 27.7 ± 5.35 0.88
HTN (%) 71.43 85.71 64.71 0.1
NYHA Class (%)
                               II 27.50 9.09 34.48 0.2
                              III 37.50 54.55 31.03
                              IV 35.00 36.36 34.48
Dyslipidemia (%) 63.83 64.2 63.6 0.9
Diabetes (%) 40.82 57.14 34.29                         0.1
Smoking (%) 38.3 35.7 40.6 0.8
LBBB (%) 70.7 50 81.48 0.03
ICD (%) 63.6% 64.2% 63.3% 0.3

Table 1. Baseline characteristics of the study population and according to etiology

BMI – Body mass index; HTN – arterial hypertension; DM – diabetes mellitus; NYHA – New York Heart Academy. 
ICD -implantable cardioverter- defibrillator 
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The patients ischemic etiology of HFrEF were 
more likely to be males and with non-LBBB morphol-
ogy of the QRS on ECG. In our cohort there was no 
significant difference in use of an implantable cardio-
verter-defibrillator in addition to CRT between isch-
emic and non-ischemic group (p =0.3) 

Parameters Overall Ischemic Non-ischemic p – value

QRS (ms) 170.27 ± 3.51 170 ± 30 170.38 ± 17.31 0.961
LVEF (%) 28.94 ± 1.32 28 ± 7.52 29.34 ± 8.38 0.648
LAESV (ml) 84.35 ± 7.99 104.33 ± 47.45 79.31 ± 38.38 0.147
RAESV (ml) 49.66 ± 5.33 60.77 ± 30.89 44.11 ± 25.06 0.144
LVESV (ml) 151.89 ± 15.09 154.81 ± 93.68 150.75 ± 96.14 0.905
LVEDV (ml) 205.35 ± 16.72 208.36 ± 100.38 204.17 ± 107.77 0.915
FAC (%) 41.82 ± 3.45 32.16 ± 17.63 46.174 ± 17.75 0.029
TAPSE (mm) 21.38 ± .52 19.26 ± 3.99 22.24 ± 3.39 0.008
RV GLS (%) -12.65 ± .90 -10.7 ±  -5.16 -13.61 ±  -5.18 0.144
sPAP (mmHg) 34.82 ± 1.89 37.93 ± 16.28 33.56 ± 12.53 0.302
E/e 14±11.4   18.4±19.04 11.9±5.12 0.03

Table 2. Baseline electrocardiographic and echocardiographic characteristics

LVEF – left ventricular ejection fraction; LAESV – left atrial end-systolic volume; RAESV – right atrial end-systolic volume; LVESV 
– left ventricular end-systolic volume; LVEDV – left ventricular end-diastolic volume; volume; FAC – Fractional area change; TAPSE 
– Tricuspid annular plane systolic excursion; RV – Right ventricle; sPAP – Systolic pulmonary artery pressure. E/e - ratio between 
mitral pulsed wave E and the average between septal and lateral TDI e wave

3.2 LV parameters at baseline 

Patients with ischemic versus non-ischemic cardiomy-
opathy exhibited no significant differences regarding 
LV systolic function parameters, left atrial and ven-
tricular volumes (Table 2). However, E/e ratio, diastol-
ic dysfunction parameter, was higher is the ischemic 
group (p<0.05, table 2).  

3.3 RV systolic function at baseline 

The ischemic group presented, at baseline, a more severe 
RV dysfunction compared to the non-ischemic group. 
Before the procedure, the ischemic group showed a 
significantly decreased median TAPSE (p=0.008), RV 
FAC (p<0.05, Table 2). 
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When we analysed the evolution after one year, in 
both groups there was significant revers remodelling 
of LV with increase in LVEF, however from the RV 
parameters only TAPSE improved at one year in the 
ischemic group (from 21.38 ± .52 mm at baseline to 
22.4±4.9 at one year p 0.009). 

The number of CRT volumetric responders was 
similar between the ischemic vs non ischemic(70% re-
spectively 76%, p= 0.81). 

3.4 Survival analysis

From a total of 52 patients, 14 had events (10 hospital-
izations and 4 deaths).  In the ischemic group 58.33% 
of patients had events compared to 25% in the non 
-ischemic patients (p=0.01). 

We performed survival analysis during the fol-
low-up period (33± 12.8 months), which reports signif-
icant differences in total events between the ischemic 
and non-ischemic groups. Ischemic patients exhibited 
lower survival rates compared to the non-ischemic 
group (log rank test p<0.05), as seen in Figure 1. Us-
ing Cox regression analysis ischemic etiology reports a 
higher risk of cardiovascular hospitalizations and death 
(HR 2.4, 95% CI [0.8-8.1], p <0.05).

Heart Failure Etiology in Patients Undergoing Cardiac Resynchronization Therapy: Is It Relevant?

Table 3.  Evolution of electrocardiographic and echocardiographic parameters 1 year after CRT compared to baseline 
values (p value)

Figure 1. Kaplan Meier survival analysis according to etiology of 
left ventricular systolic dysfunction

LVEF – left ventricular ejection fraction; LV d- Left ventricle diameter, LVESV – Left ventricular end-systolic volume; LVEDV – 
Left ventricular end-diastolic volume; FAC – Fractional area change; TAPSE – Tricuspid annular plane systolic excursion

Parameters Ischemic p value Non-ischemic p-value

QRS (ms) 137.27 ± 13.48 0.002 138 ± 15.45 <0.001

LVd(mm) 64.8±12.5 0.17 61.13±10.7 0.02

LVEF (%) 37.2±15.2 0.01 37.43 ± 2.44 <0.001

LVESV (ml) 111.90 ± 104.66 0.01 111.36 ± 88.01 <0.001

LVEDV (ml) 159.72 ± 102.08 0.009 171.22 ± 103.48 0.002

TAPSE(mm) 22.4±4.9 0.009 22.8±2.8 0.2

FAC (%) 45.12 ± 21.52 0.6 45.68 ± 15.55 0.1

RV strain (%) -13.77 ± -5.67 0.09 -14.37 ± -5.09 0.07

sPAP (mmHg) 35.0 ± 13.15 0.5 32.72 ± 8.89 0.5
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4. DISCUSSION
Our study provides valuable information about the 

influence of HfrEF etiology (ischemic vs non-isch-
emic) on CRT patients outcome. The main findings 
were: 

•	Ischemic etiology is associated with non-
LBBB morphology on ECG, more severe LV dia-
stolic dysfunction at baseline.

•	Ischemic etiology was associated with a higher 
risk of adverse cardiovascular events at follow up.

•	In our cohort ischemic patients had a more 
dysfunctional RV at baseline.  

•	One year after CRT, QRS decrease, LV reverse 
remodelling were similar between the two groups.  

4.1 Importance of etiology in HF patients 
undergoing CRT 

Our data showed a predominance of men in the isch-
emic group, with no statistically significant differences 
between ischemic and non-ischemic patients regarding 
mean age, NYHA class presentation and comorbidi-
ties. Patients with ischemic cardiomyopathy present 
more frequently with a non-LBBB pattern on ECG.  
A study by Martens et al suggests that non-LBBB con-
figuration on ECG may be one of the reasons for the 
inferior results after CRT in ischemic patients4. More-
over, a meta-analysis of the main CRT trials suggest-
ed that patients with LBBB morphology exhibited a 
greater benefit on the composite endpoint of morbidity 
and mortality after CRT, compared with patients with 
non-LBBB morphology on ECG6.  

In our study, at baseline, both groups ischemic and 
non-ischemic patients have similar LV systolic dys-
function at baseline. However, ischemic patients have a 
more severe LV diastolic dysfunction. A study by Wang 
et al. also report  that patients with ischemic etiology 
of HF  had  more restrictive filling patterns than the 
non-ischemic cardiomyopathy group 7.

Many trials report that patients with ischemic car-
diomyopathy experienced less LV remodelling  after 
CRT 8 . Concerning survival rates, there are different 
results in literature , some trials report similar survival 
for ischemic and non-ischemic patients [2], and others 
found lower survival rates in case of ischemic etiology 
8,4,9. McLeod et al reported a better response after CRT 
for non-ischemic patients compared with ischemic eti-
ology and higher survival rates8. Martens et al found 
that ischemic etiology is associated with higher rate of 

mortality or HF readmission (hazard ratio 1.63; 95% 
[CI] 1.12-2.73; p= .011) 4 . 

In our cohort, at 1 year follow-up, both ischemic 
and non-ischemic patients exhibit similar LV reverse 
remodelling.  However, the ischemic etiology was as-
sociated with a higher risk of adverse cardiovascular 
events and death. Martens et al who obtained similar 
results consider that patients with an ischemic etiology 
have an intrinsically higher risk of mortality and HF 
hospitalization 4. 

Wikstrom et al. studied 813 patients included in 
CARE-HF (The Cardiac Resynchronization — Heart 
Failure) trial  and conclude that the benefits of CRT 
is similar but ischemic patients have a worse prognosis 
which may lead to a greater benefit of CRT 9. In isch-
emic patients, Bleeker et al. described that presence of 
scar tissue especially in the posterolateral LV segment 
prevents proper implantation of the LV lead, therefore 
resulting in lack of clinical and echocardiographic re-
sponse to CRT10.  Ventricular arrhythmias appear to be 
more severe in cases of ischemic etiology as compared 
with non-ischemic cardiomyopathy2 probably due to 
the presence of scar tissue. 

Despite the worse prognosis of ischemic patients, in 
out cohort there was no difference of choice between 
CRT and CRT with implantable cardioverter- de-
fibrillator support in the ischemic and non-ischemic 
group (64.2% respectively 63.3%, p =0.3).

4.2. RV systolic dysfunction and HFrEF etiology 

Multiple studies have proven that RV dysfunction is 
an independent predictor of survival in patients with 
moderate and severe HF 11. In addition, a work con-
ducted by Field et al. stated that RV dysfunction is also 
associated with a poorer prognosis in patients under-
going CRT 12. 

In our study, ischemic patients had more severe 
RV dysfunction with a significantly decreased median 
TAPSE and RV FAC. In the CARE-HF (The Car-
diac Resynchronization — Heart Failure) trial, poor 
baseline RV function was associated with less im-
provements in LV function in response to CRT and 
this trend was accounted for by the high prevalence of 
ischemic heart disease in patients with RV dysfunction 
13. Worse TAPSE and higher tricuspid regurgitation 
gradient estimated at baseline were associated with an 
adverse prognosis and the strong statistical association 
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between lower TAPSE and higher prevalence of isch-
emic etiology 14.  

Despite worse RV dysfunction, our data shows that 
ischemic CMD responded similarly to non-ischemic 
CMD after CRT, with no significant differences. An 
observation made by Tabereaux et al states that, al-
though ischemic patients with RV dysfunction may 
benefit in terms of clinical improvement after CRT, 
the presence of RV dysfunction predicts a poor overall 
prognostic 15.

5. CONCLUSION
Our data suggest that ischemic etiology of HFrEF is 
associated with a higher risk of adverse cardiovascu-
lar events in patients who received CRT.  In part, this 
may be due to the worse RV systolic dysfunction in 
these patients, since both ischemic and non-ischemic 
patients reported similar responses to CRT therapy. 
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