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Abstract 

Background: Ventricular arrhythmias cause a significant proportion of sudden deaths. Several studies demonstrate 
a high prevalence of ventricular arrhythmias in patients with heart failure regardless of the etiology. The aim of this 
study was to determine the prevalence of silent ventricular arrhythmias in ambulatory heart failure patients with 
reduced left ventricular ejection fraction (HFrEF) and its correlation to the prognosis.

Results: Four hundred (400) ambulatory HFrEF patients on maximum tolerated doses of heart failure medications 
were included. Holter monitoring for 7 days was done in all patients searching for silent ventricular arrhythmias. The 
patients were followed‑up for one year to detect the occurrence of major adverse cardiovascular events. We divided 
the study population into 2 groups based on an LVEF cutoff value of 30% (Group A < 30%, Group B ≥ 30%). Holter 
monitoring revealed ventricular arrhythmias in 304 patients. Patients with left ventricular ejection fraction (EF) < 30% 
(Group A) had more complex ventricular arrhythmias in the form of frequent Premature ventricular contractions 
(PVCs) of ≥ 5% and or non‑sustained ventricular tachycardia (NSVT) runs. Furthermore, Among Group A, more major 
cardiovascular events were observed. Multivariate regression analysis showed that frequent PVCs and severely 
reduced LVEF were the strongest independent predictors of major cardiovascular events.

Conclusions: ventricular arrhythmias are common in HFrEF patients even in the compensated status. Both, left 
ventricular systolic function and the PVCs burden were found to be the strongest predictors of major adverse cardio‑
vascular events.
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Background
Heart failure is a clinical syndrome characterized by 
typical symptoms (fatigue and shortness of breath) that 
could be associated by clinical signs of systemic or pul-
monary venous congestion or both. This is caused by 
cardiac structural and/or functional abnormality. HF has 
been divided into three phenotypes based on the of left 
ventricular ejection fraction (LVEF); heart failure with 

reduced ejection fraction (HFrEF) with the EF ≤ 40%, 
heart failure with mildly reduced ejection fraction (HFm-
rEF) where the EF is from 41–49% and heart failure with 
preserved ejection fraction (HFpEF), with the EF ≥ 50% 
[1].

Premature ventricular complexes (PVCs) are the most 
common ventricular arrhythmias. Their impact on the 
patient’s prognosis depends on the presence of car-
diac structural and/or functional abnormalities. In the 
absence of an underlying structural heart disease, PVCs 
are regarded as a benign phenomenon [2].
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Several studies have reported that frequent PVCs could 
be a trigger for ventricular tachycardia (VT), ventricular 
fibrillation (VF) and sudden cardiac death (SCD). More-
over, frequent PVCs have been found to cause not only 
symptoms like palpitations, chest discomfort, and syn-
cope but also contribute to adverse cardiac remodeling 
and the risk of developing new onset or worsening of 
heart failure (HF) [3, 4].

Several recent therapeutic approaches, whether phar-
macological or device-based, have been introduced into 
clinical practice to improve the clinical outcome of HF 
patients. However, the high rate of re‐hospitalization and 
high cardiac mortality are still serious issues [5].

Based on data from a number of studies, almost 80% 
of patients with reduced left ventricular systolic func-
tion have frequent ventricular premature contractions 
(PVCs), whereas > 40% have runs of non-sustained ven-
tricular tachycardia (NSVT) [6]. Sustained ventricular 
tachycardia, frequent PVCs or NSVT were found to be 
predictors of total mortality and morbidity in a number 
of studies. These arrhythmias are especially common in 
those with ischemic etiology and those with a lower left 
ventricular ejection fraction (LVEF) [7, 8].

The aim of the present study was to determine the 
prevalence of silent ventricular arrhythmias on one-week 
ambulatory ECG monitoring in clinically compensated 
outpatient heart failure patients with reduced ejection 
fraction (HFrEF) and its impact on the prognosis (death, 
HF hospitalization and sustained VT).

Methods
Study population
The study included 400 compensated heart failure 
patients with reduced ejection fraction (EF 25–40%) who 
follow regularly at the outpatient heart failure clinic of 
Alexandria Main University Hospital and receiving the 
maximal tolerated doses of beta-blockers, angiotensin 
converting enzyme inhibitors/Angiotensin II receptor 
blockers (ACEI/ARBs) and mineralocorticoid receptor 
antagonists (MRA).

Due to financial constraints, no patients were taking 
angiotensin receptor-neprilysin inhibitors (ARNI).

All participants were informed about the study and 
signed a written consent regarding this study. This 
study complied with the declaration of Helsinki and 
was reviewed and approved by the Ethical committee of 
the Faculty of Medicine, Alexandria University (Review 
report serial number 0302694). The diagnosis of HF was 
determined according to the current HF guidelines [1].

We excluded the following patients
Patients older than 70  years, more than mild anemia 
(< 11 g/dl), evidence of sustained or non-sustained VT on 

surface ECG, prior cardiac arrest, active metabolic abnor-
malities (severe renal impairment with eGFR ≤ 30  ml/
min/1.73   m2, abnormal TSH, electrolyte disturbances), 
current active ischemia (ongoing chest pain, new ECG 
changes), those with cardiac resynchronization therapy 
(CRT) implantation or treated with class III antiarrhyth-
mic drugs.

Methods
The baseline visit included full clinical assessment, 12 
lead resting ECG, routine lab investigations followed by 
one week ambulatory Holter monitoring (3 Channel 5 
Lead Mortara H3+, Preventice Solutions, Inc.), to detect 
silent ventricular arrhythmias (analyzed by 2 electro-
physiologists). During Holter monitoring, patients were 
instructed to do their usual daily activities.

Clinical follow up (including 12 lead resting ECG) was 
performed at 1, 3, 6 and 12 months intervals. Occurrence 
of any of the major adverse cardiovascular events (death, 
HF hospitalization or sustained VT) was recorded.

Statistical analysis
Data were fed to the computer and analyzed using IBM 
SPSS software package version 20.0. (Armonk, NY: IBM 
Corp). Qualitative data were described using number and 
percent. Quantitative data were described using range 
(minimum and maximum), mean, standard deviation, 
median and interquartile range (IQR). Significance of the 
obtained results was judged at the 5% level.

Results
Patients included in this study were predominantly males 
(93%) with only 7% were females. Their age ranged from 
40 to 69 years. The LV ejection fraction ranged from 25 to 
40% with mean value of 32.33 ± 4.88. Forty eight percent 
of the patients had severely reduced LV systolic function 
with EF < 30% (Group A).

ECG parameters
The heart rate ranged from 55 to 100 bpm (mean heart 
rate was 78  bpm), the PR interval ranged from 120 to 
240  ms with 36 patients (9%) suffered from first degree 
heart block, 79 patients (19%) had left bundle branch 
block (LBBB) and 32 patients (8%) had right bundle 
branch block (RBBB).

Coronary angiography
Was done in all study patients (as a part of the study pro-
tocol) to rule out the presence of significant coronary 
artery disease, 328 patients (82%) had CAD whether sin-
gle or multivessel disease.
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2D echocardiography
LV systolic function was measured by Simpson-based 
assessment of LVEF. It was observed that 48% of the 
patients had severely reduced LV systolic function 
of < 30% (Group A) and the remaining 52% of the patients 
had an ejection fraction which ranged from 30 to 39% 
(Group B).

Holter monitoring (Table 1)

• Heart rate ranged from 54 to 120 bpm.
• Supraventricular premature contractions were seen 

in 144 (36%) patients, 40 (10%) patients had short 
runs of supraventricular tachycardia (SVT) with 
heart rate reaching up to 170 followed by spontane-
ous termination.

• PVCs were recorded in 304 (76%) patients, 108 (27%) 
patients had infrequent PVCs. 196 (49%) patients had 
frequent PVCs. All PVCs were monomorphic with 
no sustained VT recorded on Holter monitoring.

• No episodes of paroxysmal AF were recorded in any 
of the study patients.

Distribution of PVC burden in both cardiomyopathy 
groups (Table 2)
Ischemic cardiomyopathy (ICM) group including 236 
patients: infrequent PVCs were detected in 84 patients 
(35.6%) while frequent PVCs were detected in 152 
patients (64.4%).

Non-ischemic cardiomyopathy (NICM) group includ-
ing 68 patients: infrequent PVCs were detected in 24 
patients (35.3%) while 44 patients (64.7%) had frequent 
PVCs.

During the follow up period (12  months), major car-
diovascular events were encountered in 272 patients 
(68%), among which 44 patients (11%) died, 188 patients 
(47%) suffered from worsening of heart failure symp-
toms requiring hospitalization and 40 patients (10%) 

experienced sustained VT with hospital admission. 
(Table 3 and Fig. 1).

Table 4 shows the prevalence of PVCs based on sever-
ity LV dysfunction in our patient population.

Incidence of major cardiovascular events 
in both cardiomyopathy groups
In ICM group, 40 patients (18.5%) died, 152 patients 
(70.4%) suffered from worsening of heart failure symp-
toms with hospital admission while 24 patients (11.1%) 
experienced sustained ventricular tachycardia with hos-
pital admission.

Among the NICM group, 4 patients died (7.1%) while 
36 patients (64.3%) had decompensated heart failure 
which required hospitalization and 16 patients (28.6%) 
experienced sustained ventricular tachycardia.

There was a statistically significant higher incidence 
of major cardiovascular events in group A (those with 
LV ejection fraction of < 30%) (P value < 0.001). (Table  5 
and Fig.  2). There was also a statistically significant 
higher incidence of major cardiovascular events in those 
with high PVC burden in 1  week-Holter monitoring (P 
value < 0.001). (Table 6).

Multivariate regression analysis of patient characteris-
tics that affect occurrence of major cardiovascular events 
showed that frequent PVCs (≥ 5% or NSVT) and severely 
reduced LVEF (< 30%) are the strongest independent fac-
tors that affect major cardiovascular events (Fig.  3 and 
Table 7).

Table 1 Shows the distribution of the studied cases according 
to 1‑week Holter data

bpm: beats per minute, SVT: supraventricular tachycardia, PVCs: premature 
ventricular contractions

Heart rate (bpm) 54–120 (72 ± 10)

Supraventricular ectopics 144 patients

SVT 40 patients

PVCs

Infrequent < 5% 108 patients

Frequent ≥ 5% 196 patients

Table 2 Shows the distribution of premature ventricular 
contraction burden in both cardiomyopathy groups

PVCs: premature ventricular contractions

Cardiomyopathy

Ischemic (n 236) Non-ischemic 
(n 68)

No. % No. %

Infrequent PVCs (< 5%) 84 35.6 24 35.3

Frequent (≥ 5%) 152 64.4 44 64.7

Table 3 Distribution of the studied cases according to 
occurrence of major cardiovascular events (n = 400)

CV: cardiovascular

Major cardiovascular events No. %

No CV events 128 32.0

CV events 272 68.0

Death 44 11.0

Heart failure hospitalization 188 47.0

Sustained ventricular arrhythmia 40 10.0
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Discussion
Ventricular arrhythmias are common in patients with 
advanced heart failure, with a prevalence of up to 33% 
in chronic ambulatory patients and it predict increased 
mortality from HF [9]. pre-operative ventricular arrhyth-
mias were noted in Up to 45% in patients supported with 
a left ventricular assist device (LVAD) [10].

The aim of the current study was to determine the 
prevalence of silent VAs in ambulatory clinically stable 
HFrEF patients and its correlation to the outcome (death, 
HF hospitalization and sustained VT).

This study revealed that PVCs were detected dur-
ing ambulatory ECG monitoring in 304 patients (76%), 
among which, 108 patients (27%) had infrequent PVCs 
(less than 5% of the total beats) and 196 patients (49%) 
had frequent PVCs (5% or more of the total beats). 
Among the frequent PVCs group, 94 patients (47.95%) 

Fig. 1 Distribution of the studied cases according to occurrence of major cardiovascular events (n = 400)

Table 4 Prevalence of premature ventricular contractions 
on Holter monitor based on the severity of left ventricular 
dysfunction (n = 304)

PVC: premature ventricular contractions, LVEF: left ventricular ejection fraction

LVEF PVC burden for 1 week Hotler

Infrequent (< 5%)
(n = 108)

Frequent (≥ 5% or 
NSVT)
(n = 196)

No % No %

Severely reduced 
LVEF < 30 (Group A)

56 51.9 112 57.1

Reduced LVEF ≥ 30 
(Group B)

52 48.1 84 42.9

Table 5 Shows the association between left ventricular ejection fraction and occurrence of major cardiovascular events

χ2: Chi square test, P: P value for association between different categories, OR: Odds ratio, ®: reference group, CI: Confidence interval, LL: Lower limit, UL: Upper Limit, 
LVEF: left ventricular ejection fraction, CV: cardiovascular

*Statistically significant at P ≤ 0.05

LVEF χ2 P OR CI. 95%
(LL–UL)

Group A < 30
(n = 192)

Group B ≥ 30
(n = 208)

No CV events® 24 104 – 1.000 – –

Death 28 16 4.843* 0.028* 0.132* 0.062–0.281

Heart failure hospitalization 112 76 19.039* < 0.001* 0.157* 0.092–0.266

Sustained ventricular arrhythmia 28 12 8.618* 0.003* 0.099* 0.044–0.222

Total CV events 168 104 64.522* < 0.001* 4.333* 0.086–0.237
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had a single or multiple runs of NSVT. Sustained VT was 
not recorded in any of the studied patients during the 
ambulatory ECG monitoring period.

Regarding the relation of PVC frequency and the 
underlying substrate, we observed that among the ICM 
group (the great majority of our study patients), infre-
quent PVCs were detected in 84 patients (35.6%) while 
frequent PVCs in 152 patients (64.4%). Among the NICM 
group, infrequent PVCs were observed in 24 patients 
(35.3%), while 44 patients (64.7%) had frequent PVCs. 
PVCs were common finding in HFrEF patients regardless 
the etiology.

Podrid et al. [11] conducted a systematic review which 
included 13 studies. The overall number of patients 
included were 1322 patients. The authors showed that 
PVCs are particularly frequent in those who had CHF 
regardless the etiology (i.e., ischemic vs non-ischemic 
causes). Almost 80% of CHF patients had frequent PVCs 
whereas more than 40% had runs of NSVT.

In our study, we observed that in patients (Group A) 
with severely reduced LV systolic function (EF < 30%), 
frequent PVCs were detected in 28 patients (57.1%). 
While among patients with LVEF ≥ 30% (Group B), fre-
quent PVCs were detected in 21 patients (42.9%).

Fig. 2 Incidence of major adverse cardiovascular events according to severity of left ventricular dysfunction

Table 6 Shows the association between premature ventricular contractions burden on Holter monitoring and occurrence of major 
cardiovascular events

χ2: Chi square test, P: P value, OR: Odds ratio, ®: reference group CI: Confidence interval, LL: Lower limit, UL: Upper Limit, PVCs: premature ventricular contractions, CV: 
cardiovascular

*Statistically significant

PVC burden χ2 P OR CI. 95%
(LL–UL)

Infrequent®
(n = 108)

Frequent
(n = 196)

No CV events ® 48 32 – 1.000 1.000 –

Death 12 28 0.614 0.002* 3.500* 1.55–7.87

Heart failure hospitalization 40 104 7.172* 0.007* 3.900* 2.19–6.94

Sustained ventricular arrhythmia 8 32 4.848* 0.028* 6.000* 2.45–14.67

Total CV events 60 164 28.391* < 0.001* 0.667* 2.39–7.009
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Boas et  al. [12], examined both the prevalence and 
prognostic significance of ventricular arrhythmias in 
850 non-ischemic systolic HF patients with LVEF ≤ 35% 
and elevated natriuretic peptides. They performed a 
24-h Holter monitor for all patients looking for NSVT, 
low PVCs burden (< 30 per hour) and high PVCs bur-
den (≥ 30 per hour). In total, 193 patients died, 49 from 
sudden cardiac death (SCD) and 125 from cardiovascu-
lar death (CVD). NSVT, observed in 365 patients, was 
significantly associated with increased all-cause mortal-
ity. High PVC burden, found in 352 patients, was asso-
ciated with increased all-cause mortality. There was no 
statistically significant association with SCD for neither 
NSVT nor PVC. In interaction analyses, neither NSVT 
(P = 0.56) nor high burden of PVC (P = 0.97) was associ-
ated with survival benefit from ICD implantation.

Our study showed a statistically significant associa-
tion between the occurrence of major cardiovascular 
events (total mortality, hospitalization by HF and sus-
tained VT) and the PVCs burden on Holter monitoring 
(P value = 0.008).

Saito [13] et  al. examined the factors that predict ven-
tricular arrhythmias (VAs) in the late phase (≥ 7  days) 

after acute myocardial infarction (AMI). They included 
136 consecutive patients with an LVEF of ≤ 40% after AMI. 
The average LVEF at admission was 32.7 ± 8.2%. During a 
mean follow-up period of 20.7 months, 14 patients (10%) 
experienced lethal VAs, including VF (n = 8) and sustained 
VT (n = 10). Both age and the admission LVEF predicted 
lethal VAs on univariate analyses. Receiver operating char-
acteristic curve analysis showed a LVEF cut-off value of 
23% predicted the primary endpoint (area under the curve: 
0.77, P < 0.0001). Furthermore, LVEF at admission indepen-
dently predicted the primary endpoint (risk ratio = 7.12, 
P = 0.001) on multivariable analysis.

In contrast, other studies had reported no such relation 
between VAs and SCD. In one report involving 77 patients 
with CHF, the presence of NSVT on ambulatory monitor-
ing was more common in those with the greatest degree 
of LV dysfunction and symptomatic CHF [14]. However, 
NSVT was not independently associated with SCD.

Teerlink et al. [15] examined the independent predictive 
value of VAs for SCD and all-cause mortality in PROM-
ISE (Prospective Randomized Milrinone Survival Evalu-
ation) trial. They included 1080 patients (NYHA class III/
IV) and the LVEF < 35%. VAs were analyzed and quantified 
by the use of a baseline ambulatory ECGs. The frequency 
of NSVT was the most powerful predictor and remained 
a significant independent predictor when included with 
other clinical variables in the multivariate models of both 
sudden death mortality and non–sudden death mortality.

Lip et al. had published an interesting paper on arrhyth-
mias in HF. They reported that VAs were frequently seen 
as the cause of sudden death or resuscitated sudden death 
in CHF. Indeed, 50% of all deaths in advanced CHF were 
sudden and the assumption had been that a significant pro-
portion of these were due to VT/VF. As the severity of CHF 
increases, the percentage of deaths described as sudden 
decreases although the absolute risk of VAs and sudden 
death probably continues to increase [16].

In the current study, a multivariate analysis included the 
following variables (Age, PR interval, QRS duration, bun-
dle branch pattern, LVEF and PVC burden), revealed that 
LVEF and the PVCS burden were independent predictors 
of major adverse cardiovascular events (death, HF hospi-
talization and sustained VT).

We strongly believe that a lot of research is still needed 
to understand the predictors of prognosis in heart failure 
(HF) patients, especially the compensated clinically stable 

Fig. 3 ROC curve for left ventricular ejection fraction to predict total 
cardiovascular events (n = 400)

Table 7 Agreement (sensitivity, specificity) for left ventricular ejection fraction to predict total cardiovascular events (n = 400)

AUC: area under a curve, P value: probability value, CI: confidence intervals, NPV: negative predictive value, PPV: positive predictive value

*Statistically significant at P ≤ 0.05

AUC P 95% C.I Cut off Sensitivity Specificity PPV NPV

LVEF 0.749* < 0.001* 0.652–0.830 ≤ 30 61.76 81.25 87.5 50.0
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patients, and to better stratify them in order to improve 
the high morbidity and mortality rates. Our study high-
lighted the importance of through assessment of such a 
cohort of asymptomatic HFrEF patients searching for silent 
arrhythmias.

Limitations
The number of patients enrolled in this study represented a 
limitation together with the predominance of the male gen-
der and the relatively short follow-up duration.

Conclusions
Among heart failure patients with reduced ejection frac-
tion, ventricular arrhythmias are common. Both LV sys-
tolic function and the burden of PVCs are regarded as 
the strongest predictors of major adverse cardiovascular 
events.
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