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Objective: Introducing angiotensin receptor neprilysin inhibitors (ARNI) 
to daily clinical practice is one of the most important advances in the 
treatment of heart failure (HF). ARNI is associated with reduced mortality 
and hospitalization in HF patients due to structural and electrical 
remodelling. In this study, we investigated the effect of sacubitril/
valsartan on the frontal QRS-T angle (f-QRS/Ta), which reflects abnormal 
ventricular repolarization, in patients with HF with reduced ejection 
fraction (HFrEF).

Method: The difference of f-QRS/Ta obtained from surface 
electrocardiograms (ECG) in patients with HF and systolic disfunction 
(EF ≤40%) before and after initiating ARNI treatment was evaluated 
retrospectively. Demographic, clinic and ECG characteristics of patients 
collected from hospital data and compared at one year follow-up.

Results: A total of 45 patients were enrolled in this study of whom 15 were 
female (33.3%). The mean NYHA class of the study population was class 
2, and the mean left ventricle EF was 30%. ARNI treatment significantly 
reduced the QRS duration and f-QRS/Ta compared to the baseline ECG 
parameters. The mean QRS duration decreased from 106.9±10.3 msto 
105±9.8 ms at 12 months follow-up, while the baseline f-QRS/Ta of 
72.3±12° reduced to 67.4±12.6° after treatment and respectively p-values 
0.008 and<0.001 were detected.

Conclusion: Our study has shown that in HFrEF patients, sacubitril/
valsartan treatment led to a significant decrease in QRS duration and 
f-QRS/Ta values.
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Amaç: Anjiyotensin reseptör neprisilin inhibitörlerinin (ARNI) günlük 
klinik uygulamaya dahil edilmesi, kalp yetmezliği (KY) tedavisinde yapısal 
ve elektriksel yeniden şekillenme yoluyla mortaliteyi ve hastaneye yatışları 
azaltması nedeniyle en önemli gelişmelerden biridir. Bu çalışmada, 
sacubitril/valsartanın azalmış ejeksiyon fraksiyonlu KY (HFrEF) olan 
hastalarda anormal ventriküler repolarizasyonu yansıtan frontal QRS-T 
açısı (f-QRS/Ta) üzerindeki etkisi araştırıldı.

Yöntem: Azalmış ejeksiyon fraksiyonlu KY olan hastalarda yüzey 
elektrokardiyogramlarından (EKG) elde edilen f-QRS/Ta farkı, ARNI 
tedavisinin başlatılmasından önce ve sonra retrospektif olarak 
değerlendirildi. Demografik, klinik ve EKG özellikler hastane verilerinden 
toplandı ve bir yıllık takipte karşılaştırıldı.

Bulgular: Çalışmaya toplam 45 hasta dahil edildi ve bunların 15’i kadın 
(%33,3) idi. Çalışma popülasyonunun ortalama NYHA sınıfı 2, sol 
ventrikül ejeksiyon fraksiyonu (EF) ise %30’du. ARNI tedavisi, QRS süresi 
ve f-QRS/Ta değerlerinde başlangıç EKG parametrelere kıyasla anlamlı 
bir azalmaya neden oldu. Ortalama QRS süresi, başlangıçta 106,9±10,3 
ms’den 12 aylık takipte 105±9,8 ms’ye düştü. Başlangıç f-QRS/Ta değeri 
ise 72,3±12° iken tedavi sonrası 67,4±12,6°’ye düştü ve sırasıyla p-değerleri 
0,008 ve <0,001 olarak tespit edildi.

Sonuç: Çalışmamız, HFrEF hastalarında sacubitril/valsartan tedavisinin 
QRS süresi ve f-QRS/Ta değerlerinde anlamlı bir azalmaya yol açtığını 
göstermiştir.
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Introduction
Heart failure (HF) is a complex clinical syndrome that 
affects more than 64 million people worldwide (1). Long-
term mortality rate remains over 50% despite contemporary 
advancements in treatment. In recent years, one of the 
most significant developments in HF treatment has been 
the demonstration of the favorable effects of angiotensin 
receptor neprilysin inhibitors (ARNI) on mortality 
and hospitalization (1,2). Therefore, in the current HF 
treatment guidelines of the European Society of Cardiology, 
ARNI is recommended as a first line treatmentoption (3). 
Sacubitril/valsartan (Sac/Val) is thecurrent ARNI used in 
HF treatment which consists valsartan, an angiotensin 
receptor blocker, and sacubitril, a molecule that inhibits 
the enzyme neprilysin, responsible for the degradation 
of endogenous vasoactive peptides like natriuretic 
peptides and bradykinin. In the prospective comparison 
of ARNI with angiotensin-converting enzyme inhibitor 
to determine impact on global mortality and morbidity 
in HF trial (PARADIGM-HF) study, it was observed that 
Sac/Val significantly reduced all-cause mortality, HF-
related hospitalizations and cardiovascular mortality 
rates compared to enalapril. These results highlight the 
superiority of Sac/Val over traditional ACE inhibitors in 
improving outcomes in HF patients (2). The positive effect 
of Sac/Val on HF is classically attributed to the blockade of 
the renin-angiotensin-aldosterone system (RAAS) and the 
inhibition of natriuretic peptide breakdown, resulting in a 
reduction of myocyte injury, inflammation and fibrosis (4).

Electrocardiographic (ECG) changes are quite commonly 
encountered in patients with HF. These changes include 
conduction abnormalities, T-wave abnormalities, 
prolongation of QRS duration and QT interval, pathological 
Q waves, atrial fibrillation, and changes in the QRS-T angle 
(5,6). There is a significant association between a wide 
QRS-T angle, which is one of the markers of abnormal 
ventricular repolarization, and HF. It has been shown that 
a wide QRS-T angle increases the risk of developing HF 
by approximately threefold (7). Additionally, there is a 
significant association between a wide QRS-T angle and 
mortality. A wider QRS-T angle has also been linked to an 
increased risk of mortality in patients, particularly in those 
with HF (7,8).

Beyond its neurohormonal properities, the Sac/
Val combination has also been observed to have 
electrophysiological effects, such as reduction in heart rate, 
QRS duration, and QTc interval as demonstrated in various 
studies. These electrophysiological effects may contribute 

to the overall improvement in ventricular function in HF 
patients (9,10). In this study, the effect of Sac/Val treatment 
on thefrontal QRS-T angle (f-QRS/Ta) changeswhichare 
known to be related with unfavourable eventsin patients 
HF with reduced ejection fraction (HFrEF) at long term 
follow-up was investigated.

Materials and Methods
Study Population
This study was designed retrospectively to evaluate 
patients with HF and a left ventricular ejection fraction 
(LVEF) ≤40% who were treated with ARNI and admitted to 
our cardiology outpatient clinic between January 2021 and 
February 2022. Patients with HFrEF older than 18 years and 
in New York Heart Association (NYHA) functional class 1-3, 
who were receiving guideline-directed medical therapy, 
were included in the study. Patients with NYHA functional 
class 4, chronic renal failure (GFR<60 mL/min/1.73 m²), 
atrial fibrillation, permanent pacemaker, left or right 
bundle branch block, or end-stage oncology were excluded 
from the study. Additionally, those unable to tolerate ARNI 
treatment or with difficulties in interpreting ECG were also 
excluded. The study was conducted in accordance with the 
ethical rules stated in the Declaration of Helsinki and the 
study protocols were approved by the Memorial Ataşehir 
Hospital Ethics Committee (decision no: 2024/15 date: 
16.01.2025). Informed consent for this study was waived 
as it was a retrospective analysis. Informed consent for this 
study was waived because it was a retrospective analysis.

Data Collection
The baseline characteristics and laboratory data of all 
patients were obtained through retrospective screening of 
the hospital information system. The 12-lead surface ECGs 
were taken in the supine position at a paper speed of 25 
mm/s, and recordings were obtained from patient files and 
were independently evaluated by two different cardiologists 
blinded to patients’ data. All ECG records were scanned 
into electronic format using Adobe Photoshop (Adobe 
Inc., San Jose, CA, USA) and magnified by 400% to reduce 
errors. The P wave duration, PR interval, QRS duration, 
and QT duration on the ECG were measured using a digital 
millisecond timer. QTc was obtained by correction of QT 
duration for heart rate using the Bazett’s formula (11). 
The f-QRS/Ta was determined as the absolute difference 
between the frontal QRS and T-wave axes, which were 
automatically derived from the ECG machine [Schiller, 
Cardiovit AT-102 G2 Switzerland)] as demonstrated in 
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Figure 1. The f-QRS/Ta values greater than 180° were 
subtracted from 360°. LVEF obtained by modified Simpson 
method using a Philips EPIQ 7 device (Philips Healthcare, 
Andover, USA) and a 2.5 MHz probe. 

Statistical Analysis
Categorical data were expressed as frequencies and 
percentages and analyzed with Pearson’s chi-square 
test, while continuous data were presented as mean ± 
standard deviation and analyzed with the Student’s t-test. 
The Kolmogorov-Smirnov test was employed for variables 
with normal distribution. NT-proBNP levels, New York 
Heart Association functional class, and ECG indices (heart 
rate, QRS complex, QTc interval, T wave angle, QRS angle, 
f-QRS/Ta) were recorded both before and after ARNI 
treatment. A p-value of less than 0.05 was considered 
statistically significant. Statistical analyses and calculations 
were carried out using SPSS software, version 22.0 (SPSS 
Inc., Chicago, IL, USA).

Results
A total of 63 patients with HFrEF who presented to the 
cardiologyoutpatient clinic were initially considered for the 
study. Following the application of the exclusion criteria, 
18 patients were excluded, and 45 patients wererecruited 
in thisstudy. 71.1% of the patients (n=32) had an ischemic 
etiology. The mean NYHA class of the study population 
wasclass 2 and the meanleftventricle ejection fraction was 
30%. The maximum tolerable ARNI doses for the patients 
were as follows: 8 patients (17.8%) received 100 mg/day, 
16 patients (35.6%) received 200 mg/day, and 21 patients 
(46.7%) received 400 mg/day. Baseline characteristics, 
clinical, laboratory and echocardiographic variables are 
listed in Table 1.

After 12 months of treatment with the maximum tolerable 
dose of ARNI, the ECG parameters were reassessed during 
the follow-up visit. Significant reduction was observed 
in the QRS duration and f-QRS/Ta compared to the ECG 
parameters obtained at the beginning of the treatment. 

Figure 1. Example of f(QRS-T) angle calculation
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The mean QRS duration decreased from 106.9±10.3 
milliseconds to 105±9.8 milliseconds (p=0.008). Similarly, 
the baseline f-QRS/Ta of 72.3±12° was reduced to 67.4±12.6° 

after treatment, with p-values <0.001. Changes in ECG 
parameters observed during the treatment process are 
shown in Table 2.

Discussion
The main finding of our study was the significant decrease 
in the QRS duration and f-QRS/Ta compared to baseline 
ECG after treatment with ARNI in patients with HFrEF on 
long-term follow-up.

HF is a major public health concern with a long-term 
mortality rate exceeding 50% (1). Therefore, knowing the 
predictors of mortality and identifying high-risk patient 
groups are crucial for the management of HF. The f-QRS/Ta 
is a parameter that can be easily obtained from a standard 
ECG and represents an approximate value of the spatial 
angles of ventricular depolarization and repolarization. 
An increase in the angle indicates a greater heterogeneity 
of ventricular depolarization and repolarization. There 
is a significant relationship between the f-QRS/Ta and 
mortality in patients with HF. Scientific evidence indicates 
that a wide f-QRS/T has been identified to be a predictor of 
mortality in these patients (5,8,12).

The relationship between repolarization heterogeneity 
and malignant ventricular arrhythmia has been shown in 
human in vivo studies (13,14). Moreover, Ilkhanoff et al. 
(15) demonstratedthatthere is a significant association 
between interstitial fibrosis detected by cardiac magnetic 
resonance and an abnormal QRS/T angle (odds ratio 
3.05, 95% confidence interval, 1.69-5.48). In our study, the 
reduction observed in the f-QRS/Ta with Sac/Val therapy 
may have been a result of the reverse remodeling effect 
of ARNI treatment, as demonstrated in prospective study 
of biomarkers, symptom improvement, and ventricular 
remodeling during Sac/Val therapy for HF (PROVE-HF) 
study (16). The reduction in fibrosis burden due to reverse 
remodeling, along with the decrease in repolarization 

Table 1. Demographic, clinical, laboratory and 
echocardiographic features 
Variables	 (n=45)

Demographic parameters

Age, years 56.64±5.04

BMI, kg/m2 27.70±1.01

Female, n (%) 15 (33.3)

Hypertension, n (%) 16 (35.6)

Diabetes mellitus, n (%) 14 (34.1)

Smoking, n (%) 15 (33.3)

COPD, n (%) 9 (20)

Dyslipidemia, n (%) 13 (28.9)

Cerebrovascular disease, n (%) 4 (8.9)

Ischeamic etiology, n (%) 32 (71.1)

NHYA functional class 2.00±0.71

Laboratory parameters

CRP mg/dL 4.04±2.03

Uric aside mg/dL 4.96±1.83

Albumin g/L 35.36±3.01

Sodium mEq/L 137.78±4.13

Potassium mEq/L 3.88±0.36

Haemoglobin g/dL 12.64±1.21

Glucose mg/dL 102.62±36.70

Glomerular filtration rate mL/dk/1.73 m² 85.20±8.19

Medications

Beta-blocker therapy, n (%) 38 (84.4)

Thiazide diuretics, n (%) 14 (31.1)

Mineralocorticoid receptor antagonists, n (%) 33 (73.3)

Ivabradine, n (%) 12 (26.7)

Digoxin, n (%) 7 (15.6)

ARNI 100 mg, n (%) 8 (17.8)

ARNI 200 mg, n (%) 16 (35.6)

ARNI 400 mg, n (%) 21 (46.7)

Furosemide mg 33.29±10.23

Echocardiographic parameters

LVH, n (%) 6 (13.3)

Severe mitral regurgitation, n (%) 3 (6.7)

Severe tricuspid regurgitation, n (%) 4 (8.9)

Severe aortic stenosis, n (%) 1 (2.2)

Atrial dilatation, n (%) 7 (15.6)

RV dysfunction, n (%) 7 (15.6)

LV ejection fraction % 30.26±3.91

ARNI: Angiotensin receptor neprilysin inhibitors, BMI: Body mass index, COPD: 
Chronic obstructive pulmonary disease, CRP: C-reactive protein, LV: Left 
ventricule, LVH: Left ventricular hypertrophy, RV: Right ventricule

Table 2. Comparison of ECG parameters and NT-proBNP
Parameters Before therapy Follow-up p-value

NT-proBNP, pg/mL 2765.29±1035.15 2652.33±1334.45 0.551

Heart rate, bpm 70.82±10.4 68.69±9.38 0.011

QRS, msn 106.96±10.37 105.09±9.81 0.008

QTc 379.47±25.72 382.71±20.58 0.173

QRS-angle 58.64±37.11 58.00±30.35 0.614

T-angle -13.47±40.71 -7.78±34.07 0.020

f-QRS/T angle 72.33±12.09 67.44±12.67 <0.001
BNP: Brain natriuretic peptide, ECG: Electrocardiogram
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heterogeneity, is consistent with the reduction in the 
f-QRS/Ta. In a rabbit model of ischemic HF, it has been 
shown that ARNI treatment can reduce ventricular 
arrhythmias due to its effects on negative electrical and 
structural remodeling, as well as its anti-inflammatory 
properties (17). Additionally, the QRS/T angle is an 
important parameter that can be used not only in patients 
with HF but also for various clinical conditions such as acute 
myocarditis, myocardial infarction, or acute pulmonary 
embolism (18-21).

There are compelling evidences about relationship 
between the duration of the QRS complex and HF. The 
Framingham heart study has shown that, in patients 
without a history of HF, a prolonged QRS duration increases 
the risk of developing HF. Left ventricular intraventricular 
conduction delay, which is consequently prolonged QRS 
duration, are associated with more advanced myocardial 
damage and poorer prognosis compared to a narrow QRS 
complex (22,23). Studies on the effect of Sac/Val treatment 
on QRS duration in HF patients have shown that after 
Sac/Val therapy, there is a reduction in QRS duration, a 
decline in left ventricular systolic and diastolic diameters, 
improvement in ejection fraction, and enhancement 
in global longitudinal strain, reflecting improvements 
electrophysiological and mechanical parameters (24,25).
These results, which can primarily be explained by reverse 
cardiac remodeling, are consistent with the improvements 
observed in left ventricular mechanical parameters in 
the PROVE-HF study (16). The results of our study also 
show a statistically significant reduction in QRS duration, 
compared to baseline after treatment in HF patients treated 
with ARNI, which is consistent with this scientific evidence.

Study Limitations
Our study had several limitations. Firstly, a relatively 
significant limitation was the small sample size of the 
study. Secondly, our study was designed as a retrospective 
study. Thirdly, our study was a single-center study. Finally, 
we had ECG records both before ARNI treatment and after 
one year of the follow-up period and were not able to 
evaluate the temporal changes of f-QRS/Ta values. Due to 
these restrictions, our study may need to be validated with 
comprehensive studies.

Conclusion
In conclusion, our study has shown that in HFrEF patients, 
Sac/Val treatment led to a significant decrease in QRS 
duration and f-QRS/Ta values. This effect suggests that Sac/

Val treatment may have a significant role in the favorable 
clinical outcomes of HFrEF through its impact on electrical 
and structural remodeling.
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