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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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EFFICACY OF PERINDOPRIL IN PATIENTS WITH HEART FAILURE AND REDUCED 
EJECTION FRACTION (HFREF)

Natia Nazghaidze, Rusudan Agladze, Zviad Kereselidze, Nika Kuridze, Sophio Ungiadze, Shalva Petriashvili.
Cardiology Division, Caucasus Medical Centre, Georgia.

Abstract.
Background / Introduction

Heart failure with reduced ejection fraction (HFrEF) represents 
a major global health burden, accounting for approximately half 
of all heart failure cases and characterized by high mortality, 
frequent hospitalizations, and progressive cardiac remodeling. 
Angiotensin-converting enzyme (ACE) inhibitors constitute 
a foundational cornerstone in the therapeutic management of 
HFrEF. Perindopril is a long-acting ACE inhibitor with a highly 
favorable safety profile; however, robust clinical data evaluating 
its specific efficacy in HFrEF cohorts remain scarce.
Aims

To evaluate the therapeutic efficacy, reverse cardiac remodeling, 
and clinical outcomes of perindopril versus sacubitril/valsartan 
in patients with HFrEF in routine clinical practice.
Methods

This retrospective cohort study included 214 HFrEF patients 
(LVEF < 40%, mean age 64.8 ± 11.0 years) treated at Tbilisi 
Heart Center between 2018 and 2025. Patients received GDMT 
and were divided into two groups: Perindopril (n = 118) and 
Sacubitril/Valsartan (n = 96). Clinical, echocardiographic, and 
biochemical metrics were assessed at baseline (Visit 1), 2–3 
weeks (Visit 2), and 3–6 months (Visit 3). Primary endpoints 
included changes in LVEF and NYHA functional class.
Results

•  Both treatment strategies significantly improved LVEF, 
reduced left ventricular dimensions (LVEDD, LVESD), and 
decreased pulmonary artery systolic pressure (ANOVA p < 
0.01), with major reverse remodeling occurring between Visits 
1 and 2.

•  LVEF increased from 34.3 ± 3.9% to 41.3 ± 7.4% in the 
perindopril group and from 30.8 ± 5.2% to 33.8 ± 8.1% in the 
sacubitril/valsartan group.

•  In multivariable linear regression analysis, treatment 
group (B = -3.170, p = 0.004), baseline LVEF (B = 0.381, p = 
0.005), and de novo heart failure (B = 2.966, p = 0.005) were 
independent predictors of follow-up LVEF.

•  Both cohorts showed significant longitudinal optimization 
in NYHA functional class (p < 0.001). No significant changes 
in serum potassium or renal function were observed. One-year 
all-cause mortality did not differ significantly between groups 
(33.1% vs. 22.9%, p = 0.103).
Conclusion

Perindopril therapy is associated with significant clinical 
improvement, LVEF recovery, and positive reverse cardiac 
remodeling in patients with HFrEF. Both perindopril and 
sacubitril/valsartan demonstrate comparable efficacy in 
reducing cardiac dimensions and optimizing NYHA functional 

status. Furthermore, perindopril maintains a favorable safety 
profile with low nephrotoxicity, confirming its potential as an 
effective therapeutic option in HFrEF management.

Key words. Perindopril, heart failure, reduced ejection 
fraction (HFrEF).
Introduction.

Heart failure (HF) is a structural and/or functional disorder 
of the heart that results in an increase in intracardiac pressure 
and/or a decrease in cardiac capacity, which leads to inadequate 
blood supply to tissues during rest or physical activity [1]. HF is 
a growing global problem; it is the second most frequent among 
cardiovascular diseases and the first in terms of hospitalization. 
Properly selected drug treatment for patients is the cornerstone 
of the management of this nosology.

According to the classification, heart failure is distinguished 
by the ejection fraction:

•	 HFrEF – Heart Failure with Reduced Ejection Fraction (EF 
< 40%).

•	 HFmrEF – Heart Failure with Mildly Reduced Ejection 
Fraction (EF 41–49%).

•	 HFpEF – Heart Failure with Preserved Ejection Fraction 
(EF ≥ 50%).

Worldwide, the burden of heart failure has risen to about 23 
million people, 50% of whom are patients with HFrEF [2].

Heart failure presenting with a reduced ejection fraction is 
characterized by frequent episodes of worsening heart failure 
and high mortality. The primary targets of treatment (clinical 
endpoints) are: reducing mortality, reducing hospitalization, 
and improving the quality of life. According to the current 
therapeutic standard, first-line medications and recommended 
[3] treatments [4,5] for HfrEF include: angiotensin-converting 
enzyme (ACE) inhibitors, sacubitril-valsartan, beta-blocker, 
spironolactone, SGLT2 inhibitors, and diuretics.

Perindopril is an ACE inhibitor, characterized by a long half-life 
and a relatively low incidence of side effects (e.g., dry cough). 
It has clinically proven efficacy across various cardiovascular 
nosology, as demonstrated in major clinical trials including 
ASCOT, EUROPA, PROGRESS, PREAMI, and ADVANCE. 

Perindopril is currently widely used for the treatment of 
hypertension [6], but data on its use in patients with a reduced 
ejection fraction for the treatment of heart failure are scarce [7].

An analysis of existing data suggests its potential efficacy 
within this specific cohort as well; however, strict adherence 
to the tenets of evidence-based medicine dictates that targeted 
clinical trials remain imperative to definitively substantiate 
these findings.

The primary objective of our study is to evaluate the therapeutic 
efficacy of perindopril versus sacubitril-valsartan (Uperio) in 
the management of heart failure among patients presenting with 
a reduced ejection fraction.
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The objective of this retrospective observational cohort study 
was to compare clinical, echocardiographic, and biochemical 
outcomes among patients with HFrEF treated with either 
perindopril or sacubitril/valsartan in routine clinical practice.
Materials and Methods.

The study cohort comprised 214 patients with heart failure and 
reduced ejection fraction (HFrEF), aged 23 to 89 years (mean 
age: 64.77 ± 11.03 years), who underwent treatment at the 
'Tbilisi Heart Center' clinic in Tbilisi between 2018 and 2025. 
The sample included 35 female and 179 male patients.

A retrospective, observational, non-randomized cohort study 
design was applied. Patients with missing baseline or follow-
up data for the primary endpoint were excluded from the 
corresponding analysis. No imputation methods were applied
Inclusion Criteria:

•	 Age 18 years and older
•	 Left ventricular ejection fraction (LVEF) < 40%
•	 Estimated glomerular filtration rate (eGFR) > 30 mL/min, 

Renal function was assessed using serum creatinine and 
eGFR calculated by the CKD-EPI equation

•	 Systolic blood pressure > 100 mmHg
•	 Serum potassium level < 5.2 mmol/L

Exclusion Criteria:
•	 Intolerance to ACE inhibitors or ARBs due to adverse 

effects, particularly a documented history of angioedema
•	 Symptomatic hypotension, or asymptomatic systolic blood 

pressure < 100 mmHg
•	 eGFR < 30 mL/min, or a dynamic decrease of < 35% 

between study visits
•	 Baseline serum potassium level > 5.2 mmol/L at enrollment, 

or > 5.4 mmol/L during subsequent follow-up visits
•	 Implantable cardioverter-defibrillator (ICD) placement 

within 3 months prior to the initial visit
•	 Peripartum or chemotherapy-induced cardiomyopathy
•	 Hemodynamically significant aortic valve stenosis
•	 Presence of any comorbid condition limiting life expectancy 

to less than 1 year.
Therapeutic Intervention: Background therapy included 

beta-blockers, mineralocorticoid receptor antagonists, SGLT2 
inhibitors, loop diuretics, and other medications according to 
contemporary heart failure guidelines-GDMT.

The study population was allocated into two parallel cohorts: 
the first cohort (n = 118) received perindopril at titrated doses 
of 2.5 mg, 5 mg, or 10 mg daily, whereas the second cohort 
(n = 96) was administered sacubitril/valsartan (Uperio) at 
doses of 24/26 mg, 49/51 mg, or 97/103 mg twice daily. Dose 
escalation was performed individually during follow-up visits, 
considering blood pressure, renal function, serum potassium 
levels, and overall tolerability. The objective was to achieve the 
maximally tolerated dose for each patient whenever clinically 
feasible. Both groups concurrently received comprehensive 
standard care as outlined by current guidelines. Throughout 
the follow-up period, clinical evaluations were conducted at a 
minimum of three distinct time points: an early assessment at 
2–3 weeks post-baseline, followed by subsequent visits at 3 and 
6 months after the initiation of therapeutic intervention. One-

year mortality was assessed using hospital records and available 
follow-up data.

The parameters evaluated encompassed the severity of heart 
failure according to the New York Heart Association (NYHA) 
functional classification, alongside comprehensive clinical, 
echocardiographic, and biochemical characteristics.
Primary Endpoint:

Change in left ventricular ejection fraction (LVEF) from 
baseline to final follow-up, change in NYHA functional class.
Secondary Endpoints:

Changes in cardiac dimensions, PASP, creatinine, potassium, 
pleural effusion, mitral regurgitation severity, and all-cause 
mortality.

The study protocol was approved by the ethics committee of 
David Aghmashenebeli University of Georgia.
Statistical Analysis:

Continuous variables were expressed as mean % standard 
deviation, while categorical variables were presented as 
frequencies and percentages. Significant differences for 
independent continuous variables were determined using 
Student’s t-test, whereas comparisons across different treatment 
stages were evaluated using Analysis of Variance (ANOVA); 
post hoc analysis was subsequently performed using the Tukey 
HSD test. Categorical characteristics were compared between 
the study groups using Pearson’s chi-square and Fisher’s exact 
tests. For longitudinal comparisons across timelines, Kendall’s 
W test and the Wilcoxon signed-rank test were applied, 
respectively. A p-value of < 0.05 was considered statistically 
significant. All statistical analyses were executed utilizing IBM 
SPSS Statistics software, version 23.
Results.

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

The majority of the study population was male; acute 
myocardial infarction (MI) was observed in 68 (31.78%) 
patients, prior MI in 96 (44.86%), and atrial fibrillation (AF) 
in 66 (30.84%). Among the documented comorbidities, chronic 
obstructive pulmonary disease (COPD) was prevalent in 13 
(6.07%) patients, diabetes mellitus in 66 (30.84%), and chronic 
kidney disease CKD, in 42 (19.63%).

The corresponding distribution of patients according to NYHA 
classification is illustrated in Figure 1 (Figure 1).

Baseline patient characteristics were compared according 
to the assigned therapeutic intervention. Cohort I comprised 
patients treated with perindopril, whereas Cohort II included 
those who received sacubitril-valsartan (Uperio) (Table 2).

In the perindopril group was reliably higher compared to 
uperio: de novo heart failure - 55(46.61) vs 18(18.75), p<0.001; 
A/H - 97(82.20) vs 62(64.58), p=0.003 frequency. With other 
general characteristics, the groups did not differ reliably.

Table 3 presents the dynamics of patients' monitorizations, 
comparing the perindopril and uperio groups with each other 
according to the stage of treatment, as well as changes in patient 
characteristics within the groups.

Prior to the initiation of treatment, no statistically significant 
difference was observed between the groups regarding the 
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NYHA functional class of heart failure. Similarly, the groups 
did not differ significantly in terms of medical history (prior 
comorbidities) or baseline biochemical characteristics.

In the perindopril cohort, compared to the Uperio cohort, 
the frequency of grade 1 mitral regurgitation was significantly 
higher: 36 (30.51%) vs. 18 (18.75%), p = 0.049.

Furthermore, the perindopril group, compared to the Uperio 
cohort, demonstrated a significantly higher mean ejection 
fraction, Respectively: 34.31 +3.90% vs. 30.79 +5.23%, p < 
0.001. Conversely, significantly smaller dimensions were noted 
in the perindopril group compared to the Uperio cohort, for the 
following parameters: LV end-diastolic size (5.86 +0.52 vs. 
6.21 +.52 cm; p < 0.001), LV end-systolic size (4.80 +0.53 vs. 
5.15 + 0.61 cm; p < 0.001), right ventricular size (3.30 +0.28 vs. 
3.43 +0.33 cm; p = 0.003), left atrial size (4.32 +0.36 vs. 4.58 + 
0.37 cm; p < 0.001), and right atrial size 3 (4.13 +0.36 vs. 4.35 
+0.40 cm; p < 0.001).

Regarding biochemical characteristics, at the third stage of 
treatment, the mean creatinine value was significantly lower in 
the perindopril group compared to the Uperio group. Among the 
echocardiographic parameters, the perindopril group maintained 
a significantly higher ejection fraction across all stages 
compared to Uperio, while concurrently exhibiting significantly 
lower values for LV end-diastolic size, LV end-systolic size, 
right ventricular size, left atrial size, and right atrial size.

Longitudinal observation over time (Repeated Measures 
ANOVA) revealed that neither the perindopril nor the Uperio 
group showed any statistically significant changes during the 
treatment period regarding mean biochemical and anthropometric 
metrics (including creatinine, potassium, body weight, and 
BMI). Among the echocardiographic data, left atrial size did not 
change significantly in either group, and right atrial size showed 
no significant changes specifically within the Uperio group. 
Table 4 presents the results of the post hoc analysis.
Post hoc analyses were conducted separately within co-
horts.

The post hoc analysis revealed that within the perindopril 
cohort, the mean ejection fraction increased significantly from 
visit 1 to visit 2, as well as from visit 1 to visit 3. Additionally, 
from visit 1 to visit 2, a statistically significant decrease was 
observed in the mean values of LV end-diastolic size, LV 
end-systolic size, right ventricular size, right atrial size, and 
pulmonary artery pressure (PASP), as well as from visit 1 
to visit 3; however, these parameters showed no significant 
changes from visit 2 to visit 3. A significant decrease in right 
atrial size was observed only between the first and second stages 
of the study.

Within the Uperio cohort, the mean ejection fraction 
demonstrated a significant increase both from visit 1 to visit 2 
and from visit 1 to visit 3 and statistically unchanged from visit 
2 to visit 3. Furthermore, a statistically significant reduction 
occurred from visit 1 to visit 2 in the mean parameters of LV 
end-diastolic size, LV end-systolic size, right ventricular size, 
and pulmonary artery pressure (PASP); nonetheless, these 
characteristics remained statistically unchanged from visit 2 to 
visit 3 and from visit 1 to visit 3.

As demonstrated, the primary clinical and structural changes 

in both groups occur predominantly between the first and 
second visits, whereas no statistically significant differences are 
observed from the second to the third visit.

Table 5 presents a comparison of clinical characteristics 
between the perindopril and Uperio groups at different stages, 
as well as within-group dynamics.

The incidence of pleural effusion did not differ significantly 
Between the perindopril and Uperio groups at any visit, and 
decreased significantly within groups.

No statistically significant difference was observed between 
the groups regarding the NYHA functional class at baseline.

Regarding the intra-group comparison across treatment stages, 
NYHA class IV was no longer observed in either group at 
the second visit (post-treatment); however, at the third visit, 
it was documented exclusively within Cohort II (the Uperio 
group). In the perindopril cohort, the frequency of NYHA class 
II significantly increased at the second stage (p < 0.001) and 
remained statistically unchanged between the second and third 
stages (p = 1.000). Correspondingly, the frequency of NYHA 
class III significantly decreased at the second stage (p < 0.001) 
and showed no significant change at stage III (p = 1.000). In 
the Uperio cohort, the frequency of NYHA class II significantly 
increased at the second stage (p = 0.004) and did not change 
significantly between the second and third stages (p = 0.223). 
Concurrently, the frequency of NYHA class III significantly 
decreased at the second stage (p < 0.001) and remained 
statistically unchanged at stage III (p = 0.690). Consequently, 
both the perindopril and Uperio groups demonstrated a 
statistically significant longitudinal improvement according to 
the NYHA functional classification over time (p < 0.001), with 
no significant differences observed between the two therapeutic 
groups.

At baseline, the combined frequencies of mitral regurgitation 
(MR) grades 1, 2, and 3 were significantly higher in the 
perindopril cohort. At the second stage, however, the frequency 
of MR grade 2 was significantly higher in the Uperio cohort, 
whereas no statistically significant differences were detected 
between the groups at stage III.

Regarding the intra-group analysis across treatment timelines, 
the frequency of MR grade 1 in the perindopril cohort 
significantly increased at the second stage (p = 0.004) and 
remained statistically unchanged between the second and third 
stages (p = 0.655). Correspondingly, the frequency of MR grade 
2 significantly decreased at the second stage (p = 0.014) and 
showed no significant change at stage III (p = 0.655). Since the 
frequency of MR grade 3 did not change significantly over time, 
further intra-group pairwise comparisons were not performed. 
Within the Uperio cohort, Kendall’s W test did not yield a 
statistically significant difference; therefore, subsequent post 
hoc intra-group statistical analysis was not conducted.

Over the 1-year follow-up period, 61 (28.5%) cases of all-cause 
mortality were recorded. Among these, 39 (33.05%) occurred in 
Cohort I (the perindopril group) and 22 (22.92%) in Cohort II 
(the Uperio group) (F = 2.68, p = 0.103), indicating that the 
difference between the groups was not statistically significant. 

To account for baseline differences between treatment groups, 
a multivariable linear regression analysis was performed with 
follow-up LVEF as the dependent variable. The model included 
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Factors n (%) or (Mean+SD)
De novo heart failure - n (%) 73(34.11%)
Male - n (%) 179(83.64%)
Female - n (%) 35(16.36)
Age - years (Mean+SD) 64.77+11.03
Height - cm (Mean+SD) 173.76+7.97
Diabetes - n (%) 66(30.84%)
CKD - n (%) 42(19.63%)
A/H - n (%) 159(74.3%)
Acute M.I.- n (%) 68(31.78%)
 Prior M.I.- n (%) 96(44.86%)
COPD- n (%) 13(6.07%)
AF - n (%) 66(30.84%)
 M.I. - Myocardial Infarction, COPD - chronic obstructive pulmonary disease, AF - atrial fibrillation, CKD - chronic kidney disease, 

Table 1. Baseline Patient Data.

Perindopril, n=118 Uperio, n= 96 F/t p
N(%) N(%)

de novo heart failure 55(46.61) 18(18.75) 19.80 <0.001 
Gender (male) 96(81.36) 83(86.46) 1 0.318 
Diabetes mellitus 42(35.59) 24(25.00) 2.80 0.096 
CKD 18(15.25) 24(25.00) 3.21 0.075 
A/H 97(82.20) 62(64.58) 8.88 0.003 
Acute M.I. 43(36.44) 25(26.04) 2.65 0.105 
Prior M.I 49(41.53) 47(48.96) 1.18 0.279 
COPD 5(4.24) 8(8.33) 1.55 0.214 
AF 32(27.12) 34(35.42) 1.71 0.193 
 M.I. - Myocardial Infarction, COPD - chronic obstructive pulmonary disease, AF - atrial fibrillation, CKD - chronic kidney disease, 

Table 2. Baseline Distribution of Patient Characteristics Between Treatment Groups Prior to Intervention.

Factors Perindopril, N=118 Uperio, N=96 t pMean SD Mean SD

Biochemical characteristics

Creatinine (μmol/L)
Visit 1 93.14 26.20 99.06 30.62 -1.50 0.136 
Visit 2 94.22 26.22 99.98 28.69 -1.52 0.131 
Visit 3 92.51 26.97 102.38 37.03 -2.25 0.025 

ANOVA (F, p) F=0.13 
p=0.882 

F=0.57 
p=0.564 

Potassium(mmol/L)
Visit 1 4.07 0.39 4.12 0.43 -0.86 0.391 
Visit 2 4.11 0.36 4.20 0.38 -1.69 0.093 
Visit 3 4.11 0.38 4.14 0.35 -0.56 0.575 

ANOVA (F, p) F=0.51 
p=0.600 

F=1.11 
p=0.331 

Anthropometric characteristics

Weight(kg)
Visit 1 87.67 17.04 91.79 20.97 -1.55 0.122 
Visit 2 86.86 16.10 91.49 20.22 -1.82 0.070 
Visit 3 87.03 16.52 91.05 20.22 -1.57 0.118 

ANOVA (F, p) F=0.08 
p=0.923 

F=0.03
p=0.969

BMI (kg/m2)

Visit 1 29.03 5.31 30.24 6.12 -1.52 0.130 
Visit 2 28.75 5.07 30.16 5.94 -1.84 0.067 
Visit 3 28.83 5.08 29.95 5.87 -1.47 0.143 

ANOVA (F, p) F=0.10 
0.907 

F=0.06 
0.941 

Table 3. Patient Characteristics Over Time During Treatment with Perindopril and Uperio.

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/chronic-obstructive-lung-disease
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/chronic-obstructive-lung-disease
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Ultrasound data

Ejection Fraction (%)
Visit 1 34.31 3.90 30.79 5.23 5.64 <0.001
Visit 2 40.03 6.32 34.30 6.98 6.23 <0.001
Visit 3 41.31 7.39 33.79 8.13 7.00 <0.001

ANOVA (F, p) F=43.32 
p<0.001

F=7.29 
p<0.001 

L/V diastolic size(cm)
Visit 1 5.86 0.52 6.21 0.52 -4.86 <0.001
Visit 2 5.69 0.53 5.98 0.59 -3.81 <0.001
Visit 3 5.61 0.56 6.02 0.64 -5.04 <0.001

ANOVA (F, p) F=6.82 
p=0.001 

F=3.98 
p=0.020 

L/V systolic size(cm)
Visit 1 4.80 0.53 5.15 0.61 -4.50 <0.001
Visit 2 4.53 0.59 4.89 0.68 -4.10 <0.001
Visit 3 4.41 0.67 4.93 0.72 -5.39 <0.001

ANOVA (F, p) F=13.14 
p<0.001

F=4.12 
p=0.017 

Right ventricular size(cm)
Visit 1 3.30 0.28 3.43 0.33 -2.99 0.003 
Visit 2 3.20 0.23 3.28 0.33 -2.31 0.022 
Visit 3 3.22 0.28 3.36 0.41 -3.07 0.002 

ANOVA (F, p) F=5.54 
p=0.004 

F=3.91 
p=0.021 

Left atrium size(cm)
Visit 1 4.32 0.36 4.58 0.37 -5.04 <0.001
Visit 2 4.24 0.37 4.49 0.40 -4.70 <0.001
Visit 3 4.29 0.35 4.55 0.51 -4.38 <0.001

ANOVA (F, p) F=1.54 
p=0.215 

F=1.01 
p=0.364 

Right atrial size(cm)
Visit 1 4.13 0.36 4.35 0.40 -4.25 <0.001
Visit 2 4.01 0.31 4.21 0.44 -3.93 <0.001
Visit 3 4.06 0.39 4.27 0.58 -3.27 0.001 

ANOVA (F, p) F=3.65 
p=0.027 

F=2.15 
p=0.119 

PASP
Visit 1 33.89 12.10 34.96 10.89 -0.68 0.498 
Visit 2 27.76 10.22 29.27 10.91 -1.04 0.302 
Visit 3 29.74 11.45 32.97 12.32 -1.97 0.050 

ANOVA (F, p) F=9.06 
p<0.001

F=6.16 
p=0.002 

Perindopril Uperio
Dependent Variable (I) (J) Mean Difference (I-J) Std. Error p (I) (J) Mean Difference (I-J) Std. Error p

Ejection fraction (%)

1 2 -5.72* 0.79 <0.001 1 2 -3.51* 0.99 0.001 
3 -6.32* 0.79 <0.001 3 -3.00* 0.99 0.008 

2 1 5.72* 0.79 <0.001 2 1 3.512* 0.99 0.001 
3 -1.27 0.79 0.245 3 0.51 0.99 0.865 

3 1 6.92* 0.79 <0.001 3 1 3.00* 0.99 0.008 
2 1.27 0.79 0.245 2 -0.51 0.99 0.865 

L/V Diastolic size(cm)

1 2 0.17* 0.07 0.048 1 2 0.22* 0.08 0.023 
3 0.25* 0.07 0.001 3 0.18 0.08 0.077 

2 1 -.17* 0.07 0.048 2 1 -0.22* 0.08 0.023 
3 0.09 0.07 0.416 3 -0.04 0.08 0.886 

3 1 -0.25* 0.07 0.001 3 1 -0.18 0.08 0.077 
2 -0.09 0.07 0.416 2 0.04 0.08 0.886 

L/V systolic size(cm)

1 2 0.27* 0.08 0.002 1 2 0.26* 0.10 0.023 
3 0.39* 0.08 <0.001 3 0.22 0.10 0.061 

2 1 -0.27* 0.08 0.002 2 1 -0.26* 0.10 0.023 
3 0.12 0.08 0.264 3 -0.04 0.10 0.926 

3 1 -0.39* 0.08 <0.001 3 1 -0.22 0.10 0.061 
2 -0.12 0.08 0.264 2 0.04 0.10 0.926 

Table 4. Comparison of Quantitative Data by Visits to Groups.
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Right ventricular size

1 
2 0.11* 0.03 0.005 

1 
2 0.15* 0.05 0.015 

3 0.09* 0.03 0.031 3 0.07 0.05 0.416 

2 
1 -0.11* 0.03 0.005 

2 
1 -0.15* 0.05 0.015 

3 -0.02 0.03 0.825 3 -0.08 0.05 0.280 

3 1 -0.09* 0.03 0.031 3 1 -0.07 0.05 0.416 
2 0.02 0.03 0.055 2 0.08 0.05 0.280 

Right atrial size

1 2 0.133* 0.05 0.021 - - - - -
3 0.07 0.05 0.240 - - - - -

2 1 -0.12* 0.05 0.021 - - - - -
3 -0.05 0.05 0.536 - - - - -

3 1 -0.07 0.05 0.240 - - - - -
2 0.05 0.05 0.536 - - - - -

PASP

1 2 6.13* 1.47 <0.001 1 2 5.69* 1.64 0.002 
3 4.15* 1.47 0.014 3 1.99 1.64 0.448 

2 1 -6.13* 1.47 <0.001 2 1 -5.69* 1.64 0.002 
3 -1.97 1.47 0.372 3 -3.70 1.64 0.065 

3 1 -4.15* 1.47 0.014 3 1 -1.99 1.64 0.448 
2 1.97 1.47 0.372 2 3.70 1.64 0.065 

Factors Perindopril, N=118 Uperio, N= 96 F pn % n %
Pleural Effusion Visit 1 33 27.97 26 27.08 0.02 0.886 

Visit 2 15 12.71 11 11.46 0.08 0.781 
Visit 3 14 11.86 12 12.50 0.02 0.888 

Kendall's W Test c2=15.2
p<0.001

c2=11.4
p=0.003

NYHA2
Visit 1 26 22.03 26 27.08 0.73 0.394 
Visit 2 80 67.80 68 70.83 0.23 0.634 
Visit 3 79 66.95 64 66.67 0.00 0.965 

Kendall's W Test c2=75.3,
p<0.001

c2=54.6
p<0.001

NYHA3 Visit 1 92 77.97 68 70.83 1.42 0.234 
Visit 2 38 32.20 28 29.17 0.23 0.634 
Visit 3 39 33.05 31 32.29 0.01 0.907 

Kendall's W Test c2=75.3,
p<0.001

c2=48.0,
p<0.001 - -

NYHA4 Visit 1 0 0.00 2 2.08 2.49 0.116 
Visit 2 0 0.00 0 0.00 - -
Visit 3 0 0.00 1 1.04 1.23 0.269 

Kendall's W Test - -
MR grade 1 Visit 1 36 30.51 18 18.75 3.91 0.049 

Visit 2 52 44.07 24 25.00 8.67 0.004 
Visit 3 50 42.37 27 28.13 4.72 0.031 

Kendall's W Test c2=9.1
p=0.010

c2=4.06
p=0.131

MR grade 2 Visit 1 78 66.10 72 75.00 2.00 0.159 
Visit 2 63 53.39 68 70.83 6.94 0.009 
Visit 3 65 55.08 61 63.54 1.56 0.213 

Kendall's W Test c2=7.8
p=0.200

c2=4.65
p=0.098

MR grade 3 Visit 1 4 3.39 6 6.25 0.97 0.326 
Visit 2 3 2.54 4 4.17 0.44 0.509 
Visit 3 3 2.54 7 7.29 2.69 0.103 

Kendall's W Test c2=0.333,
p=0.846

c2=1.56,
p=0.459 - -

Table 5. Comparison of clinical characteristics between the perindopril and Uperio groups.
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Model Unstandardized Coefficients Standardized Coefficients t pB Std. Error Beta

1

(Constant) 55.307 11.466 4.824 <0.001
de novo HF 2.966 1.038 0.164 2.856 0.005
Gender (male) .355 1.333 0.015 0.266 0.790
age -.057 .045 -0.073 -1.246 0.214
A/H .119 1.117 0.006 0.106 0.915
AF -1.227 1.131 -0.066 -1.085 0.279
Uperio -3.170 1.090 -0.184 -2.908 0.004
NYHA1 1.426 1.083 0.074 1.317 0.189
Ejection fraction (%) - 1 0.381 0.135 0.216 2.828 0.005
 L/V Diastolic size(cm)-1 -2.915 2.189 -0.186 -1.332 0.185
L/V systolic size(cm) - 1 -2.354 2.188 -0.163 -1.076 0.283
Right ventricular size - 1 2.173 2.278 0.078 0.954 0.341
Left atrial size - 1 0.706 1.950 0.032 0.362 0.718
Right atrial size - 1 -2.583 2.257 -0.118 -1.144 0.254

Table 6. To account for baseline differences between treatment groups, a multivariable linear regression analysis was performed with follow-up 
LVEF as the dependent variable.

Figure 1. The highest frequency among patients was NYHA-III class, NYHA-1 was not observed.

treatment group, age, sex, de novo heart failure, arterial 
hypertension, atrial fibrillation, NYHA class, baseline LVEF, 
and baseline echocardiographic parameters (Table 6).

Dependent Variable: Ejection fraction (%) 3.
The overall regression model was statistically significant 

(F(13,200)=11.523, p<0.001), explaining 42.8% of the variance 
in follow-up LVEF (R²=0.428; adjusted R²=0.391).

After adjustment for baseline covariates, treatment group 
remained independently associated with follow-up LVEF. 
Patients receiving sacubitril/valsartan demonstrated a mean 
follow-up LVEF that was 3.17 percentage points lower than 
that observed in the perindopril group (B=-3.170, p=0.004). 
Baseline LVEF (B=0.381, p=0.005) and de novo heart failure 
(B=2.966, p=0.005) were also independent predictors of follow-
up LVEF.
Discussion.

The contemporary management concept of HFrEF is 
fundamentally based on the inhibition of neurohormonal 

activation, given that the chronic activation of the renin-
angiotensin-aldosterone system and the sympathetic nervous 
system drives progressive myocardial remodeling, hemodynamic 
destabilization, and increased mortality. Consequently, evaluating 
the real-world clinical efficacy of perindopril represents a matter 
of significant practical interest [8].

The present retrospective cohort study evaluated the 
therapeutic efficacy of perindopril versus sacubitril/valsartan 
in patients with heart failure and reduced ejection fraction 
(HFrEF) against the background of contemporary guideline-
directed medical therapy (GDMT) [1]. Although ARNI-class 
drugs are recommended over ACE inhibitors in predominantly 
symptomatic HFrEF in ACC/AHA guidelines, ACE inhibitors 
remain a fundamental component of treatment. The results 
obtained demonstrated that both therapeutic strategies 
were associated with significant improvements in clinical, 
functional, and echocardiographic parameters; the perindopril 
cohort exhibited a tendency of more positive trajectory across 
several specific metrics. However, direct comparisons between 



245

treatment groups should be interpreted cautiously because 
important baseline differences existed between the cohorts.

Sacubitril-valsartan is the first approved agent in the class 
of angiotensin receptor-neprilysin inhibitors (ARNIs). The 
medication is approved by the United States Food and Drug 
Administration (FDA) for the treatment of chronic heart failure 
with reduced ejection fraction in New York Heart Association 
classes II, III, or IV [9].

Studies demonstrate that at the 1-year follow-up, patients with 
HFrEF exhibit significant improvements in echocardiographic 
parameters, including left ventricular ejection fraction (LVEF), 
systolic pulmonary artery pressure (PAPsys), and cardiac 
valvular regurgitation [10]. 

Meta-analysis confirms that sacubitril/valsartan significantly 
reduces the risk of all-cause and cardiovascular mortality in 
heart failure patients compared to conventional ACE inhibitors 
or ARBs. However, the therapeutic benefit is accompanied by 
a substantially higher incidence of symptomatic and worsening 
hypotension. Aside from hypotension, sacubitril/valsartan 
demonstrates a favorable safety profile, showing a lower risk 
of renal impairment, hyperkalemia, and cough than standard 
therapy. The study also highlights that the occurrence of these 
adverse events can be significantly influenced by baseline 
factors such as study duration, patient race, and specific 
underlying comorbidities. Ultimately, the authors conclude that 
while sacubitril/valsartan is highly effective, clinicians must 
carefully monitor blood pressure and individual patient profiles 
to optimize safety and treatment adherence [11]. 

There is a divergence of opinion regarding the impact on 
renal function; according to Barboza JJ et al., in adults with 
heart failure, sacubitril/valsartan likely reduced the doubling 
of serum creatinine compared to ACE inhibitors or ARBs but 
may have little to no effect on hyperkalemia [12]. In conclusion, 
sacubitril/valsartan has shown a protective effect on the kidneys, 
effectively reducing the risk of kidney deterioration [13]. The 
PARADIGM-HF trial demonstrated that sacubitril/valsartan 
may induce a minor increase in serum creatinine levels; 
however, this elevation is frequently not clinically significant 
[14]. According to our findings, no statistically significant 
differences in serum creatinine levels were observed between 
the groups at the baseline and intermediate stages (visits 1 and 
2, p > 0.05). However, at the final evaluation stage, a statistically 
significantly higher creatinine level was recorded in the Uperio 
group (p = 0.025). Regarding serum potassium levels, no 
statistically significant differences were detected either between 
the groups or across the follow-up timelines (p > 0.05). This 
indicates that both therapeutic regimens are relatively safe from 
a renal function perspective, although the minor elevation of 
creatinine within the Uperio cohort aligns with existing literature. 
Furthermore, no significant differences in body weight or BMI 
were observed between the groups (p > 0.05) or within intra-
group dynamics over time (ANOVA, p > 0.05).

In contrast, profound changes were identified among the 
echocardiographic parameters. One of the primary findings of 
our study was a statistically significant improvement in left 
ventricular ejection fraction (LVEF) within both treatment arms. 
Specifically, LVEF increased from 34.31 ± 3.90% to 41.31 ± 
7.39% in the perindopril cohort, and from 30.79 ± 5.23% to 33.79 

± 8.13% in the sacubitril/valsartan cohort. Post hoc analysis 
further revealed that the most substantial improvement occurred 
predominantly between the first and second clinical visits, 
which is highly consistent with the established effects of early 
GDMT titration documented in contemporary HFrEF trials [15], 
while changes were relatively stable in the subsequent period. 
This observed trajectory aligns with the contemporary concept 
of HFrEF management and the well-documented phenomenon 
of reverse remodeling according to which the early initiation 
of GDMT exerts its most substantial hemodynamic and anti-
remodeling effects during the initial months of treatment [2]. 

Intriguingly, despite the established evidentiary superiority of 
sacubitril/valsartan demonstrated in the landmark PARADIGM-
HF and PROVE-HF trials [16], the perindopril cohort 
showed a tendency toward greater improvement in several 
echocardiographic parameters. Given the baseline differences 
between groups and the non-randomized study design, these 
findings should be considered hypothesis-generating rather than 
conclusive. Patients in the sacubitril/valsartan arm presented 
with inherently more severe baseline structural impairment, 
characterized by a lower baseline LVEF, larger left ventricular 
end-diastolic and end-systolic dimensions, as well as greater 
atrial and right ventricular volumes. Consequently, the study 
cohorts were not entirely homogeneous, suggesting a selection 
bias where clinically more advanced or high-risk patients were 
preferentially allocated to the ARNI group—a confounding 
trend that accurately reflects real-world clinical practice. 
Furthermore, it is crucial to highlight that the perindopril cohort 
comprised a substantially higher proportion of de novo heart 
failure patients compared to the sacubitril/valsartan group 
(46.61% vs. 18.75%, p < 0.001). In clinical practice, treatment-
naive patients routinely exhibit a more dramatic initial 
myocardial response and pronounced functional recovery upon 
the introduction of guideline-directed medical therapy (GDMT). 
This systemic baseline disparity provides a highly plausible 
pathophysiological explanation for the more prominent early 
increase in LVEF (+5.72%) observed within our perindopril 
arm, rather than indicating a superior molecular efficacy of the 
ACE inhibitor over the Uperio regimen.

 Crucially, the clinical efficacy of perindopril in the acute 
phase of myocardial infarction and ischemic heart disease 
has been extensively validated in landmark clinical trials, 
most notably the EUROPA and PREAMI studies, which 
demonstrated substantial reductions in cardiovascular mortality 
and recurrent ischemic events through potent neurohormonal 
inhibition and endothelial protection. Our findings are generally 
consistent with previous studies demonstrating the beneficial 
effects of perindopril in patients with cardiovascular disease. 
The therapeutic benefit of perindopril remains remarkably 
robust even within the high-risk sub-population of patients 
presenting with reduced ejection fraction (HFrEF) of ischemic 
etiology. In this vulnerable cohort, guideline-directed medical 
therapy with perindopril successfully driven significant positive 
reverse remodeling and dynamic functional recovery, thereby 
confirming that its secondary preventive and anti-remodeling 
properties are fully preserved in the presence of advanced 
systolic dysfunction.

Notably, both therapeutic strategies were associated with 
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definitive signs of reverse remodeling [17]. In the perindopril 
cohort, both left ventricular end-diastolic and end-systolic 
dimensions were significantly reduced, indicating a favorable 
shift in myocardial structural remodeling. A similar trajectory 
was observed within the sacubitril/valsartan cohort, albeit less 
pronounced. It is well established that ACE inhibitors facilitate 
afterload reduction, inhibit the deleterious effects of angiotensin 
II, and attenuate the progression of myocardial fibrosis [18]. 
Which ultimately leads to the long-term improvement of left 
ventricular function. These pathophysiological mechanisms are 
particularly critical in HFrEF of ischemic etiology, which was 
present in a significant proportion of our study cohort.

A longitudinal improvement in left ventricular ejection fraction 
(LVEF) was observed over time in both groups (ANOVA p < 
0.001); however, LVEF remained significantly higher in the 
perindopril cohort across all evaluation stages (p < 0.001), a 
finding that may be attributed to their superior baseline values.

In the PROVE-HF (Prospective Study of Biomarkers, 
Symptom Improvement, and Ventricular Remodeling During 
Sacubitril/Valsartan Therapy for HF) study, after 12 months of 
therapy with sacubitril/valsartan, the median LVEF increased 
from 28.2% to 37.8% (difference: 9.4%; 95% CI: 8.8%–9.9%; 
p < 0.001) [17].

In our study, during perindopril treatment, the mean left 
ventricular ejection fraction (LVEF) at the second stage increased 
by 5.72% compared to the baseline (p < 0.001), whereas a 3.51% 
increase was recorded in the Uperio group (p = 0.001). Between 
the second and third stages, LVEF further increased by 1.27% in 
the perindopril cohort (p = 0.245), while it decreased by 0.51% in 
the Uperio cohort (p = 0.865). Notably, the longitudinal changes 
between stages 2 and 3 did not reach statistical significance in 
either group. Left ventricular dimensions—both end-diastolic 
and end-systolic—were significantly smaller in the perindopril 
cohort across all evaluation stages (p < 0.001). 

Similarly, atrial and right ventricular dimensions were 
consistently smaller in the perindopril group at all timelines (p 
< 0.001), with the intra-group changes demonstrating partial 
statistical significance. The larger cardiac dimensions observed 
in the ARNI cohort likely reflect a more severe baseline clinical 
status. Regarding pulmonary artery systolic pressure, no 
statistically significant differences were detected between the 
treatment arms (p > 0.05); however, a statistically significant 
longitudinal improvement was observed in both groups over time 
(ANOVA p < 0.01). This indicates that both therapeutic strategies 
are equally effective in mitigating pulmonary hypertension. 
Conversely, the improvement in mitral regurgitation severity 
was significantly more pronounced in the perindopril cohort. 
This finding should be interpreted cautiously because baseline 
differences between treatment groups may have influenced the 
observed results. 

An important observation of the present study is that the clinical 
and echocardiographic outcomes achieved with perindopril 
were generally comparable to those observed with sacubitril/
valsartan, a treatment supported by extensive evidence from 
large-scale randomized trials and currently recommended as 
a foundational therapy for HFrEF. Although this study was 
not designed to assess superiority or non-inferiority between 
treatment strategies, several echocardiographic parameters 

showed a numerically more favorable direction of change in the 
perindopril cohort during follow-up. Given the non-randomized 
design and baseline differences between groups, these findings 
should be interpreted with caution and considered hypothesis-
generating, warranting further evaluation in prospective 
randomized studies.

Consequently, both pharmacological agents demonstrate 
robust clinical efficacy in the management of chronic heart 
failure. This therapeutic response is characterized by an increase 
in LVEF, a reduction in cardiac chamber dimensions, and a 
decrease in pulmonary artery pressure. Furthermore, the analysis 
of NYHA functional class revealed a statistically significant 
chronological improvement in both the perindopril and Uperio 
groups (p < 0.001), primarily driven by the favorable shifting 
of patients from NYHA class III to class II. No statistically 
significant differences were observed between the cohorts (p 
> 0.05), underscores the comparable efficacy of both regimens 
regarding symptomatic control. Both outcomes closely align 
with contemporary clinical guidelines, which establish that both 
ACE inhibitors and ARNI class agents effectively optimize the 
functional status of patients living with heart failure [3].
Study Limitations.

When interpreting these outcomes, it is imperative to account 
for baseline clinical discrepancies, as the sacubitril/valsartan arm 
inherently comprised patients with more advanced structural 
impairment and severe baseline status.

The non-randomized, observational design of the study.
A single-center study.

Conclusion.
•	 Perindopril was associated with significant clinical and 

echocardiographic improvement in patients with HFrEF 
within this observational cohort.

•	 Guideline-directed medical therapy with perindopril is 
associated with a statistically significant longitudinal 
improvement in left ventricular ejection fraction (LVEF), 
a reduction in both left ventricular end-diastolic and end-
systolic dimensions, a decrease in pulmonary artery systolic 
pressure, and a substantial optimization of clinical status 
according to the NYHA functional classification.

•	 Both therapeutic strategies—perindopril and sacubitril/
valsartan—exhibit definitive signs of reverse cardiac 
remodeling and contribute to a meaningful reduction in 
symptomatic disease burden.

•	 Within this study cohort, the perindopril group 
demonstrated a more pronounced improvement across 
several key echocardiographic parameters; however, when 
interpreting these outcomes, it is imperative to account for 
baseline clinical discrepancies, as the sacubitril/valsartan 
arm inherently comprised patients with more advanced 
structural impairment and severe baseline status.

•	 Perindopril maintains a highly favorable safety and 
tolerability profile, demonstrated by the absence of any 
clinically significant elevations in serum potassium or acute 
deteriorations of renal function throughout the treatment 
course.

•	 No statistically significant difference was detected between 
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the two groups regarding 1-year all-cause mortality, an 
outcome that may be fundamentally attributed to the limited 
sample size and the non-randomized, observational design 
of the study.
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