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Abstract: Objective: To investigate the effects of sacubitril/valsartan combined with ivabradine in treating cardiore-
nal syndrome (CRS). Methods: Information from 120 selected participants was retrospectively analyzed and divided 
into an experimental group (n=60) and a control group (n=60). The control group received sacubitril/valsartan 
alone, while the experimental group received sacubitril/valsartan plus ivabradine. Clinical efficacy, blood lipids, 
cardiac and renal function, and oxidative stress were observed in both groups. Results: The experimental group 
showed better clinical efficacy, lipid metabolism, cardiac function, renal function, and oxidative stress than the 
control group, and a lower incidence of major adverse cardiovascular events (MACE) (all P<0.05). Conclusion: Sacu-
bitril/valsartan combined with ivabradine is effective in treating CRS patients, with superior efficacy across various 
indicators and its usage has a lower incidence of MACE.

Keywords: Sacubitril-valsartan, ivabradine, cardiorenal syndrome, oxidative stress response, retrospective analy-
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Introduction

Cardiorenal syndrome (CRS) is a disease in 
which the heart and kidneys interact and affect 
each other’s functions. The pathogenesis of 
CRS mainly involves the interaction between 
the circulatory system and the kidneys. For 
example, increased blood pressure and de- 
creased cardiac output caused by heart dis-
ease may lead to a decrease in renal perfusion 
pressure and glomerular filtration rate, thereby 
affecting renal function; decreased glomerular 
filtration rate and water and electrolyte distur-
bances caused by kidney disease may also 
have a negative impact on cardiac function [1]. 
With the increase in the incidence of cardiovas-
cular disease and chronic kidney disease, the 
incidence of CRS has also gradually increased, 
especially in the elderly population. It has been 
reported that the incidence of CRS is high in 
patients with heart disease and chronic kidney 
disease, reaching 30%-60% [2]. CRS occurs 
worldwide, especially in the elderly population 
in developed countries and regions. In China, 
with the increasing trend of population aging 

and the high incidence of cardiovascular dis-
ease and chronic kidney disease, the incidence 
of CRS is also gradually increasing.

The treatment of CRS is multifaceted, mainly 
using comprehensive treatment, aiming to pro-
tect the function of the heart and kidneys and 
prevent mutual damage [3]. Generally, treat-
ment includes controlling blood pressure to 
reduce the burden on the heart and kidneys; 
controlling blood sugar to reduce damage to 
the heart and kidneys; maintaining water and 
electrolyte balance, which is crucial for both the 
heart and kidneys; limiting salt intake to help 
control blood pressure and fluid balance; and 
medication. Medications used include diuret-
ics, antihypertensives, anticoagulants, nephro-
protective agents, calcium channel blockers, 
angiotensin receptor antagonists, and beta-
blockers. Commonly used medications for CRS 
include sacubitril/valsartan, ivabradine, dapa-
gliflozin, tolvaptan, and novitor. Sacubitril/val-
sartan is an angiotensin receptor antagonist, 
and ivabradine is a heart rate lowering agent. 
This study adopted a retrospective analysis to 
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investigate the therapeutic effects of these two 
drugs.

Materials and methods

General information

This study included data from 120 CRS patients 
treated in the First Affiliated Hospital of Jishou 
University from January 2023 to January 2024. 
According to the actual medication use, pa- 
tients were divided into an experimental gr- 
oup (n=60) and a control group (n=60). The 
experimental group received sacubitril/valsar-
tan plus ivabradine, while the control group 
received only sacubitril/valsartan. Since the 
data was collected retrospectively and de-iden-
tified, no approval from the ethics review com-
mittee was required.

Inclusion criteria

Inclusion criteria: Age 18-70 years; meeting the 
diagnostic criteria for CRS as defined in the 
“Clinical Practice Guidelines for the Diagnosis 
and Treatment of Cardiorenal Syndrome (2023 
Edition)”; cardiac function class II-IV of the New 
York Heart Association (NYHA); treatment dura-

In the control group, Sacubitril/valsartan was 
administered at an initial dose of 50-100  
mg twice daily, depending on the patient’s 
blood pressure and renal function. Patients at 
high risk of hypotension (blood pressure <110 
mmHg) or impaired renal function (estimated 
glomerular filtration rate <60 mL/min/1.73 m2) 
received 50 mg per dose; other patients re- 
ceived 100 mg per dose. After 2-4 weeks of 
treatment, the dose was gradually increased 
based on patient tolerance, with a maximum 
dose of 400 mg daily. Angiotensin-converting 
enzyme inhibitors or angiotensin receptor blo- 
ckers were discontinued 36 hours before treat-
ment, followed by the addition of sacubitril/
valsartan.

In the experimental group, Sacubitril/valsartan 
was combined with ivabradine, with an initial 
dose of 2.5 mg orally twice daily. After two 
weeks of treatment, the dosage was adjusted 
based on heart rate control. If the patient’s 
resting heart rate remained above 60 beats/
minute, the dose was increased to 5 mg twice 
daily; if the patient’s resting heart rate was 
50-60 beats/minute, the current dose was 

Figure 1. Flow diagram. CRS, cardiorenal syndrome; NYHA, New York Heart 
Association.

tion of at least 3 months. Ex- 
clusion criteria: hemodynamic 
instability; patients using circu-
latory support devices; pati- 
ents with hyperthyroid heart 
disease, myocardial amyloido-
sis, severe aortic stenosis, se- 
vere pulmonary hypertension, 
malignant arrhythmia, cardio-
genic shock, or malignant tu- 
mors; patients with severe hy- 
povolemia such as gastrointes-
tinal bleeding, severe dehydra-
tion, or shock (Figure 1).

Methods

Both groups received routine 
treatment, including bed rest, 
oxygen therapy, a low-sodium 
diet, and the use of diuretics, 
cardiotonics, and vasodilators, 
along with improvements in 
neuroendocrine function and 
myocardial energy metabo-
lism, as well as ventricular rate 
control.
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maintained; if the patient’s resting heart rate 
remained below 50 beats/minute, or symp-
toms related to bradycardia appeared, the  
dose was reduced or the medication was dis-
continued. The maximum dose was 7.5 mg 
twice daily, with the goal of controlling the rest-
ing heart rate at 55-60 beats/minute.

Observation indicators

Clinical efficacy: Clinical efficacy was assessed 
based on the improvement in the New York 
Heart Association (NYHA) functional classifica-
tion, categorized as markedly effective, effec-
tive, and ineffective. Markedly effective: com-
plete recovery of clinical symptoms and signs, 
or improvement of ≥2 grades in the functional 
classification compared to pre-treatment. Eff- 
ective: improvement in clinical symptoms and 
signs, and improvement of ≥1 grade in the 
functional classification compared to pre-tre- 
atment. Ineffective: no significant change or 
worsening of symptoms after treatment. Total 
effective rate = markedly effective rate + effec-
tive rate.

Blood lipids: Blood lipid indicators include tri-
glycerides (TG), high-density lipoprotein choles-
terol (HDL-C), and low-density lipoprotein cho-
lesterol (LDL-C).

Renal function: Blood was drawn venously by 
the laboratory to test urobilinogen (BUN), serum 
creatinine (Cr), serum potassium, and serum 
sodium. Urinary β2-microglobulin (β2-MG) and 
cystatin C (CysC) were also measured.

Cardiac function: Left ventricular ejection frac-
tion (LVEF), cardiac output, left ventricular end-
diastolic diameter (LVEDD), and 6-minute walk 
test (6MWT) were compared between the two 
groups before and after treatment. Echocardio- 
graphy was performed on both groups before 
and after treatment, and LVEF and LVEDD were 
recorded. A Philips EPIQ 7C color Doppler ultra-
sound diagnostic instrument was used.

Oxidative stress response: Superoxide dismu- 
tase (SOD), malondialdehyde (MDA), and nitric 
oxide (NO) levels were compared between the 
two groups before and after treatment. Adverse 
cardiovascular events (MACE). The main focus 
was on the occurrence of adverse cardiovascu-
lar events (MACE) within 6 months after treat-

ment. These included acute myocardial infarc-
tion, refractory angina, arrhythmia, new-onset 
heart failure, readmission, and cardiac death 
[4].

Statistical analysis

Comparisons between groups were performed 
using Student’s t-test. Continuous data were 
presented as means ± standard deviation  
(SD). Categorical variables were compared 
using Fisher’s exact test in univariate analysis. 
A P-value <0.05 was considered statistically 
significant. Overall survival was estimated us- 
ing the Kaplan-Meier method, and between-
group differences were assessed using the log-
rank test. All statistical analyses were per-
formed using GraphPad Prism 8 software 
(GraphPad Software).

Results

Comparison of baseline characteristics

There were no statistically significant differenc-
es in baseline characteristics between the two 
groups (all, P>0.05), as detailed in Table 1.

Comparison of clinical efficacy

The total effective rate in the experimental 
group was 93.33%, significantly higher than 
that in the control group (76.67%), with a sta- 
tistically significant difference (χ2=6.536, P= 
0.011). See Table 2.

Comparison of blood lipid indicators

Before treatment, there was no statistically  
significant difference in blood lipid indicators 
between the two groups (P>0.05). After treat-
ment, the blood lipid indicators (TG, LDL-C  
and HDL-C) in the experimental group were all 
better than those in the control group (t= 
3.933, P=0.001; t=3.425, P=0.004; t=3.587, 
P=0.003). See Table 3.

Comparison of cardiac function

Before treatment, there was no statistically sig-
nificant difference in any cardiac function indi-
cators between the two groups (all P>0.05). 
After treatment, the experimental group show- 
ed better results than the control group in 
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Table 1. Comparison of basic information of the two groups of patients (
_
x±s) (n, %)

Data and indicators Experimental 
Group (n=60)

Control  
group (n=60) t/χ2 P

Age (
_
x±s) 65.87±7.33 64.98±7.79 0.387 0.724

Gender (n) men and women 33/27 31/29 0.134 0.714
Body mass index (

_
x±s, kg/m2) 22.58±1.63 22.25±1.44 0.513 0.639

blood pressure (
_
x±s, mmHg) Systolic blood pressure 146.28±8.13 147.08±8.39 0.455 0.683

Diastolic blood pressure 97.62±7.53 97.24±7.46 0.426 0.704

Heart rate (
_
x±s, Times/min) 92.14±8.55 91.88±8.36 0.176 0.865

Heart function classification (n) Level I 19 21 0.153 0.927

Level III 25 24

Level IV 16 15

Causes of Heart Failure (n) Coronary heart disease 28 26 0.161 0.923

Arrhythmias 22 24

Myocarditis 10 10

Concomitant diabetes 18 16 0.164 0.685

Combined hypertension 14 16 0.178 0.673

    Blood lipid index Triglycerides TG (
_
x±s, mmol/L) 2.83±0.65 2.63±0.58 0.447 0.678

Low-density lipoprotein cholesterol LDL-C (
_
x±s, mmol/L) 4.47±0.51 4.58±0.67 0.332 0.784

High-density lipoprotein cholesterol HDL-C (
_
x±s, mmol/L) 0.73±0.14 0.63±0.11 0.951 0.396

    Heart function index Left ventricular ejection fraction LVEF (%) 34.52±4.87 34.11±5.06 0.138 0.872

Left ventricular end-diastolic diameter LVEDD (
_
x±s, mm) 67.83±5.52 68.04±5.69 0.179 0.802

    Renal function index Creatinine Cr (
_
x±s, μmol/L) 95.88±7.32 95.51±6.47 0.026 0.957

Urobilinogen BUN (
_
x±s, mmol/L) 11.37±2.33 11.62±2.24 0.428 0.694

β2-MG (
_
x±s, mg/L) 14.83±2.15 14.32±2.41 0.633 0.582

TG, triglycerides; LDL-C, low-density lipoprotein cholesterol; LVEF, Left ventricular ejection fraction; LVEDD, left ventricular end-diastolic diameter; Cr, creatinine; BUN, 
urobilinogen; β2-MG, β2-microglobulin.

Table 2. Comparison of clinical efficacy between two groups of patients (n, %)
Group n Effective Efficient Invalid Total efficiency
Experimental Group 60 40 (66.67) 16 (26.67) 4 (6.67) 56 (93.33)
Control group 60 26 (43.33) 20 (33.33) 14 (23.33) 46 (76.67)
χ2 6.536
P 0.011

Table 3. Comparison of blood lipid indicators between the two groups of patients (
_
x±s)

Group N
TG (mmol/L) LDL-C (mmol/L) HDL-C (mmol/L)

Before 
treatment

After  
treatment

Before  
treatment

After  
treatment

Before 
treatment

After  
treatment

Experimental Group 60 2.83±0.65 1.21±0.36 4.47±0.51 1.25±0.27 0.73±0.14 1.73±0.41
Control group 60 2.63±0.58 1.73±0.45 4.58±0.67 1.59±0.32 0.63±0.11 1.43±0.33
t 0.447 3.933 0.332 3.425 0.951 3.587
P 0.678 0.001 0.784 0.004 0.396 0.003
TG, triglycerides; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol.

terms of cardiac function indicators (LVEF, car-
diac output, LVEDD, left atrial diameter, and 
6MWT) (t=1.526, P=0.024; t=4.366, P=0.000; 
t=3.336, P=0.004; t=3.874, P=0.001; t=4.876, 
P=0.000). See Table 4.

Comparison of renal function between two 
groups of patients

Before treatment, there were no statistically 
significant differences in any renal function 
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indicators between the two groups (all P>0.05). 
After treatment, all renal function indicators 
(BUN, Cr, serum potassium, serum sodium, ur- 
ine β2-MG and urine CysC) in the experimental 
group were superior to those in the control 
group (t=5.176, P=0.000; t=3.982, P=0.001; 
t=2.908, P=0.013; t=2.458, P=0.023; t=4.875, 
P=0.000; t=4.045, P=0.001). See Table 5.

Comparison of oxidative stress response

Before treatment, there were no statistically 
significant differences in any oxidative stress 
response indicators between the two groups 
(all P>0.05). After treatment, all oxidative str- 
ess response indicators (SOD, MDA and NO) in 
the experimental group were superior to those 
in the control group. SOD and NO were signifi-
cantly upregulated, while MDA was significant- 
ly downregulated (t=3.725, P=0.005; t=5.787, 
P=0.000; t=5.295, P=0.000). See Table 6.

Comparison of MACE

Six major adverse cardiovascular events oc- 
curred in the experimental group, while 16 
occurred in the control group. The difference 
between the two groups was statistically sig-
nificant (χ2=5.566, P=0.018). See Table 7.

Univariate analysis of the incidence of MACE in 
the two groups revealed that body mass index, 
use of sacubitril/valsartan, TG, LDL-C, HDL-C, 
LVEF, LVEDD, Cr, BUN, β2-MG, were indepen-
dent influencing factors for the occurrence of 
MACE in CRS patients. See Table 8.

Discussion

CRS refers to a clinical syndrome in which 
acute or chronic functional impairment of ei- 
ther the heart or kidney leads to secondary 
acute or chronic functional impairment of the 
other organ through pathophysiological con-
nection [5]. The risk of death from CRS is high-
er than that from simple heart failure or kidney 
failure. The pathogenesis of CRS is relatively 
complex [6, 7]. Currently, the most widely ac- 
cepted pathogenesis of CRS mainly includes 
excessive excitation of the sympathetic ner-
vous system (SNS), excessive activation of the 
renin-angiotensin-aldosterone system (RAAS), 
hemodynamic disturbances, inflammatory res- 
ponse, oxidative stress, anemia, and abnormal 
molecular signaling pathways [8]. In patients 
with heart failure, weakened myocardial con-

tractility and reduced cardiac output lead to a 
decrease in effective circulating blood volume 
and insufficient renal perfusion. This in turn 
leads to renal ischemia and hypoxia and reflex-
ively activates the RAAS to enhance vasocon-
striction and sodium and water reabsorption, 
protecting the perfusion of vital organs [9]. 
However, long-term excessive activation of the 
RAAS leads to continuous secretion of renin, 
angiotensin, and aldosterone, which easily ca- 
uses sodium and water retention, strong sys-
temic vasoconstriction, and decreased glomer-
ular filtration rate. At the same time, this can 
lead to increased release of inflammatory fac-
tors, oxidative stress and activation of neuro-
hormones, ultimately causing structural and 
functional damage to the heart and kidneys, 
mainly manifested as irreversible myocardial 
remodeling and renal fibrosis [10]. Therefore, 
the main treatment principle for CRS is to im- 
prove cardiac and renal function and prevent 
complications.

Sacubatril and valsartan are dual inhibitors of 
the RAAS, mainly composed of two drug com-
ponents. Sacubitril can block the activity of 
endorphinase, reduce the degradation capacity 
of vascular peptides, promote sodium excre-
tion and vasodilation; while valsartan can eff- 
ectively inhibit the RAAS, reduce myocardial 
oxygen consumption and inhibit myocardial 
contraction, thereby effectively protecting car-
diac function. The combined use of the two has 
a dual-target regulatory effect [11]. Ivabradine 
is an I(f) channel inhibitor that can selectively 
block the If current of the F-channel, slow down 
the depolarization rate of the sinoatrial node 
during diastole, reduce heart rate, thereby 
reducing myocardial oxygen consumption, in- 
creasing coronary blood flow during diastole, 
improving myocardial ischemia and enhancing 
cardiac function. Ivabradine has no effect on 
other channels of the cardiovascular system 
and has no adverse effects on blood pressure, 
atrioventricular conduction time, ventricular re- 
polarization and myocardial contractility [12]. 
Previous reports have indicated that the com-
bined use of sacubitril/valsartan and ivabrad- 
ine has significant efficacy in patients with 
heart failure. For example, Lee et al. [13] found 
that compared with sequential use of sacubi-
tril/valsartan and ivabradine, simultaneous 
use of these two drugs can better achieve left 
ventricular remodeling, improve hemodynamic 
stability, and reduce future cardiovascular mor-



Drug treatment for patients with cardiorenal syndrome

3206	 Am J Transl Res 2026;18(4):3201-3210

Table 4. Comparison of cardiac function between two groups of patients (
_
x±s)

Group n
LVEF (%) Cardiac output (L/min) LVEDD (mm) Left atrial diameter (mm) 6-min walking test 6MWT (m)

Before  
treatment

After  
treatment

Before  
treatment

After  
treatment

Before  
treatment

After  
treatment

Before  
treatment

After  
treatment

Before  
treatment

After  
treatment

Experimental Group 60 34.52±4.87 38.93±6.25 3.17±0.15 5.04±0.25 67.83±5.52 48.53±4.14 44.35±4.25 33.04±3.35 225.42±12.39 383.56±14.29
Control group 60 34.11±5.06 36.22±5.46 3.11±0.13 4.22±0.12 68.04±5.69 55.87±5.03 44.49±3.87 37.65±3.04 227.12±11.89 317.88±13.26
t 0.138 1.526 0.437 4.366 0.179 3.336 0.552 3.874 0.433 4.876
P 0.872 0.024 0.688 0.000 0.802 0.004 0.436 0.001 0.647 0.000
LVEF, Left ventricular ejection fraction; LVEDD, left ventricular end-diastolic diameter.

Table 5. Comparison of renal function between two groups of patients (
_
x±s)

Group n
BUN (mmol/L) Cr (μmol/L) Serum potassium (mmol/L) Serum sodium (mmol/L) Urine β2-MG (mg/L) Urine CysC (mg/L)

Before  
treatment

After  
treatment

Before 
treatment

After  
treatment

Before  
treatment

After  
treatment

Before  
treatment

After  
treatment

Before  
treatment

After  
treatment

Before 
treatment

After  
treatment

Experimental Group 60 11.37±2.33 5.23±0.28 95.88±7.32 74.87±5.14 3.54±0.82 4.13±0.93 131.82±7.52 142.36±6.58 14.83±2.15 4.38±1.62 4.72±1.32 1.84±0.59

Control group 60 11.62±2.24 8.07±0.31 95.51±6.47 81.34±6.88 3.72±0.91 3.83±0.78 133.52±8.13 138.55±6.86 14.32±2.41 7.58±2.06 4.53±1.08 2.73±0.71

t 0.428 5.176 0.026 3.982 0.412 2.908 0.718 2.458 0.633 4.875 0.453 4.045

P 0.694 0.000 0.957 0.001 0.792 0.013 0.512 0.023 0.582 0.000 0.682 0.001
BUN, urobilinogen; Cr, creatinine; β2-MG, β2-microglobulin; CysC, cystatin C.
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Table 6. Comparison of oxidative stress response between two groups of patients (
_
x±s)

Group n

Superoxide  
dismutase SOD (U/mL)

Malondialdehyde  
MDA (mmol/L) Nitric oxide NO (μmol/L)

Before  
treatment

After  
treatment

Before  
treatment

After  
treatment

Before  
treatment

After  
treatment

Experimental Group 60 34.59±3.77 62.89±6.32 211.83±15.82 129.63±12.36 25.72±3.14 46.73±4.54
Control group 60 35.13±3.52 48.13±5.62 208.56±17.59 163.47±15.22 26.78±2.67 35.28±3.89
t 0.269 3.725 0.856 5.787 0.214 5.295
P 0.638 0.005 0.413 0.000 0.655 0.000
SOD, Superoxide dismutase; MDA, malondialdehyde; NO, nitric oxide.

Table 7. Comparison of MACE occurrence in two groups of patients (n, %)

Group n Refractory  
angina Arrhythmias New onset 

heart failure Readmission Cardiac  
death

Overall 
incidence

Experimental Group 60 2 (3.33) 0 1 (1.67) 3 (3.33) 0 6 (10.00)
Control group 60 4 (6.67) 3 (5.00) 2 (3.33) 6 (10.00) 1 (1.67) 16 (26.67)
χ2 5.566
P 0.018
MACE, major adverse cardiovascular events.

Table 8. Univariate analysis of factors related to the occurrence of adverse cardiovascular events 
MACE (

_
x±s, n)

Data and indicators classification MACE group  
(22 cases)

Non-MACE group 
(98 cases) χ2 P

Age of the data (years) 65.07±7.85 65.64±8.39 0.736 0.518
Gender (male/female) 12/10 46/52 0.416 0.519
Body mass index Overweight or obese 17 52 4.310 0.038

normal 5 46
Whether to use sacubitril/valsartan Yes 7 58 5.420 0.020

No 15 40
Improved TG levels Yes 8 62 5.350 0.021

No 14 36
Improvement of LDL-C levels Yes 3 66 21.213 0.000

No 19 32
Improved HDL-C levels Yes 5 64 13.333 0.000

No 17 34
Whether LVEF level improves Yes 6 66 12.021 0.000

No 16 32
Whether LVEDD levels have improved Yes 5 70 18.182 0.000

No 17 28
Whether the Cr level improves Yes 7 72 13.862 0.000

No 15 26
Is the BUN level improving Yes 10 82 14.673 0.000

No 12 16
Whether β2-MG levels improve Yes 4 78 31.307 0.000

No 18 20
LVEF, Left ventricular ejection fraction; LVEDD, left ventricular end-diastolic diameter; TG, triglycerides; LDL-C, low-density 
lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; Cr, creatinine; BUN, urobilinogen; β2-MG, β2-microglobulin; 
MACE, major adverse cardiovascular events.
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tality and readmission rates. To explore the  
efficacy of sacubitril/valsartan combined with 
ivabradine in the treatment of CRS, this study 
retrospectively analyzed the clinical data of 
120 patients with CRS, and found that the com-
bined use of the drugs had better clinical effi-
cacy than sacubitril/valsartan alone, as de- 
tailed below.

The results of this study showed that the lipid 
profiles (TG, LDL-C and HDL-C) of the experi-
mental group were better than those of the 
control group after treatment. This result indi-
cates that the addition of ivabradine to sacubi-
tril/valsartan can improve the lipid metabo- 
lism level of patients. The reason may be that 
ivabradine achieves this effect by reducing 
heart rate, reducing sympathetic nerve excit-
ability, and improving insulin resistance, there-
by further improving the lipid profile [14]. Of 
course, this hypothesis needs more evidence 
to support it.

In this study, we focused on observing the car-
diac and renal functions of the two groups of 
patients after treatment. The results showed 
that all cardiac function indicators of the two 
groups of patients improved significantly after 
treatment. The LVEF, cardiac output, and 6MWT 
of the experimental group were higher than 
those of the control group, while the LVEDD and 
left atrial diameter were lower than those of  
the control group. In addition, all renal function 
indicators of the two groups of patients also 
improved significantly. The serum potassium 
and serum sodium levels of the experimental 
group were higher than those of the control 
group, while the BUN, Cr, urine β2-MG and urine 
CysC were lower than those of the control 
group. This indicates that sacubitril/valsartan 
combined with ivabradine can effectively im- 
prove cardiac and renal function in CRS pa- 
tients. From the perspective of drug mecha-
nism of action, sacubitril/valsartan is a combi-
nation drug containing the angiotensin receptor 
antagonist valsartan and the neprilysin inhibi-
tor sacubitril. This drug exerts its therapeutic 
effect through two different mechanisms: val-
sartan inhibits angiotensin II receptors, helping 
to dilate blood vessels, lower blood pressure, 
and reduce cardiac workload; while sacubitril 
inhibits the breakdown of neuropeptides by 
neprilysin, increasing the level of natriuretic 
peptides in the body, helping to promote diure-
sis and antidiuresis, and reducing edema sy- 

mptoms in patients with heart failure [15, 16]. 
Ivabradine improves cardiac systolic function 
and stabilizes hemodynamics by reducing myo-
cardial oxygen consumption and enhancing 
coronary blood flow, thereby alleviating myocar-
dial ischemia. This process helps to reduce  
systemic fluid retention, reduce venous con-
gestion, and increase glomerular filtration  
rate, thereby improving renal function [17]. 
Therefore, the combined use of the two drugs 
synergistically enhances cardiac and renal 
function through a dual mechanism of “optimiz-
ing neuroendocrine regulation” and “improving 
cardiac mechanical efficiency”.

Inflammatory responses are involved in the 
entire process of cardiovascular and renal dis-
ease development [18]. Studies have shown 
that activation of the RAAS, increased exci- 
tability of the SNS, and inflammatory respons-
es can lead to oxidative stress damage in 
patients with heart and/or kidney dysfunction; 
the heart and kidneys contain a large number 
of mitochondria, and an imbalance between 
NO and reactive oxygen species can cause vas-
cular endothelial dysfunction and mitochondri-
al DNA damage, which in turn leads to the pro-
gression of CRS [19]. In this study, after treat- 
ment, the experimental group showed better 
results than the control group in all oxidative 
stress response indicators. SOD and NO were 
significantly upregulated, while MDA was signifi-
cantly downregulated. The possible mechanism 
is that sacubitril/valsartan alleviates oxidative 
stress damage by blocking angiotensin II and 
inhibiting the aldosterone system [20]. Basic 
research has shown that sacubitril/valsartan 
can protect cardiomyocytes in a rat model of 
heart failure through the endoplasmic reticu-
lum stress pathway of cardiomyocytes [21]. The 
literature also reports that sacubitril/valsartan 
can reduce the degree of oxidative stress in 
patients with congestive heart failure by inhibit-
ing the excitability of the SNS [22]. Ivabradine 
can reduce heart rate, prolong diastole, and 
increase coronary blood flow, thereby enhanc-
ing the body’s antioxidant capacity, reducing 
the release of oxygen free radicals, and exert-
ing an antioxidant stress effect; ivabradine also 
has multiple effects such as being anti-inflam-
matory, improving endothelial function, and 
inhibiting ventricular remodeling [23]. MACE 
events are an important indicator for evaluat- 
ing the clinical efficacy of cardiorenal syndrome 
[24]. In this study, 3 cases of MACE occurred in 
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the experimental group and 8 cases occurred 
in the control group. Overall, the results were 
good. However, the effect in the experimental 
group was more significant. This indicates that 
the combined use of the two drugs significant- 
ly improved the patients’ cardiorenal function 
and further reduced the occurrence of MACE 
events, demonstrating the safety of the com-
bined use. This is consistent with the results of 
Lee’s study [13].

In conclusion, the results of this study indi- 
cate that sacubitril/valsartan combined with 
ivabradine can improve clinical outcomes in  
the treatment of CRS. It is believed that sacubi-
tril/valsartan combined with ivabradine may 
exert a beneficial cardiorenal protective effect 
through multiple pathways, such as synergistic 
inhibition of the RAAS and SNS, lowering blood 
pressure, improving vascular endothelial func-
tion, and reducing oxidative stress. This can 
further promote the improvement of patients’ 
clinical symptoms and signs and improve the 
overall treatment effect. However, due to the 
limited sample size and short patient follow-up 
period in this study, the depth of the research 
needs to be enhanced, and more objective evi-
dence needs to be provided.
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