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The e�cacy and safety of
Sacubitril/Valsartan on
pulmonary hypertension in
hemodialysis patients

Cong Zhao, Yanhong Guo, Yulin Wang, Liuwei Wang, Lu Yu,

Yan Liang, Zihan Zhai and Lin Tang*

Department of Nephrology, First A�liated Hospital of Zhengzhou University, Zhengzhou, China

Background: Pulmonary hypertension (PH) is a common complication

of end-stage renal disease which is associated with adverse outcomes

including all-cause mortality and cardiovascular events. Recent studies have

demonstrated that Sacubitril/Valsartan (Sac/Val) as an enkephalinase inhibitor

and angiotensin II receptor blocker could reduce pulmonary artery systolic

pressure (PASP) and improve the prognosis of patients with heart failure.

However, whether Sac/Val is e�ective in hemodialysis (HD) patients with PH

is essentially unknown. In this retrospective study, we aimed to evaluate the

e�cacy and safety of Sac/Val in the treatment of PH in HD patients.

Methods: A total of 122 HD patients with PH were divided into Sac/Val group

(n = 71) and ARBs group (n = 51) based on the treatment regimen. The

PASP, other cardiac parameters measured by echocardiography, and cardiac

biomarkers including N-terminal fragment of BNP (NT-proBNP) and cardiac

troponin I (cTnI) were observed at baseline and 3 months after treatment.

Results: There were no significant di�erences in the baseline characteristics

between the two groups. PASP decreased significantly from45(38, 54) to 28(21,

40) mmHg in Sac/Val group (p < 0.001). PASP reduced from 41(37, 51) to

34(27, 44) mmHg in ARBs group (p < 0.001), and the decrease was more

pronounced in the Sac/Val group (p < 0.001). In addition, improvements in

the right atrial diameter (RAD), left ventricular diameter (LVD), left ventricular

posterior wall thickness (LVPWT), left atrial diameter (LAD), pulmonary artery

diameter (PAD), left ventricular end-diastolic volume (LVEDV), left ventricular

end-systolic volume (LVESV), left ventricular ejection fraction (LVEF), and

fractional shortening (FS) were found in Sac/Val group (ps < 0.05). After

3 months, LVD, LAD, LVEDV, LVESV, LVEF, SV, and PASP were significantly

improved in Sac/Val group compared with ARBs group (ps <0.05). Significant

reduction in NT-proBNP [35,000 (15,000, 70,000) pg/ml vs. 7,042 (3,126,

29,060) pg/ml, p < 0.001] and cTnI [0.056(0.031, 0.085) ng/ml vs. 0.036 (0.012,

0.056) ng/ml, p < 0.001) were observed in Sac/Val group. No significant

di�erences were observed in adverse events between the two groups (ps

> 0.05).

Conclusion: Sac/Val seems to be an e�cacious regimen in PH with favorable

safety and has huge prospects for treating PH in HD patients.
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Introduction

Pulmonary hypertension (PH) is a pathophysiological

condition characterized by abnormally elevated pulmonary

arterial pressure caused by a variety of causes, and its

occurrence and development are closely related to pulmonary

vascular remodeling. Current evidence suggests that the

incidence of PH in patients undergoing hemodialysis (HD)

ranges from 19 to 69% (1). Several risk factors including

volume overload, arteriovenous fistula, congestive heart failure,

endothelial dysfunction, renal anemia, and metabolic disorders

are implicated in PH among HD patients (2–4).

Serious PH leads to right ventricular failure and death. Right

ventricular failure is the leading cause of death, accounting for

70% patients with PH with 33–38% mortality rate 3 years post

diagnosis (5). PH is associated with an increased risk of all-cause

mortality among HD patients. A meta-analysis of 7,112 patients

showed that the risk of all-cause death in HD patients with PH

was 2.3 times higher than those without PH (6, 7).

The conventional drugs for the treatment of PH mainly

target pulmonary vasodilation, including endothelial receptor

antagonists, phosphordiesterase inhibitors, and prostacyclin

agonists (8). Pulmonary vasodilators cannot effectively control

the progression of PH, although they can improve the clinical

symptoms. Moreover, the use of pulmonary vasodilators is

limited due to the high incidence of heart failure in HD patients.

Further innovations are desperately needed in the treatment

of PH.

Christof Burgdorf et al. had found that Sacubitril/Valsartan

(Sac/Val) improved PH in patients with heart failure with

preserved ejection fraction (HFpEF) (9). However, no studies

on the role of Sac/Val in HD patients with PH were reported

at present. In this retrospective study, we evaluated the effects of

Sac/Val on PH in HD patients for the first time, so as to hope to

provide a theoretical basis for the treatment of PH.

Materials and methods

This is a retrospective single-center study. Seventy-one

HD patients with PH using Sac/Val were enrolled from The

First Affiliated Hospital of Zhengzhou University from June

2019 to December 2021. As a control group, we collected 51

HD patients with PH receiving angiotensin II type 1 receptor

blockers (ARBs) at the same time. All patients enrolled met

the following inclusion criteria: I. All patients were older than

18 years; II. All patients were diagnosed as PH (10); III. All

patients accepted HD for more than 3 months and three

times a week for 4 h according to Kidney Disease Outcomes

Quality Initiative (KDOQI) (11); IV. All patients enrolled

completed 3 months of follow up and had complete clinical

data. Patients who met the following exclusion criteria were not

included in this study: I. Patients were with cardiopulmonary

TABLE 1 Clinical characteristics of patients at baseline.

Characteristics Sac/Val

(n = 71)

ARBs

(n = 51)

P-value

Sex (n) 0.610

Male 45 (63%) 30 (59%)

Female 26 (37%) 21 (41%)

Age (y) 49.13± 15.40 46.80± 12.25 0.408

SBP (mmHg) 150 (136, 160) 152 (133, 167) 0.712

DBP (mmHg) 86 (78, 97) 89 (80, 96) 0.745

Dialysis access (n) 0.541

A-V fistula 36 (51%) 23 (45%)

Long term CVC 35 (49%) 28 (55%)

Duration of

dialysis (m)

21 (12, 39) 24 (12, 36) 0.848

RRF (n) 0.409

Yes 36 (50.7%) 22 (43.1%)

No 35 (49.3%) 29 (56.9%)

Self-reported

history (n)

Hypertension 69 (97%) 48 (94%) 0.704

Diabetes 17 (24%) 13 (25%) 0.845

CAD 13 (18%) 8 (16%) 0.705

Atrial fibrillation 7 (10%) 4 (8%) 0.950

Hb (g/L) 95.48± 22.66 91.08± 25.82 0.320

HCT (%) 0.29± 0.07 0.28± 0.08 0.250

Serum potassium

(mmol/L)

4.47 (3.97, 5.24) 4.54 (4.18, 4.87) 0.850

Serum calcium

(mmol/L)

2.16± 0.27 2.13± 0.23 0.485

Serum phosphorus

(mmol/L)

1.85 (1.41, 2.35) 1.97 (1.34, 2.44) 0.518

Serum albumin (g/L) 38.50± 5.47 37.75± 6.47 0.490

PTH (pg/ml) 310 (204, 400) 275 (140, 451) 0.252

Sac/Val, Sacubitril/Valsartan; ARBs, Angiotensin receptor blockers; A-V fistula, arterio-

venous fistula; SBP, systolic blood pressure; DBP, diastolic blood pressure; CVC, central

venous catheter; RRF, residual renal function; CAD, coronary heart disease; Hb,

hemoglobin; HCT, hematocrit; PTH, parathyroid hormone.

diseases including obstructive sleep apnea, rheumatic heart

disease, chronic obstructive pulmonary disease, lung cancer, and

myocardial infarction; II. Patients were with connective tissue

diseases, including systemic lupus erythematosus and Sjogren

syndrome; III. Patients had problems including inadequate

dialysis, hemodynamic instability, and volume overload. IV.

Patients were in acute phase of infection or heart failure;

IV. Patients were unable to take medication regularly; V.

Patients were allergic to pharmaceutical ingredients. This

study was reviewed and approved by The First Affiliated

Hospital of Zhengzhou University Ethics Review Committee

(2022-KY-1156). Written informed consent for participation
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TABLE 2 Echocardiographic parameters and cardiac biomarkers at

baseline in two groups.

Parameters Sac/Val

(n = 71)

ARBs

(n = 41)

P-value

RVD (mm) 17 (16, 19) 16 (15, 18) 0.115

RAD (mm) 40 (33, 45) 37 (34, 43) 0.366

LVD (mm) 54 (50, 58) 52 (47, 58) 0.094

LVPWT (mm) 11 (10, 13) 10 (9, 11) 0.983

LAD (mm) 54 (50, 58) 39 (36, 44) 0.113

PAD (mm) 21 (20, 22) 20 (20, 22) 0.243

LVEDV (ml) 144 (118, 183) 129 (111, 149) 0.079

LVESV (ml) 63 (45, 85) 51 (42, 71) 0.053

LVEF (%) 60 (50, 64) 61 (55, 64) 0.225

SV (ml) 83 (68, 97) 74 (65, 92) 0.098

FS (%) 31 (26, 35) 33 (29,35) 0.155

PASP (mmHg) 45 (38, 54) 41 (37, 51) 0.105

NT-proBNP

(pg/ml)

35,000 (15,000,

70,000)

33,754 (15,000,

42,832)

0.413

cTnI (ng/ml) 0.056 (0.031,

0.085)

0.056 (0.014,

0.085)

0.514

RVD, right ventricular diameter; RAD, right atrial diameter; LVD, left ventricular

diameter; LVPWT, left ventricular posterior wall thickness; LAD, left atrial diameter;

PAD, pulmonary artery diameter; LVEDV, left ventricular end-diastolic volume; LVESV,

left ventricular end-systolic volume; LVEF, left ventricular ejection fraction; SV, stroke

volume; FS, fractional shortening; PASP, pulmonary artery systolic pressure; NT-proBNP,

N-terminal fragment of BNP; cTnI, cardiac troponin I.

was not required for this study in accordance with the national

legislation and the institutional requirements.

All patients received basic treatments including controlling

blood pressure, regulating electrolyte disturbance, and rectifying

anemia. A low dose of Sac/Val and ARBs were initiated and

titrated gradually to the highest tolerated dose determined by

the physician in charge to maintain hemodynamic stability. The

median dose of Sac/Val prescribed was 100mg twice daily. The

blood flow was kept between 200 and 300 mL/min depending on

vascular access conditions of the patients.

Patient demographic characteristics such as sex, age, dialysis

way, duration of dialysis, residual renal function (RRF),

and self-reported history were collected. Echocardiographic

parameters and cardiac biomarkers such as N-terminal fragment

of BNP (NT-proBNP) and cardiac troponin I (cTnI) were

evaluated at baseline and follow-up. Pulmonary artery systolic

pressure (PASP) >35 mmHg measured by echocardiography

is diagnosed as PH (10). Echocardiography was finished

within 24 h of the completion of dialysis by two experienced

sonographers from our hospital independently. Adverse events

were recorded during the 3-month follow-up. The 24-h urine

volume was collected to estimate the RRF of hemodialysis

patient (12). Participants in two groups were divided respectively

depending on presence of RRF, which was defined as a 24-h

TABLE 3 Echocardiographic parameters and cardiac biomarkers at

baseline and follow-up in two groups.

Parameters Baseline Follow-up P-value

RVD (mm)

Sac/Val 17 (16, 19) 16 (16, 18) 0.385

ARBs 16 (15, 18) 17 (16, 18) 0.087

RAD (mm)

Sac/Val 40 (33, 45) 35 (32, 43) 0.038

ARBs 37 (34, 43) 35 (32, 44) 0.904

LVD (mm)

Sac/Val 54 (50, 58) 52 (47, 55) <0.001

ARBs 52 (47, 58) 51 (47, 57) 0.705

LVPWT (mm)

Sac/Val 11 (10, 13) 11 (9, 12) 0.009

ARBs 10 (9, 11) 12 (10, 13) 0.691

LAD (mm)

Sac/Val 41 (37, 46) 38 (31, 43) <0.001

ARBs 39 (36, 44) 39 (34, 44) 0.466

PAD (mm)

Sac/Val 21 (20, 22) 20 (20, 22) 0.029

ARBs 20 (20, 22) 20 (20, 22) 0.451

LVEDV (ml)

Sac/Val 144 (118, 183) 130 (102, 149) 0.003

ARBs 129 (111, 149) 131 (103, 167) 0.746

LVESV (ml)

Sac/Val 63 (45, 85) 50 (37, 60) <0.001

ARBs 51 (42, 71) 44 (36.5, 62.5) 0.571

LVEF (%)

Sac/Val 60 (50, 64) 63 (60, 64) <0.001

ARBs 61 (55, 64) 63 (57, 64) 0.322

SV (ml)

Sac/Val 83(68,97) 77 (64, 92) 0.072

ARBs 74 (65, 92) 76 (66, 90) 0.297

FS (%)

Sac/Val 31 (26, 35) 34 (32, 35) 0.001

ARBs 33 (29, 35) 34 (31, 35) 0.278

PASP (mmHg)

Sac/Val 45 (38, 54) 28 (21, 40) <0.001

ARBs 41 (37, 51) 34 (27, 44) <0.001

NT-proBNP (pg/ml)

Sac/Val 35,000 (15,000,

70,000)

7,042 (3,126,

29,060)

<0.001

ARBs 33,754 (15,000,

42,832)

18,862 (7,260,

35,000)

0.047

cTnI (ng/ml)

Sac/Val 0.056 (0.031,

0.085)

0.036 (0.012,

0.056)

<0.001

ARBs 0.056 (0.014,

0.085)

0.027 (0.012,

0.047)

0.003
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urine sample volume of ≥ 100ml. Hyperkalemia is defined with

a serum potassium level > 5.5 mmol/L. Blood pressure below

90/60 mmHg is diagnosed as hypotension.

Statistical analysis was performed with SPSS 24.0 (SPSS

Inc., Chicago, IL, USA). Continuous variables were expressed

as means ± standard deviation. Categorical variables were

expressed as counts and percentages. Continuous variables were

compared by Kruskal-Wallis test or T-test, while categorical

variables were compared by chi-square tests or Fisher’s exact

tests as appropriate. The pre- and post-treatment comparisons

within the same group were performed via paired sample t-test

or Wilcoxon signed ranks test. All probabilities were two-tailed,

and the significance level was set at 0.05.

Results

Baseline characteristics between the two
groups

A total of 122 HD patients were identified as having PH.

The mean age of the patients treated with Sac/Val was 49.13

± 15.40 years with a male/female ratio of 45/26. The age

of the patients treated with ARBs was 46.80 ± 12.25 years

with a male/female ratio of 30/21. Duration of dialysis of the

participants was 21 (12, 39) months in Sac/Val group and 24

(12, 36) months in ARBs group. No significant differences were

identified in age, sex, duration of dialysis, dialysis access, systolic

blood pressure, diastolic blood pressure, RRF, or self-reported

history between the two groups. Comparison of laboratory data

and echocardiographic characteristics between the two groups

were summarized in Tables 1, 2. There were no differences

in laboratory data including hemoglobin, hematocrit, serum

potassium, serum calcium, serum phosphorus, serum albumin,

and parathyroid hormone between the Sac/Val and ARBs

groups (Table 1). Pulmonary artery systolic pressure (PASP)

of the patients was 45 (38, 54) mmHg in the Sac/Val group

and 41 (37, 51) mmHg in the ARBs group. No significant

differences were noted in terms of right ventricular diameter

(RVD), right atrial diameter (RAD), left ventricular diameter

(LVD), left ventricular posterior wall thickness (LVPWT), left

atrial diameter (LAD), pulmonary artery diameter (PAD),

left ventricular end-diastolic volume (LVEDV), left ventricular

end-systolic volume (LVESV), left ventricular ejection fraction

(LVEF), stroke volume (SV), fractional shortening (FS), PASP,

NT-proBNP, and cTnI (Table 2).

The pre- and post-treatment
comparisons within the same group

From baseline to the end of follow-up, PASP was

significantly reduced in Sac/Val group, starting from 45 (38, 54)

TABLE 4 Changes of echocardiographic parameters and cardiac

biomarkers in two groups.

Parameters Sac/Val

(n = 71)

ARBs

(n = 41)

P-value

RVD (mm) 0 (−3, 2) 1 (−1, 2) 0.101

RAD (mm) −2 (−8, 5) 1 (−7, 6) 0.241

LVD (mm) −2.72± 5.33 −0.22± 7.01 0.048

LVPWT (mm) −0.4 (−2, 1) 0 (−1, 1) 0.172

LAD (mm) −3.65± 6.85 −0.59± 5.71 0.010

PAD (mm) 0 (−2, 1) 0 (−2, 1) 0.305

LVEDV (ml) −15 (−38, 9) 3 (−23, 27) 0.019

LVESV (ml) −12.34± 25.01 −1.37± 23.49 0.032

LVEF (%) 3 (−2, 10) 0 (−3, 5) 0.039

SV (ml) −5.41± 24.16 3.8± 23.37 0.037

FS (%) 1 (−1, 7) 1 (−2, 3) 0.141

PASP (mmHg) −15 (−21,−9) −8 (−16, 2) <0.001

NT-proBNP

(pg/ml)

−16,725

(−42,370,−622)

−6,023

(−26,494, 8,866)

0.023

cTnI (ng/ml) −0.015

(−0.051, 0)

−0.028

(−0.067, 0.003)

0.928

mmHg reduced to 28 (21, 40) mmHg at 3 months follow-up

(p < 0.001). PASP was reduced from 41 (37, 51) mmHg at

baseline to 34 (27, 44) mmHg at 3 months follow-up in

ARBs group (p < 0.001). There were significant differences in

NT-proBNP [35,000 (15,000, 70,000) vs. 7,042 (3,126, 29,060)

pg/ml, p < 0.001] and cTnI [0.056 (0.031, 0.085) vs. 0.036

(0.012, 0.056) ng/ml, p < 0.001) between baseline and 3 months

follow-up in the Sac/Val group, and a similar phenomenon was

observed in ARBs group. At 3 months follow-up, improvements

in RAD, LVD, LVPWT, LAD, PAD, LVEDV, LVESV, LVEF,

and FS were observed in Sac/Val group compared to baseline

(p= 0.038, p< 0.001, p= 0.009, p< 0.001, p= 0.029, p= 0.003,

p < 0.001, p < 0.001, p = 0.001, respectively). Improvements in

RAD, RVD, LVD, LVPWT, LAD, PAD, LVEDV, LVESV, LVEF,

SV and FS were not found in ARBs group (Table 3).

Di�erences between the two groups
after treatment

The level of PASP was significantly lower in the Sac/Val

group compared to the ARBs group at the end of follow-up. It

showed that there were significant differences in the change of

LVD, LAD, LVEDV, LVESV, LVEF, SV, PASP and NT-proBNP

between the two groups (p = 0.048, p = 0.010, p = 0.019,

p = 0.032, p = 0.039, p = 0.037, p < 0.001, p = 0.023,

respectively). After 3 months, the patients in Sac/Val group had

a higher LVEF. Significant differences in the change of RVD,

RAD, LVPWT, PAD, and FS were not observed between the
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TABLE 5 Adverse events during 3 months of follow-up.

Sac/Val

(n = 71)

ARBs

(n = 51)

P-value

Hyperkalemia (n) 9 (12.7%) 6 (11.8%) 0.880

Hypotension (n) 6 (8.5%) 4 (7.8%) >0.999

Tussiculation (n) 0 0

Angioedema (n) 0 0

Dizziness (n) 2 (2.8%) 1 (2.0%) >0.999

Hepatic dysfunction (n) 0 1 (2.0%) 0.418

Total (n) 17 (24.0%) 12 (23.5%) 0.661

Sac/Val and ARBs groups (ps>0.05). This study showed that

cTnI decreased significant in both groups, but no difference in

the level of cTnI was observed between the two groups (Table 4).

Adverse events

Hyperkalemia was observed in 9 patients (12.7%) of the

Sac/Val group, and in 6 patients (11.8%) of the ARBs group

(p= 0.880). Six patients (8.5%) had hypotension and 2 patient

(2.8%) had dizziness in Sac/Val group, while 4 patient (7.8%)

had hypotension and 1 patient (2.0%) had dizziness in ARBs

group. None of the patients enrolled referred tussiculation and

angioedema symptoms. One case of hepatic dysfunction was

reported in ARBs group. In total, 17 patients (24.0%) in Sac/Val

group and 12 patients (23.5%) in ARBs group suffered an

adverse event. There were no significant differences in the overall

incidence of adverse events between the two groups (p= 0.661).

None of the enrolled patients discontinued the treatment due to

adverse effects (Table 5).

Discussion

Sac/Val is approved for hypertension and chronic heart

failure with reduced ejection fraction. We unexpectedly found

that Sac/Val reduced PASP among HD patients with PH in

clinical work. Meanwhile, several studies showed a decrease of

PASP in chronic heart failure patients with PH (9, 13), but no

studies had demonstrated its role in HD patients. Therefore, we

conducted the first study to explore the role of Sac/Val in HD

patients with PH.

PASP can be measured by the right-heart catheterization

accurately. However, right-heart catheterization is not

suitable for screening and retesting due to its invasiveness.

Echocardiography is convenient, non-invasive and relatively

reliable for evaluating PH. Moreover, it provides key

information to assess the heart structure and function.

Eduardo Bossone et al. found that tricuspid regurgitation

peak velocity had a high linear positive correlation with PASP

measured at right-heart catheterization, the sensitivity of

echocardiography in estimating PASP for detecting pulmonary

hypertension ranges from 0.79 to 1.00 and specificity from 0.6

to 0.98 (14, 15).

Severe PH is manifested as chest tightness, dyspnea and

other symptoms of right heart failure, which seriously affects

the life quality and prognosis of patients. Multiple studies

have confirmed that PH is associated with a significantly

increased risk of death and cardiovascular events in ESRD,

and ESRD patients on hemodialysis have a higher risk than

patients with CKD stages 1–5 (7). The drugs currently

approved for the treatment of PH are predominantly

pulmonary vasodilators. However, they may reduce the

compliance of left ventricular and increase volume overload.

Due to the high incidence of left heart failure, pulmonary

vasodilators are not indicated for most patients undergoing

HD. There is still a lack of effective treatment measure

for PH.

The pathogenesis of PH in HD patients has not been fully

elucidated. At present, it was believed that chronic hypoxia

contributes to pulmonary artery constriction and pulmonary

vascular remodeling in PH (16). In addition, uremia is a

chronic inflammatory disease with endothelial dysfunction.

Serum levels of cytokines including IL-1β, TNF-α, and IL-6 were

elevated in PH patients undergoing HD. Tung-Min Yu et al.

considered that chronic inflammation might play an important

role in the pathogenesis of PH in HD patients (17, 18). The

arteriovenous fistula is the accessmethod of choice for long-term

hemodialysis, arteriovenous fistulas were all formed by end-to-

side anastomosis between the cephalic vein and radial artery in

this study. Available evidence indicates that arteriovenous fistula

provides the foundation for the emergence and progression

of PH by reducing systemic vascular resistance, increasing

venous blood flow, and enhancing cardiac output (19, 20).

Some researchers believed that secondary hyperparathyroidism

is a cause of PH in HD patients, but two studies showed no

relationship between pulmonary hypertension and parathyroid

hormone on nephrotic patients undergoing HD (21, 22).

Several clinical studies had suggested that PH is associated

with volume overload. All patients enrolled in this study had

received HD for more than 3 months. A dialysis regimen

of 3 times a week for 4 h was chosen, and dry weight was

adjusted each time. Human studies demonstrated that the

levels of endothelin-1 were elevated in circulating plasma of

patients with PH. Endothelin-1 is not only a vasoconstrictor,

but leads to proliferation of many vascular cells, and plays a

role in the pathogenesis of PH (23). The activation of renin-

angiotensin-aldosterone system (RAAS) is another essential

mechanism for the development of PH in patients undergoing

HD. Angiotensin II enhances the contraction of vascular smooth

muscle by increasing Ca2+ influx into the cell membrane

and induces significant proliferation of pulmonary arterial
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smooth muscle. Angiotensin II is widely acknowledged to be

associated with the progression of disease and risk of death

(24, 25). In general, the formation and progression of PH

involves the interplay of multiple factors and mechanisms

among HD patients.

Previous studies had shown that angiotensin II type 1

receptor blockers reduced pulmonary vascular remodeling.

Fried et al. had confirmed that losartan was related to ameliorate

chronic, inhaled nicotine-induced PH and right ventricular

remodeling (26). Lu et al. found that valsartan slowed down the

development of experimental PH in mice (27).

In contrast to RAAS, the activation of natriuretic peptide

system (NPS) plays a cardioprotective role in patients with

PH. Natriuretic peptides expressed in the pulmonary vascular

bed had been confirmed to mediate multiple pulmonary

vascular effects, including vasorelaxation, antiproliferation, and

reverse remodeling (28). Studies had shown that infusion of

atrial natriuretic peptide (ANP) and brain natriuretic peptide

(BNP) can ameliorate PH (29). Hsu et al. suggested that BNP

inhibits angiotensin II-induced proliferation and migration of

pulmonary vascular smooth muscle cells (30).

Sac/Val as an enkephalinase inhibitor and angiotensin II

receptor blocker affects PH in a comprehensive and targeted

way. Sac/Val reduced the serum level of IL-1β, TNF-α, and IL-6

in hypoxia-induced PH rats (31). It had been demonstrated that

Sac/Val inhibited the activation of endothelin associated with

pulmonary vasoconstriction to decrease PASP (32). Based on

the above pathogenesis and previous studies, we believed that

Sac/Val is expected to become a new target for the treatment of

PH in patients undergoing HD.

A significant decrease in PASP was observed in Sac/Val and

ARBs groups, which was consistent with previous studies. The

superior effect of Sac/Val to ARBs on reducing PASP has been

demonstrated, one of the key reasons is the dual inhibitory effect

of Sac/Val.

In Sac/Val group, RAD, LVD, LVPWT, LAD, PAD, LVEDV,

LVESV, LVEF, and FS were all significantly improved from

baseline to the end of follow-up. However, it did not exhibit

significant changes in RVD and SV in Sac/Val group. LVD,

LAD, RAD, LVPWT, and RVD reflect cardiac structure, LVEDV,

LVESV, LVEF, SV, and FS were measured to assess the left

ventricular function. Significant decreases of RAD and PAD

were associated with a reduction in PASP possibly. PAD can

reflect the morphological changes of the heart and provide

a more accurate assessment on cardiac functional damage

to a certain extent (33). The above findings suggested that

Sac/Val might be related to anti-ventricular remodeling and

anti-heart failure. There were no significant differences in

LVD, LAD, LVPWT, RAD, PAD, LVEDV, LVESV, LVEF, and

FS from baseline to follow-up in ARBs group, which was

inconsistent with previous studies. One possible reason was that

the observation window was too short, and more exploration

was warranted in the future.

BNP is the substrate of enkephalinase, and Sac/Val as an

enkephalinase inhibitor may increase BNP concentrations. In

terms of patients receiving Sac/Val, the level of BNP cannot

reflect the severity of heart failure accurately. Therefore, BNP

is not an appropriate biomarker in this study. NT proBNP

derived from the cleavage of BNP precursor provides the same

information as BNP with better stability. The predictive value

of NT-proBNP and cTnI for the prognosis of patients with

PH has been demonstrated in many studies, and a decrease

in NT-proBNP indicates amelioration in PH (34–36). The

research revealed that a stronger effect on lowering the level of

NT-proBNP was observed in the Sac/Val group compared with

the ARBs group. Significant reductions in cTnI were found in

both groups. Indeed, Sac/Val both reduced PASP and improved

the cardiac function.

There was no drug withdrawal due to serious adverse

reactions in this study. Hypotension was observed in 6 patients

(8.5%) and dizziness occurred in 2 patients (2.8%) in Sac/Val

group. Hypotension and dizziness were alleviated after adjusting

the dose of Sac/Val. Hyperkalemia occurred in 9 (12.7%) and 6

(11.8%) of Sac/Val and ARBs group, respectively. One case in the

ARBs group suffered from hepatic dysfunction. Hyperkalemia

and hepatic dysfunction quickly returned to normal level

spontaneously after symptomatic treatment, and there were

no significant differences in the overall incidence of adverse

events between the two groups. Therefore, Sac/Val might be

an effective treatment with acceptable safety in HD patients

with PH. However, the high incidence of hyperkalemia and

hypotension was still noteworthy, and it needed to be explored

in a larger sample study in the HD population.

However, a time-dependent improvement in pulmonary

vascular remodeling needs to be considered. A more significant

decrease in PASP may be observed with the extension of

follow-up time, and it warrants further verification in a clinical

trial. Dual treatment with Sac/Val and bosentan was reported to

be superior to Sac/Val alone in terms of vascular remodeling and

severity in experimental PH (37). Nonetheless, no studies have

been conducted on the combination of Sac/Val and other drugs

for the treatment of PH in humans. Accordingly, its feasibility

needs to be further confirmed.

Conclusion

Sac/Val is superior to ARBs in PH among HD patients and is

well-tolerated. To sum up, Sac/Val is expected to be a new drug

for treating PH in patients undergoing HD.
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