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Safety and efficacy of angiotensin
receptor neprilysin inhibitor in
improving cardiac function and
blood pressure in dialysis patients
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Xuzhou, Jiangsu, China

Background: The efficacy of the angiotensin receptor neprilysin inhibitor (ARNI)
sacubitril/valsartan (SV) in patients with chronic kidney disease (CKD) has
been established. Two meta-analyses have demonstrated its significant role in
enhancing ventricular remodeling. However, the effectiveness and safety of its
use in patients with end-stage renal disease (ESRD) remain unclear.

Methods and results: Up to October 2023, we searched the PubMed, Embase,
and Web of Science databases for studies involving ESRD patients treated with
ARNI. The quality of the included studies was evaluated using the Newcastle-
Ottawa Scale. Effect sizes were reported as mean differences (MD) with 95%
confidence intervals (Cls). We included 10 studies, encompassing 649 patients.
ARNI was associated with improvements in blood pressure and left ventricular
(LV) function in ESRD patients, including systolic blood pressure (SBP) (MD
—12.76 mmHg; 95% Cl, —18.03 to —7.5 mmHg), diastolic blood pressure
(DBP) (MD —6.41 mmHg; 95% CI, —8.10 to —4.72 mmHg), and left ventricular
ejection fraction (LVEF) (MD, 4.61%; 95% Cl, 1.78%—7.44%). Hemoglobin levels
improved, but there were no significant statistical differences in other biomarkers
for dialysis. Sacubitril/valsartan was generally well tolerated in ESRD patients.
Improved indices of left ventricular function were noted at 6 months and were
more pronounced at 12 months. A linear relationship between LVEF and left
ventricular end-diastolic volume (LVEDV) was observed, as indicated by a high
correlation coefficient (r-value).

Conclusion: ARNI effectively reduces blood pressure and enhances left
ventricular function in dialysis patients, with early treatment associated with
greater benefits. ARNI also demonstrates a favorable safety profile in this
population. Further prospective studies are required to fully understand the
long-term efficacy and safety of sacubitril/valsartan in dialysis patients.
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Introduction

In recent years, the number of individuals on dialysis has been increasing annually (1).
Cardiovascular disease (CVD) is the predominant cause of mortality in patients with end-
stage kidney disease (ESKD), with cardiovascular mortality rates being 10-20 times higher
in dialysis patients compared to age-matched individuals from the general population (2-
4). Both hemodialysis and peritoneal dialysis patients require comprehensive management
beyond standard dialysis treatment, and improving cardiac function is a critical concern.
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Angiotensin receptor neprilysin inhibitor (ARNI) is a novel
therapeutic agent that concurrently inhibits the renin-angiotensin-
aldosterone system (RAAS) and enkephalinase and augments
the natriuretic peptide system. This dual action results in
cardioprotective effects such as natriuresis, vasodilation, and
reversal of ventricular remodeling (5-8). Previous research has
demonstrated the superiority of ARNI over angiotensin II
receptor antagonists or angiotensin-converting enzyme inhibitors
in improving myocardial remodeling, controlling heart failure,
and preserving residual kidney function in non-dialyzed patients
with chronic kidney disease (CKD). Moreover, meta-analyses
have highlighted its distinctive role in ameliorating ventricular
remodeling (9, 10). The 2019 KDIGO conference consensus paper
lists ARNT as a foundational medication for treating heart failure
with reduced ejection fraction (HFrEF) in the context of CKD and
considers its use in dialysis patients with HFrEF (11).

The PARADIGM-HF trial noted no significant differences
in serum creatinine levels between the ARNI and enalapril
groups at 8- and 27-months post-randomization. However, ARNI
demonstrated a stronger hypotensive effect on renal perfusion, and
fewer patients in the ARNI group discontinued the study due to
renal complications than those treated with enalapril. Despite these
findings, the PARADIGM-HF and PARAGON-HF trials excluded
patients with an estimated glomerular filtration rate (eGFR) of <30
ml/min/1.73 m? (12, 13).

While the majority of the existing studies focus on the CKD
population, several have shown the benefits of ARNI for cardiac
function in dialysis patients. Nevertheless, some studies suggest that
ARNI does not confer significant benefits in this group, rendering
the effectiveness of ARNI in dialysis patients as yet inconclusive.
Against this backdrop, we conducted this meta-analysis to evaluate
the impact of ARNI on blood pressure, cardiac function, and
biomarkers in patients with end-stage renal disease.

1. What is Known?

In heart failure patients undergoing maintenance dialysis,
ARNTI is recommended to enhance reverse remodeling of the left
ventricle, manage heart failure symptoms, safeguard residual renal
function, and reduce the risk of cardiovascular events.

2. What is New?

To the best of our knowledge, this is the first meta-analysis to
directly evaluate the impacts of the angiotensin receptor neprilysin
inhibitor sacubitril/valsartan (SV) on blood pressure and left
ventricular (LV) function in dialysis patients.

3. What Are the Clinical Implications?

The findings of our meta-analysis indicate that ARNI is
effective in managing refractory hypertension in dialysis patients
and may enhance reverse remodeling of the left ventricle,
particularly in patients undergoing dialysis for extended periods
of time. Furthermore, the earlier dialysis patients begin treatment
with angiotensin receptor neprilysin inhibitors, the greater the
potential benefits.

Methods

This meta-analysis followed the Preferred Reporting Items
for Systematic Reviews and Meta Analyses (PRISMA) guidelines
(14). The data supporting the findings are available from the
corresponding author upon reasonable request.

Frontiersin Medicine

10.3389/fmed.2024.1421085

Study selection

Study inclusion criteria were as follows: (1) participants (P):
adult patients (aged >18 years) with end-stage renal disease
(ESRD); (2) intervention (I): patients assigned to ARNI treatment;
(3) comparison (C): self-comparison or other pharmacological
treatments; (4) outcome (O): patients with baseline and follow-
up data for at least one LV function index, measured by
echocardiography, with a follow-up period of at least 3 months; and
(5) study design (S): any form of observational study and clinical
trial (both randomized and non-randomized).

Case reports, letters, comments, series review articles, meta-
analyses, guides, animal experiments, and studies with fewer than
10 patients were excluded from the meta-analysis.

Information sources and search strategy

Two authors (KZ and QZ) independently conducted a
systematic search of PubMed, Embase, and Web of Science
Search included

“angiotensin receptor-neprilysin inhibitor; “Renal Dialysis,

databases. terms “sacubitril-valsartan,”
and “End-Stage Kidney Disease,” among other relevant terms
(see Supplementary material S1 for the full list). The search was
restricted to articles with no language limitations. Additionally, we
reviewed the reference lists of included studies to identify further
eligible studies not initially retrieved by our search. All citations
were managed using Endnote Reference Manager version X9
(Clarivate Analytics).

Data extraction

Data extraction was independently conducted by two
authors (KZ and QZ). Any discrepancies were resolved through
consultation with a third author (YZ). The extracted data
included the first author’s name, publication year, country, study
design, treatments in control groups, sample size, and patient
demographics (age, sex, dialysis modality, follow-up duration,
and duration of dialysis). Three key indices were extracted: blood
pressure, left ventricular function, and biomarkers relevant to
dialysis, both at baseline and follow-up.

We focused on indices representing left ventricular (LV)
function, which included parameters of LV systolic function
(left ventricular ejection fraction [LVEF], left ventricular end-
systolic volume [LVESV], left ventricular end-diastolic volume
[LVEDV], left ventricular end-diastolic diameter [LVEDd], and
left ventricular end-systolic diameter [LVESd]); parameters of
LV diastolic function (the ratio of early mitral inflow velocity
to mitral annular early diastolic velocity [E/e’ ratio], peak
tricuspid regurgitation velocity [peak TR Vel], and left atrial
dimension [LAD]); and parameters of LV hypertrophy (left
ventricular posterior wall thickness [LVPWT] and interventricular
septum thickness in diastole [IVSd]). For blood pressure, we
selected systolic blood pressure (SBP) and diastolic blood pressure
(DBP). For biomarkers of dialysis, we selected N-terminal proB-
type natriuretic peptide (NT-proBNP), hemoglobin, potassium,
creatinine, calcium, phosphorus, intact parathyroid hormone
(iPTH), and 24-h urine volume.
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Risk of bias

Two independent authors assessed the risk of bias and quality
of the included studies using the Newcastle-Ottawa Scale for
observational studies. We assessed the following three items:
selection of cohort (0-4 stars), comparability (0-2 stars), and
outcome (0-3 stars), with overall scores of <5 stars, 5 to 7 stars,
and >7 stars indicating high, moderate, and low risk of bias,
respectively (15).

Outcome measures

The main outcomes were changes in blood pressure (SBP and
DBP), parameters of LV systolic function (LVEE, LVEDYV, LVEDV,
LVDd, and LVDs), parameters of LV diastolic function (E/e’ ratio,
peak TR Vel, and LAD), parameters of LV hypertrophy (LVPWT
and IVSd), and biomarkers for dialysis during the follow-up period.
These indexes were all continuous variables, primarily expressed as
mean =& SD.

Statistical analysis

Data entry and analysis were conducted using Excel (Microsoft)
and Review Manager (RevMan) software version 5.4. The STATA
software was used to evaluate publication bias and execute
sensitivity analysis. Continuous outcomes were analyzed using the
mean difference (MD) and dichotomous outcomes were analyzed
using the risk ratio (RR), both presented with their respective 95%
confidence intervals. Heterogeneity between studies was evaluated
using the Q statistic and quantified with the I? test, with an I?
value of >50% indicating significant heterogeneity, and we used a
random-effects model. The influence of individual studies on the
overall effect size was examined by sensitivity analysis, employing
the leave-one-out approach.

Subgroup analyses were performed based on mean age (>60
or <60 years), dialysis modality (PD or HD), duration of follow-
up (=6 or <6 months), duration of dialysis (>36 or <36 months),
LVEF (>50 or <50%), sample size (>50 or <50), and study design
(prospective or retrospective). Publication bias was assessed using
Egger’s regression tests and visual inspection of funnel plots (20,
21). A p-value of <0.05 was considered statistically significant.

The relationship between changes in the LV system and left
ventricular function was also explored. First, the Shapiro-Wilk
test was used to determine the normality of the data distribution.
Depending on the distribution, Pearson’s or Spearman’s correlation
was used for analysis. These analyses were performed using SPSS
software version 26.

Results

As of October 2023, our literature search yielded 549
publications. After removing 179 duplicates, we screened the titles
and abstracts of 370 records for eligibility. Subsequently, 360
articles were excluded, resulting in the inclusion of 10 studies for
both quantitative and qualitative analyses, comprising a total of
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649 patients, all from observational studies. The literature search
process is detailed in the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses flowchart shown in Figure 1.

The baseline characteristics of the studies are presented in
Table 1. Publication years ranged from 2019 to 2023. The mean
age of the included patients was 51.6 years, with 69.1% being men.
All subjects were patients with end-stage kidney disease. The mean
follow-up duration varied between 3 and 12 months. Of the 10
studies included, three (16, 18, 25) were prospective, and seven (17,
19-24) were retrospective. Four studies (16, 20, 22, 23) included
a control group that received either an angiotensin receptor
neprilysin inhibitor or an angiotensin-converting enzyme inhibitor,
while the others lacked a control group. However, one article did
not provide specific data; thus, we extracted experimental group
data from three studies.

Risk-of-bias assessment

The Newcastle-Ottawa Scale scores of the included studies,
which is presented in Supplementary Table S1, ranged from 6 to 9.
The majority of studies (17-19, 21, 24, 25) exhibited a moderate
risk of bias due to the absence of a control group. The seven
retrospective studies (17, 19-24) showed a higher risk of bias. No
information was provided indicating that the baseline comparisons
were imbalanced. No significant publication bias was indicated by
the funnel plot (Supplementary Figure S1).

Effects of sacubitril/valsartan on blood
pressure and NT-proBNP

Data on changes in systolic blood pressure (SBP) and diastolic
blood pressure (DBP) were available from eight trials (16-19,
21, 22, 24, 25), involving 527 patients. We observed significant
reductions in SBP (MD, —12.76 mmHg; 95% CI, —18.03 to —7.50
mmHg; Figure 2A and Supplementary Table S2) and DBP (MD,
—6.41 mm Hg; 95% CI, —8.10 to —4.72 mmHg; Figure 2A and
Supplementary Table 52). A total of eight studies (18-25) involving
600 patients reported data on NT-proBNP. The mean NT-proBNP
decreased by —10.57 * 10% ng/dL (95% CI, —14.64 to —6.50 * 10°
ng/dL; Figure 2B and Supplementary Table S2).

Effects of sacubitril/valsartan on left
ventricular systolic function

The pooled data from 10 studies (16-25), involving 649
patients, indicated increased left ventricular ejection fraction
(LVEF) (MD, 4.61%; 95% CI, 1.78%—7.44%; Figure 3A and
Supplementary Table S3). Four studies (16, 18, 23, 24), with 362
patients, reported data on left ventricular end-diastolic volume
(LVEDV). The mean LVEDV decreased by 12.80 mL (95% CI,
—18.94 to —6.65). Left ventricular end-systolic volume (LVESV)
was reported in four studies (16, 18, 23, 24), involving 362
patients, and was significantly decreased following treatment with
sacubitril/valsartan (MD, —10.22 mL; 95% CI, —13.95 to —6.49;
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FIGURE 1

Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram showing a detailed study selection process.

Figure 3B and Supplementary Table S3). Similarly, left ventricular
end-systolic diameter (LVDs) (MD —3.82mm, 95% CI —5.03
to —2.61; Figure 3B) and left ventricular end-diastolic diameter
(LVDd) (MD —1.80 mm, 95% CI —2.54 to —1.06; Figure 3B) were
all significantly reduced.

Effects of sacubitril/valsartan on left
ventricular diastolic function

The pooled data from seven studies (16, 20-25), involving
597 patients, showed increases in left atrial dimension (LAD)
(MD, —1.86mL; 95% CI, —2.57 to —1.15; Figure4A and
Supplementary Table S3). Four studies (16, 18, 21, 24), comprising
312 patients, reported data on the E/e ratio. The mean E/¢
ratio decreased by 1.55 (95% CI, —2.10 to —1.00; Figure 4A and
Supplementary Table S3). Three studies (16, 21, 24), involving
294 patients, reported data on peak tricuspid regurgitation
velocity (Peak TR Vel), which improved following treatment with
sacubitril/valsartan (MD, —39.88 cm/s; 95% CI, —49.31 to —30.45;
Figure 4B and Supplementary Table S3).
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Effects of sacubitril/valsartan on left
ventricular hypertrophy

Changes in left ventricular posterior wall thickness (LVPWT)
were observed in 344 patients and interventricular septum
thickness in diastole (IVSD) in 483 patients across three (16, 23, 24)
and six (16, 18, 20, 21, 24, 25) trials, respectively. Significant
reductions were observed in LVPWT (MD, —0.90 mm; 95% CI,
—1.20 to —0.59; Figure 5 and Supplementary Table S3) and IVSD
(MD, —0.31mm; 95% CI, —0.56 to 0.05mm Hg; I? = 67.9%;
Figure 5 and Supplementary Table S3).

Effects of sacubitril/valsartan on
biomarkers for dialysis

There were no significant improvements in creatinine, calcium,
phosphorus, 24-h urine volume, or intact parathyroid hormone
(iPTH). However, the pooled data from four studies (19, 21, 24, 25),
involving 399 patients, showed increases in hemoglobin (MD, 4.78
g/L; 95% CI, 1.86 to 7.69 g/L; Figure 6).
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TABLE 1 Characteristics of included studies and meta-analysis patients.

10.3389/fmed.2024.1421085

References Diabetes (%) = Hemodialysis (%) Men (%) Dialysis vintage Follow-up
(months) (months)

Niu etal. (16) 46.2 615 73.1 59.0 4 58.2 12

Lee etal. (17) 47.8 NR 87.0 72454 6
Wang et al. (18) 444 100 83.3% 40.9 +47.4 3
Fengetal. (19) NA 100 455 38.6 4393 10.5
Ding et al. (20) 62.7 373 68.6 29.7 +25.6 12
Fuetal. (21) 23.8 0 66.6 149+ 3.5 NA

Ma etal. (22) 37.7 0 72.1 10.5+13.7 12
Zhao et al. (23) 24 100 63% 2424204 3

Guo etal. (24) 36.0 100 62.4 279422 8.5

Fu etal. (25) NA 100 NR NR 12

References

Study design

Interventions
and controls

Patients(n)

Age (y, mean £ SD)

Hypertension (%)

Niu et al. (16) Observational study ARNI 26 61.0 £12.1 88.5
(prospective) ACEI/ARB

Leeetal. (17) Observational study ARNI 23 60.9 £17.1 78.3
(retrospective)

Wang et al. (18) Observational study ARNI 18 53.6 + 14.5 100
(prospective)

Feng et al. (19) Observational study ARNI 11 53.1+16.8 NR
(retrospective)

Ding et al. (20) Observational study ARNI 51 59.7+13.7 100
(retrospective) ACEI/ARB

Fuetal. (21) Observational study ARNI 21 51.04+18.3 100
(retrospective)

Maetal. (22) Observational study ARNI ACEI/ARB 61 52.0 £ 13 NR
(retrospective)

Zhao et al. (23) Observational study ARNI ACEI/ARB 71 49.1 £154 97
(retrospective)

Guo et al. (24) Observational study ARNI 247 458 +£13.7 100.0
(retrospective)

Fuetal. (25) Observational study ARNI 120 574+ 152 NR
(prospective)

ACEI indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNT, angiotensin receptor neprilysin inhibitor; NR, not reported.
Effects of sacubitril/valsartan on LVEF and were no significant improvements in right ventricular

main indices compared with
angiotensin-converting enzyme
inhibitors/angiotensin receptor blockers

LVEF scores increased by 3.27% in patients treated with
ARNI compared to those using ACEIs/ARBs (95% CI 1.94,
4.60; Figure 7A and Supplementary Table S4). Both left atrial
dimension (LAD) (MD —1.41mm, 95% CI —2.74, —0.07;
Figure 7B and Supplementary Table S4) and left ventricular
end-diastolic diameter (LVDD) significantly decreased (MD
—1.61mm, 95% CI —3.05, —0.17), and NT-proBNP showed
a notable decline (MD —8.49 x 10° ng/dL, 95% CI —12.28,
—4.70; Figure 7B) in patients taking ARNI However, there

Frontiersin Medicine

diameter (RVD) or right atrial dimension (RAD) in patients
treated with ARNI compared to those using ACEIs/ARBs
(Supplementary Figure S2).

Subgroup analyses

The results of subgroup analyses are presented in Table 2.
In terms of blood pressure, the outcomes of the subgroup
analysis based on six baseline characteristics were all statistically
significant. An increase in LVEF was related to patients
with a duration of dialysis >36 months and LVEF >50%.
Similarly, it was observed that patients with a longer follow-
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A
Experimental Control Mean Difference Mean Difference
_Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI 1V, Random, 95% CI
1.1.1 SBP(mmHg)
Bin Wang2021 138.8 7 18 161.6 10.6 18 16.5% -22.80 [-28.67, -16.93] -
Chih-Yuan Niu2022 132 20.9 26 136 19 26 11.0% -4.00 [-14.86, 6.86] =
J W Ma2023 133 16 61 154 20 61 15.9% -21.00 [-27.43, -14.57] -
S-Lee2019 1147 243 23 109.4 457 23 4.8% 5.30 [-15.85, 26.45] -1
Sha Fu2021 145.3 30.1 21 146.5 153 21 8.1% -1.20[-15.64, 13.24] N
Sha Fu2023 1415 168 120 157.8 205 120 17.8% -16.30[-21.04,-11.56] -
Yanhong Guo2022 137.2 21 247 149.7 236 247 18.6% -12.50[-16.44, -8.56] -
‘Zhonglin Feng2021 141.3 19.6 11 143.3 18.1 11 7.3% -2.00[-17.77,13.77] A
Total (95% CI) 527 527 100.0% -12.76 [-18.03, -7.50] L 2
Heterogeneity: Tau? = 34.66; Chi? = 25.57, df = 7 (P = 0.0006); I = 73% 100 _;O s 5’0 1 00‘

Test for overall effect: Z = 4.75 (P < 0.00001)

Favours [Post-ARNI] Favours [Pre-ARNI]

Heterogeneity: Chiz=7.25,df =7 (P = 0.40); I=3%
Test for overall effect: Z = 7.42 (P < 0.00001)

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD Total Weight 1V, Fixed, 95% Cl IV, Fixed. 95% CI
1.2.1 DBP(mmHg)
Bin Wang2021 748 97 18 839 8.2 18 8.3% -9.10[-14.97, -3.23] -
Chih-Yuan Niu2022 70.8 144 26 725 13.8 26 4.9% -1.70 [-9.37, 5.97] -
J W Ma2023 80 13 61 90 13 61 13.5% -10.00 [-14.61, -5.39] -
S-Lee2019 76.7 24 23 829 252 23 14%  -6.20[-20.42, 8.02] -
Sha Fu2021 89.3 20.9 21 88.1 20.7 21 1.8% 1.20[-11.38, 13.78] -1
Sha Fu2023 785 102 120 852 149 120 27.5% -6.70 [-9.93, -3.47] =
Yanhong Guo2022 84.5 141 247 90.2 16.1 247 40.2% -5.70[-8.37, -3.03] u
Zhonglin Feng2021 776 138 11 786 121 11 24%  -1.00[-11.85, 9.85] 1
Total (95% CI) 527 527 100.0%  -6.41[-8.10, -4.72] '

-100 -50 0 50 100
Favours [Post-ARNI] Favours [Pre-ARNI]

Test for overall effect: Z = 5.09 (P < 0.00001)

FIGURE 2

(NT-proBNP) (B).

B
Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Bin Wang2021 515 59 18 9.8 10.7 18 13.0% -4.65[-10.29, 0.99] ]
Cong Zhao2022 13.4 19.6 71 403 41.6 el 7.9% -26.90 [-37.60, -16.20] -
J W Ma2023 1 09 61 121 13.9 61 15.4% -11.10[-14.60, -7.60] -
Sha Fu2021 31 4 21 1.7 15 21 11.9%  -8.00 [-14.64, -1.36] 2
Sha Fu2023 51 44 120 10 11.1 120 16.6% -4.90 [-7.04, -2.76] -
Yanhong Guo2022 183 25 247 36.8 425 247 12.5% -18.50[-24.65, -12.35] -
Ying Ding2023 58 5.8 51 13.6 18.3 51 13.5% -7.80[-13.07, -2.53] —
Zhonglin Feng2021 20.3 129 11 312 87 11 9.2% -10.90 [-20.09, -1.71] -
Total (95% Cl) 600 600 100.0% -10.57 [-14.64, -6.50] <
Heterogeneity: Tau? = 24.79; Chi? = 36.01, df = 7 (P < 0.00001); I2= 81% _5‘0 25 : 2=5 5‘0

Forest plots showing changes in systolic blood pressure (SBP), diastolic blood pressure (DBP) (A), and N-terminal pro-B-type natriuretic peptide

Favours [Post-ARNI] Favours [Pre-ARNI]

up period were found to have better improvements in
LVEF. However, no significant differences in LVEF changes
were found in relation to other baseline characteristics. The
subgroup analysis failed to provide a consistent explanation
for the high heterogeneity (I> = 91%) between studies

Frontiersin Medicine

concerning LVEE although the 1> value decreased to 77.2%
(Supplementary Figures S3, S4).

A subgroup analysis according to the follow-up period
showed significant effects of ARNI on blood pressure
and left ventricular functional capacity at 6 months, with
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A
Mean Difference Mean Difference
1 Mean | Weight IV, Ran 5% Cl IV. Random, 95% Cl
Bin Wang2021 56.3 4.7 18 532 59 18  10.5% 3.10[-0.38, 6.58] ™
Chih-Yuan Niu2022 451 11.7 26 313 55 26 9.0% 13.80[8.83, 18.77] =
Cong Zhao2022 63.3 3 71 579 10.6 71 11.3% 5.40 [2.84, 7.96] -
J W Ma2023 65.6 4 61 599 53 61 11.9% 5.70 [4.03, 7.37] -
S-Lee2019 414 105 23 302 4.1 23 94% 11.20[6.59, 15.81] -
Sha Fu2021 61.7 17.5 21 617 107 21 5.7% 0.00 [-8.77, 8.77] I
Sha Fu2023 58.7 8.1 120 57 103 120 11.5% 1.70 [-0.64, 4.04] ™
Yanhong Guo2022 60.3 6.7 247 614 46 247 122% -1.10 [-2.11, -0.09] "
Ying Ding2023 631 7.3 51 619 6.3 51 11.2% 1.20 [-1.45, 3.85] ™
Zhonglin Feng2021 45 10 1 38 53 14 7.3% 7.00[0.31, 13.69] o
Total (95% CI) 649 649 100.0% 4.61[1.78, 7.44] 2
Heterogeneity: Tau? = 16.77; Chi2 = 101.65, df = 9 (P < 0.00001); I = 91% f ’ y y
Test fo?overZIl effect: Z =3.19 (P =0.001) ( ) = 22 9 29 0
Favours [Pre-ARNI] Favours [Post-ARNI]
B

Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
2.1.1 LVESV (mL)
Bin Wang2021 533 11 18 628 15.2 18 18.5% -9.50[-18.17,-0.83] S
Chih-Yuan Niu2022 70.1 35.7 26 957 333 26  4.0% -25.60[-44.37,-6.83]
Cong Zha02022 48.9 174 71 644 303 71 21.1% -15.50[-23.63, -7.37] —
Yanhong Guo2022 53.6 26.8 247 61 29.5 247 56.4% -7.40[-12.37,-2.43] —
Subtotal (95% CI) 362 362 100.0% -10.22 [-13.95, -6.49] . 4
Heterogeneity: Chi? = 5.46, df =3 (P = 0.14); 1> = 45%
Test for overall effect: Z = 5.37 (P < 0.00001)
2.1.2LVEDV (mL)
Bin Wang2021 122.6 26.1 18 133.2 25.9 18 13.1% -10.60 [-27.59, 6.39] - 1
Chih-Yuan Niu2022 123.9 36.1 26 140 436 26 8.0% -16.10[-37.86, 5.66] R
Cong Zhao2022 126.8 35.6 71 1486 49.2 71 18.9% -21.80[-35.93, -7.67] - =
Yanhong Guo2022 132.8 43.3 247 1428 46.6 247 60.0% -10.00[-17.93,-2.07] ——
Subtotal (95% CI) 362 362 100.0% -12.80 [-18.94, -6.65] >
Heterogeneity: Chi? = 2.19, df =3 (P = 0.53); I? = 0%
Test for overall effect: Z = 4.08 (P < 0.0001)
2.1.3LVDs (mm)
Chih-Yuan Niu2022 40.1 9.8 26 472 69 26  6.9% -7.10[-11.71, -2.49] -
JW Ma2023 32 35 61 358 3.9 61 84.5% -3.80 [-5.12, -2.48] .
Ying Ding2023 337 64 18 351 6.2 18  8.6% -1.40 [-5.52, 2.72] -
Subtotal (95% CI) 105 105 100.0%  -3.82[-5.03, -2.61] ¢
Heterogeneity: Chi? = 3.28, df =2 (P = 0.19); I> = 39%
Test for overall effect: Z=6.19 (P < 0.00001)
2.1.4LVDd (mm)
Bin Wang2021 55.1 4.7 18 582 3.6 18  7.3% -3.10 [-5.83, -0.37] ™
Cong Zhao2022 513 6.4 71 54 6.1 71 13.6% -2.70 [-4.71, -0.69] ™
JW Ma2023 48 4.2 61 51 5.7 61  17.4% -3.00 [-4.78, -1.22] =
Sha Fu2023 478 6.2 120 46 7.8 120 17.3% 1.80[0.02, 3.58] ™
Yanhong Guo2022 512 7.1 247 538 6.9 247 36.0% -2.60 [-3.83, -1.37] u
Ying Ding2023 434 6.9 51 441 63 51 8.3% -0.70 [-3.26, 1.86] T
Subtotal (95% CI) 568 568 100.0%  -1.80 [-2.54, -1.06] '
Heterogeneity: Chi? = 21.38, df = 5 (P = 0.0007); I? = 77%
Test for overall effect: Z = 4.76 (P < 0.00001)

-50 -25 0 25 50
Favours [Post-ARNI] Favours [Pre-ARNI]

FIGURE 3
Forest plots showing changes in left ventricular ejection fraction (LVEF) (A), left ventricular end-systolic volume (LVEDV), left ventricular end-diastolic
volume (LVEDV), left ventricular end-diastolic diameter (LVDd), and left ventricular end-systolic diameter (LVDs) (B).

improvements increasing over time. In the analyses of LV
function indices, age, baseline LVEE, dialysis modality, duration
of dialysis, and sample size were not associated with significant

improvements (Table 2).

Frontiersin Medicine

Subgroup analyses based on study design indicated that
both blood pressure and ejection fraction showed considerable
improvement in both prospective and retrospective studies

(Supplementary Figures S5, S6).

07

frontiersin.org


https://doi.org/10.3389/fmed.2024.1421085
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Zhou et al.

10.3389/fmed.2024.1421085

A

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed,95% CI

3.1.1 LAD (mm)

Chih-Yuan Niu2022 43.7 8.1 26 469 7.2 26 2.9%
Cong Zhao2022 37.3 91 71 414 68 71 7.2%
J W Ma2023 38.9 44 61 42 52 61 171%
Sha Fu2021 38 4.8 21 377 4 21 7.0%
Sha Fu2023 387 6.1 120 375 57 120 225%
Yanhong Guo2022 372 72 247 405 6.2 247 357%
Ying Ding2023 434 6.9 51 441 63 51 7.6%
Subtotal (95% CI) 597 597 100.0%

Heterogeneity: Chi? = 30.27, df = 6 (P < 0.0001); I = 80%
Test for overall effect: Z =5.15 (P < 0.00001)

3.1.2 E/e’ ratio

Mean Difference
1V, Fixed, 95% CI

-3.20 [-7.37, 0.97]
-4.10 [-6.74, -1.46]
-3.10 [-4.81, -1.39]

0.30 [-2.37, 2.97]
1.20 [-0.29, 2.69]

-3.30 [-4.48, -2.12]

-0.70 [-3.26, 1.86]
-1.86 [-2.57, -1.15]

J—
(]
-

-

Test for overall effect: Z = 8.29 (P <0.00001)

FIGURE 4

(E/e’ ratio) (A), and peak tricuspid regurgitation velocity (peak TR Vel) (B)

Bin Wang2021 129 4.2 18 149 58 18 28% -2.00[-5.31,1.31] ]
Chih-Yuan Niu2022 18.8 8.6 26 253 16.2 26 0.6% -6.50[-13.55, 0.55] |
Sha Fu2021 20.8 21 21 294 379 21 0.1% -8.60 [-27.13, 9.93] - 1
Yanhong Guo2022 74 21 247 8.9 4 247 96.5% -1.50[-2.06, -0.94] F
Subtotal (95% CI) 312 312 100.0% -1.55[-2.10, -1.00]
Heterogeneity: Chi? = 2.55, df = 3 (P = 0.47); = 0%
Test for overall effect: Z = 5.49 (P < 0.00001)
-50 -25 0 25 50
Favours [Post-ARNI] Favours [Pre-ARNI]
B Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed. 95% CI IV, Fixed, 95% CI
Chih-Yuan Niu2022  234.2 65.4 26 2729 78.7 26 57% -38.70[-78.03, 0.63]
Sha Fu2021 2449 811 21 269.9 89.2 21 3.3% -25.00 [-76.56, 26.56] I
Yanhong Guo2022 240 59.7 247 280.5 52.2 247 90.9% -40.50 [-50.39, -30.61] .
Total (95% CI) 294 294 100.0% -39.88 [-49.31, -30.45] *
Heterogeneity: Chiz = 0.34, df = 2 (P = 0.84); I = 0% _2‘00 i 1’00 5 ] (i)o 2(’)0

Forest plots showing changes in left atrial dimension (LAD), the ratio between early mitral inflow velocity and mitral annular early diastolic velocity

Favours [Post-ARNI] Favours [Pre-ARNI]

Safety of sacubitril/valsartan

Four studies reported on hyperkalemia rates. In the ARNI
group, 38 instances of hyperkalemia (21.0%) were noted, compared
to 35 cases (27.3%) in the control group. The difference in
hyperkalemia rates between the groups was not statistically
significant, with a risk ratio (RR) of 0.78 (95% CI 0.53 to 1.15, p =
0.85) (Figure 8A). Similarly, three studies reported on hypotension
occurrences. There was no significant difference in the incidence of
hypotension between the groups, with an RR of 1.35 (95% CI 0.52
to 3.53, p = 0.86) (Figure 8B).

Publication bias and sensitivity analysis

We plotted the funnel plots along with Egger’s test to evaluate
the SBP’s publication bias in STATA 15.1 software. The funnel
plot showed that these studies were approximately symmetrically
distributed on both sides of the regression line. Additionally, the
results from Egger’s test showed no significant publication bias for
the SBP (p = 0.152) (Figure 9).

Frontiersin Medicine

We also performed sensitivity analyses for these 10 studies by
excluding each article to validate the stability of this meta-analysis,
which revealed that there was no statistical effect on the pooled
data when any of the articles were eliminated except for Yanhong
Guo’s work from 2022. However, the findings of this study had to
be interpreted with caution when explaining the prognostic results
of LVEF (Supplementary Figure S7).

Correlation analyses

Analyses of LVEF and other left ventricular (LV) function
indices, which followed normal distributions, were conducted
using Pearson’s correlation coefficient to explore potential
relationships. No significant correlation was found between LVEF
improvements and reductions in other LV indices. The results
were as follows: LVEF and systolic blood pressure (SBP) (r =
0.449, p = 0.264), LVEF and diastolic blood pressure (DBP) (r =
0.085, p = 0.841), LVEF and left ventricular end-systolic volume
(LVESV) (r =—0.983, p = 0.017), LVEF and left ventricular
end-diastolic volume (LVEDV) (r =—0.498, p = 0.502), LVEF
and left ventricular end-diastolic diameter (LVDd) (r =—0.346,
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A Mean Difference Mean Difference
I Mean 1 _Weigh IV, Fix 5% Cl 1V, Fixed, 95% Cl
Chih-Yuan Niu2022 11.2 2.7 26 109 2 26  56% 0.30[-0.99, 1.59]
Cong Zhao2022 10.6 2.3 71 114 23 71 16.2% -0.80[-1.56, -0.04]
Yanhong Guo2022 10.8 1.9 247 118 2 247 78.3% -1.00[-1.34,-0.66]
Total (95% Cl) 344 344 100.0% -0.90 [-1.20, -0.59] |
Heterogeneity: Chiz = 3.71, df = 2 (P = 0.16); 12 = 46% = pa 5 p A

Test for overall effect: Z =5.77 (P < 0.00001)

Test for overall effect: Z=2.31 (P = 0.02)

FIGURE 5

B Mean Difference Mean Difference

_Study or Subgroup Mean SD Total Mean SD Total Weight V. Fixed.95% ClI 1V, Fixed, 95% CI

Bin Wang2021 14 14 18 143 2.1 18  4.9% -0.30[-1.47,0.87] B

Chih-Yuan Niu2022 114 26 26 115 29 26 3.0% -0.10[-1.60, 1.40] -1

Sha Fu2021 12 3.2 21 116 24 21 2.3% 0.40[-1.31,2.11] -

Sha Fu2023 129 2 120 128 19 120 27.6% 0.10[-0.39, 0.59] ki

Yanhong Guo2022 1.2 2 247 118 2 247 54.1% -0.60[-0.95,-0.25] u

Ying Ding2023 114 23 51 114 24 51 8.1%  0.00[-0.91, 0.91] T

Total (95% CI) 483 483 100.0% -0.31[-0.56, -0.05] ¢

Heterogeneity: Chi2 = 6.43, df = 5 (P = 0.27); I2 = 22% i 1 - 5 5 5 1‘0

Forest plots showing changes in left ventricular posterior wall thickness (LVPWT) (A) and interventricular septum thickness in diastole (IVSd) (B).

Favours [Post-ARNI] Favours [Pre-ARNI]

Favours [Post-ARNI] Favours [Pre-ARNI]

p = 0.502), LVEF and E/¢€ ratio (r =—0.735, p = 0.265), LVEF
and left atrial dimension (LAD) (r =—0.457, p = 0.303), and
LVEF and interventricular septum thickness in diastole (IVSD)
(r =—0.008, p = 0.987) (Supplementary Figure S8). A significant
negative correlation was only observed between LVEF and LVESYV,
indicating a potential relationship between improved ejection
fraction and reduced end-systolic volume.

Discussion

This study presents the first meta-analysis evaluating the
effects of the angiotensin receptor neprilysin inhibitor (ARNI)
on blood pressure, left ventricular function, and biomarkers in
dialysis patients. The results demonstrate that ARNI significantly
ameliorates recalcitrant hypertension and facilitates reverse
ventricular remodeling in this population. Additionally, ARNI
showed superior efficacy in improving left ventricular function
compared to ACEIs or ARBs. Sacubitril/valsartan was also found to
be well tolerated in patients with end-stage renal disease (ESRD).

Recent trials have established the efficacy of ARNI in managing
blood pressure in patients with or without chronic kidney
disease (CKD). In 2018, studies confirmed the effectiveness
of sacubitril/valsartan (SV) monotherapy in patients with
uncontrolled hypertension previously treated with olmesartan
(26). Notably, SV has been shown to be superior in lowering
blood pressure compared to renin-angiotensin-aldosterone system
(RAAS) inhibitors (12, 27). This aligns with the findings of our
study, which identifies hypertension as a crucial modifiable factor
in the development of heart failure (28) and acknowledges that
prolonged pressure overload can induce cardiac remodeling
(29). Our analysis revealed significant reductions in both systolic

Frontiersin Medicine

and diastolic blood pressure with ARNI treatment compared to
controls. This finding suggests that controlling blood pressure and
reducing volumetric load may contribute to improved cardiac
function and reverse ventricular remodeling.

Furthermore, we observed a significant reduction in N-
terminal proB-type natriuretic peptide (NT-proBNP), not only
through its effects on humoral homeostasis but also by modulating
left ventricular load through vascular tone regulation. This
contributes to decreased systemic vascular resistance, which
supports reverse cardiac remodeling (30). NT-pro-BNP is a useful
biomarker for heart failure (HF) in the general population.
The PARAMOUNT phase II trial identified NT-pro-BNP as the
primary outcome and demonstrated that 12-week treatment with
sacubitril/valsartan reduced NT-pro-BNP levels by 23%, indicating
a potential clinical benefit (31). However, while NT-pro-BNP
is a surrogate marker for HF in early-stage kidney disease, its
reliability diminishes in advanced kidney disease (32, 33). Patients
with advanced kidney disease often exhibit elevated NT-pro-BNP
levels due to their primary metabolism through the kidneys.
Consequently, in dialysis patients, NT-pro-BNP levels can reach
extremely high values and are generally unreliable, providing no
conclusive evidence for diagnosing HE, whether to confirm or
exclude it.

In previous studies, ARNI significantly impacted LV function
in heart failure patients, including those who failed to reach
the target dose of either an ACE inhibitor or an ARB. Both
ACE inhibitors and ARBs are well-recognized for improving
prognosis in patients with heart failure and myocardial infarction,
demonstrating a beneficial effect in reducing cardiovascular
mortality reversing myocardial (34-38).
Consequently, it is plausible that an ARNI, combining the
effects of an ARB and a neprilysin inhibitor, would favorably

and remodeling
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Experimental Control Mean Difference Mean Difference
r r Mean D Total Mean D Total Weight 1V, Fixed, 95% Cl 1V, Fixed, 95% CI
5.1.1 Creatinine
Sha Fu2021 945.7 4325 21 941.8 2393 21 3.8%  3.90[-207.51, 215.31] >
Sha Fu2023 802.9 2906 120 773.1 2592 120 35.0% 29.80 [-39.87, 99.47] -
Yanhong Guo2022 937.3 3164 247 992 2805 247 61.2% -54.70[-107.43, -1.97] —il—]
Subtotal (95% CI) 388 388 100.0%  -22.87 [-64.10, 18.37] -

Heterogeneity: Chiz = 3.66, df = 2 (P = 0.16); I = 45%
Test for overall effect: Z = 1.09 (P = 0.28)

5.1.4 Potassium

Sha Fu2021 1.8 06 21 18 07 21 7.0% 0.00 [-0.39, 0.39]
Sha Fu2023 47 07 120 46 07 120 34.9% 0.10 [-0.08, 0.28] :
Yanhong Guo2022 44 08 247 44 08 247 55.0% 0.00 [-0.14, 0.14]
Zhonglin Feng2021 45 06 1" 44 08 1 3.1% 0.10 [-0.49, 0.69]
Subtotal (95% CI) 399 399 100.0% 0.04 [-0.07, 0.14]

Heterogeneity: Chi? = 0.83, df = 3 (P = 0.84); 1= 0%
Test for overall effect: Z = 0.71 (P = 0.48)

5.1.5 Calcium

Sha Fu2021 21 0.3 21 2 02 21 3.1% 0.10 [-0.05, 0.25]

Sha Fu2023 22 02 120 22 03 120 17.8% 0.00 [-0.06, 0.06]

Yanhong Guo2022 22 015 247 22 02 247 764% 0.00 [-0.03, 0.03] L]
Zhonglin Feng2021 23 02 1 23 02 11 2.7% 0.00[-0.17, 0.17]

Subtotal (95% CI) 399 399 100.0% 0.00 [-0.02, 0.03]

Heterogeneity: Chi2 = 1.56, df = 3 (P = 0.67); I? = 0%
Test for overall effect: Z = 0.22 (P = 0.82)

5.1.6 Phosphate

Sha Fu2021 1.8 06 21 1.8 07 21 5.0% 0.00 [-0.39, 0.39]
Sha Fu2023 19 06 120 2 06 120 335% -0.10 [-0.25, 0.05] L
Yanhong Guo2022 19 07 247 2 06 247 58.5% -0.10 [-0.21, 0.01] N
Zhonglin Feng2021 23 07 1 2 05 11 3.0% 0.30[-0.21, 0.81]
Subtotal (95% CI) 399 399 100.0% -0.08 [-0.17, 0.00]
Heterogeneity: Chi* = 2.48, df = 3 (P = 0.48); I = 0%
Test for overall effect: Z = 1.85 (P = 0.06)
5.1.7 iPTH
Sha Fu2021 530.3 555.7 21 413.6 306.9 21 1.5% 116.70 [-154.81, 388.21] >
Sha Fu2023 463.2 552 120 466.3 5449 120 57% -3.10[-141.88, 135.68]
Yanhong Guo2022 281.2 211.8 247 2822 184 247 89.7% -1.00 [-35.99, 33.99] _-_ R
Zhonglin Feng2021 383.8 246.1 11 3114 2015 11 3.1% 72.40[-115.56, 260.36] %
Subtotal (95% CI) 399 399 100.0% 2.91 [-30.22, 36.05]
Heterogeneity: Chiz = 1.25, df = 3 (P = 0.74); > = 0%
Test for overall effect: Z = 0.17 (P = 0.86)
-200 -100 0 100 200
Favours [Post-ARNI] Favours [Pre-ARNI]
Experimental Control Mean Difference Mean Difference
tudy or Subgrou e D Total Mea D Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
6.1.1 24h urine volume
J W Ma2023 717.7 4556 61 838.1 5884 61 0.8% -120.40 [-307.15, 66.35] ¢
Sha Fu2021 641.6 407.5 21 655.1 655.9 21 0.2% -13.50 [-343.76, 316.76] ¢ >
Sha Fu2023 398.7 119 120 4083 121.3 120 28.6% -9.60 [-40.00, 20.80] — R
Yanhong Guo2022 379.7 117.4 247 394 1023 247 70.0% -14.30[-33.72, 5.12] ——
Ying Ding2023 2915 534 51 5354 686.6 51 0.5% -243.90 [-482.62, -5.18] *
Subtotal (95% CI) 500 500 100.0% -14.82 [-31.07, 1.42] -
Heterogeneity: Chi* = 4.88, df = 4 (P = 0.30); I = 18%
Test for overall effect: Z = 1.79 (P = 0.07)
6.1.2 Hemoglobin
Sha Fu2021 912 185 21 826 147 21 8.3% 8.60[-1.51, 18.71] T
Sha Fu2023 108.2 181 120 100.2 236 120 30.0% 8.00 [2.68, 13.32] i
Yanhong Guo2022 101.5 209 247 981 229 247 56.8% 3.40[-0.47,7.27] u
Zhonglin Feng2021 99.8 15.1 11 1053 164 11 4.9% -5.50[-18.67, 7.67] T =
Subtotal (95% CI) 399 399 100.0% 4.78 [1.86, 7.69] ¢
Heterogeneity: Chi? = 4.78, df = 3 (P = 0.19); I2=37%
Test for overall effect: Z = 3.21 (P = 0.001)
-100 -50 0 50 100

Favours [Pre-ARNI] Favours [Post-ARNI]

FIGURE 6
Forest plots showing changes in hemoglobin, potassium, creatinine, calcium, phosphorus, intact parathyroid hormone (PTH), and 24-h urine volume.

influence LV cardiac function. Our data further extend these  these patients. A recent study using strain echocardiography
benefits to patients with ESKD, with Sacubitril/Valsartan = showed that a 6-month treatment with Sacubitril/Valsartan could
significantly enhancing LV systolic and diastolic functions in  improve LV global longitudinal strain, twist, and apical and
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A

Experimental Control

LVEF (%)

Cong Zhao2022 3.7 9.1 71 0.71 6.15 41 221%
J W Ma2023 57 4.78 61 14 442 38 51.9%
Ying Ding2023 1.14 6.84 51 -0.31 6.61 51 26.0%

Total (95% Cl) 183
Heterogeneity: Chi? = 3.10, df =2 (P = 0.21); I = 35%
Test for overall effect: Z =4.81 (P < 0.00001)

130 100.0%

B

Experimental Control

LAD (mL)

Cong Zhao2022 -3.65 6.85 71 -0.59 5.71 41 31.8%
J W Ma2023 -3.12 4.84 61 -1.82 5.67 38 37.6%
Ying Ding2023 -0.76 6.62 51 -0.94 5.77 51 30.6%

Total (95% CI) 183
Heterogeneity: Chi? = 3.55, df =2 (P = 0.17); I* = 44%
Test for overall effect: Z = 2.07 (P = 0.04)

130 100.0%

LVDD (mL)

Cong Zhao2022 -2.72 5.33 71 -0.22 7.01 41 33.6%
J W Ma2023 -2.96 5.1 61 -1.8 3.82 38 66.4%
Total (95% Cl) 132 79 100.0%
Heterogeneity: Chi? = 0.75, df =1 (P = 0.39); 12 = 0%

Test for overall effect: Z=2.20 (P = 0.03)

NT-proBNP (10°ng/dL)

Cong Zhao2022 -20.09 31.59 71 -8 2717 41 1.7%
J W Ma2023 -11.09 13.42 61 -3.08 6.98 38 88.3%
Total (95% CI) 132 79 100.0%

Heterogeneity: Chi? = 0.46, df = 1 (P = 0.50); I = 0%
Test for overall effect: Z = 4.39 (P < 0.0001)

FIGURE 7

Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed. 95% CI

-3.06 [-5.43, -0.69] bl
-1.30 [-3.47, 0.87]
0.18 [-2.23, 2.59)]
1.41 [-2.74, -0.07]
it

-2.50 [-4.98, -0.02]

-1.61 [-3.05, -0.17]

-12.09[-23.19, -0.99] —
-8.01 [-12.04, -3.98] n
-8.49 [-12.28, -4.70] . 4
.50 25 0 25 50

Effect of ARNI on LVEF and main indices (LVDD, LAD) (A) and NT-proBNP (B) compared with ACEIs/ARBs.

Mean Difference
IV, Fixed. 95% CI

2.99[0.16, 5.82]
4.30 [2.45, 6.15] [ ]
1.45[-1.16, 4.06]

3.27 [1.94, 4.60] ¢

L ' 1 1

25 0 25 50
Favours [control] Favours [experimental]

Mean Difference
IV, Fixed, 95% Cl

-1.16 [-2.92, 0.60]

Favours [experimental] Favours [control]

basal rotations, thereby effectively alleviating myocardial wall
tension (39).

This meta-analysis generally compares patients treated with
ACEIs or ARBs and emphasizes that ARNI significantly improves
left ventricular function. However, our study found no significant
difference in structural changes of the right ventricle in dialysis
patients treated with ARNIs compared to those treated with
ACEIs/ARBs, suggesting that ARNIs may not provide a substantial
advantage in improving the right ventricular structure.

The current subgroup analysis demonstrated robust results for
significant improvement in left ventricular function, regardless of
dialysis modality, duration, or age. Interestingly, improvement in
left ventricular function was associated with ejection fraction. It was
observed that dialysis patients without preserved ejection fraction
achieved better improvements, including blood pressure reduction,
than those with preserved ejection fraction. Improvement in
left ventricular function was significant in long-term dialysis
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patients, who may suffer from severe vascular damage and
ventricular remodeling due to prolonged hypertension and
volume loading. ARNI improves left ventricular function
by reversing cardiac remodeling and mitigating recalcitrant
hypertension through reduced peripheral resistance. These
findings should be interpreted with caution due to the loss of
statistical power and indirect comparisons. Further studies are
required to directly compare the improvement in left ventricular
function after ARNI treatment in patients with varying durations
of dialysis.

This study’s large and small sample sizes highlighted significant
improvements in left ventricular function, indicating that
both sampling strategies possess strong scientific validity. This
evidence supports the broad applicability of the findings, with
no significant differences observed between different dialysis
modalities. The study highlights that both hemodialysis and
peritoneal dialysis patients benefit from the use of ARNI, which
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TABLE 2 Subgroup analysis of the effects of ARNI on blood pressure and LV indices by characteristics.

Subgroup

No. of studies

SBP (mmHg)

DBP (mmHg)

NT—proBNP,

103 pg/Ml

10.3389/fmed.2024.1421085

LVEF, %

LVESV, mL

Age, (years)

>55 4 —13.50 —5.96 —5.31 3.8 —25.60
(—17.79 —9.28) (—8.87 —3.04) (~7.29 —3.33) (2.24 5.36) (—44.37 —6.84)
P=727% I* = 0.0% I =0.0% I =90.7% rP=*
z=—6.23 z=—4.01 z=—-5.26 z2=4.78 z=—-2.67
(p = 0.000) (p = 0.000) (p = 0.000) (p = 0.000) (p=10.007)
<55 6 —15.73 —6.64 —11.17 1.38 —-9.59
(—18.54 —12.92) (—8.72 —4.56) (—13.51 —8.83) (0.592.17) (—13.39 —5.78)
P=772% I =30.1% I =76.5% I*=91.9% I =28.0%
z=—10.964 z=—6.26 z=-9.36 z=2343 z=—493
(p = 0.000) (p = 0.000) (p = 0.000) (p =0.001) (p = 0.000)
Duration of dialysis (months)
>36 4 —15.81 —5.59 —6.40 7.79 —12.33
(—20.59 —11.03) (—9.69 —1.49) (—11.21 —1.59) (5.51 10.07) (—20.20 —4.46)
I’=82.1% I’=1.9% P=212% I’ =79.6% 1’ =57.1%
z=—6.48 z=—2.67 z=—2.61 z=06.70 z=-3.07
(p =0.000) (p =0.008) (p =0.009) (p = 0.000) (p =0.002)
<36 6 —14.12 —6.52 —11.65 12 —9.61
(—17.39 —10.85) (—8.79 —4.25) (—14.04 —9.27) (0.42 1.98) (—13.85 —5.37)
I =754% I =49.9% ’=77.3% ’=93.1% I* =64.0%
z = —8.46 z=—5.62 z=-9.57 z=3.02 z=—4.44
(p = 0.000) (p = 0.000) (p = 0.000) (p = 0.003) (p = 0.000)
Dialysis modality
HD 5 —14.85 —6.00 —6.97 0.71 NR
(—17.43 —12.27) (—7.85 —4.14) (—8.81 —5.14) (—0.12 1.54)
I =73.6% P=0% I =87.4% I’=91.3%
z=—11.29 z=—6.34 z=—745 z=1.68
(p = 0.000) (p = 0.000) (p = 0.000) (p = 0.094)
PD 5 —17.73 —8.67 —9.42 4.31 NR
(—23.60 —11.85) (—13.00 —4.34) (—12.08 —6.75) (2.92 5.70)
’=834 I’ =62.7% I’ =14.2% I’ =77.6%
z=—592 z=—392 z=—6.92 z=6.07
(p = 0.000) (p = 0.000) (p = 0.000) (p = 0.000)
LVEF, %
>50 7 —16.21 —6.81 —7.67 133 —9.60
(—18.66 —13.76) (—8.58 —5.04) (—9.20 —6.14) (0.61 2.06) (—13.39 —5.78)
P=72.5% I=13.9% I*=83.3% I* =89.9% I*=28%
z=—1298 z=—7.53 z=-9.81 z=3.61 z=—493
(p = 0.000) (p = 0.000) (p = 0.000) (p = 0.000) (p = 0.000)
<50 3 —2.04 —2.24 —10.90 11.3 —25.60
(—10.28 6.19) (—7.97 3.50) (—20.10 —1.71) (8.29 14.32) (—44.37 —6.84)
(Continued)
Frontiersin Medicine 12 frontiersin.org



https://doi.org/10.3389/fmed.2024.1421085
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Zhou et al.

10.3389/fmed.2024.1421085

TABLE 2 (Continued)
Subgroup No. of studies SBP (mmHg) DBP (mmHg) NT—proBNP, LVESV, mL
*=0.0% >=0.0% r *=219% r="*
z=—0.49 z=—0.77 z=-232 =735 z2=-2.67
(p=0.627) (p = 0.445) (p = 0.020) (p = 0.000) (p = 0.007)
Follow—up duration (months)
>6 6 —14.90 —6.54 —6.80 427 —25.60
(—18.31 —11.49) (—8.93 —4.14) (—8.44 —5.16) (3.125.42) (—44.37 —6.84)
> = 70.8% I = 35.0% I* = 59.3% > =82.3% P=*
z=—856 z=-535 z=—8.122 2=7.300 z=—2.67
(p = 0.000) (p = 0.000) (p = 0.000) (p = 0.000) (p =0.007)
<6 4 —15.21 —6.28 —13.10 0.43 —9.59
(—18.44 —11.98) (—8.68 —3.89) (~16.97 —9.22) (—0.47 1.32) (—13.39 —5.78)
I* =83.1% > =0.0% I* = 88.8% I* = 93.5% I* = 28.0%
z=—9222 z=—5.14 z=—6.62 z=10.94 z=—493
(p = 0.000) (p = 0.000) (p = 0.000) (p = 0.350) (p = 0.000)
Sample size
>50 5 —15.32 —6.75 —8.03 1.26 —9.61
(—18.06 —12.57) (—8.63 —4.87) (—9.67 —6.39) (0.522.00) (—13.85 —5.37)
> =72.6% > =20.1% I* = 88.3% *=93.1% I* = 64.0%
z=-10.95 z=—7.04 z=-9.598 z2=333 z=—4.44
(p = 0.000) (p = 0.000) (p = 0.000) (p =0.001) (p = 0.000)
<50 5 —14.37 —4.94 —6.23 7.3 —12.33
(—18.91 —9.83) (—8.83 —1.04) (—10.12 —2.33) (5.09 9.50) (—20.20 —4.46)
I =80.3% P=17% I’ =0.0% P=772% P=571%
z=-621 z=—248 z=-3.13 z2=06.48 z=-3.07
(p = 0.000) (p=0.013) (p = 0.002) (p = 0.000) (p = 0.002)
Study design
Prospective 3 —17.33 —6.59 —4.88 —3.69 —12.33
(—20.82 —13.84) (—9.25 —3.94) (—6.87 —2.88) (—5.50 —1.88) (—20.20 —4.46)
I* =78.5% I’ =11.9% I* = 0.0% I* = 89.3% I*=57.1%
z=-9.73 z=—4.87 z=—478 z=—-3.99 z=-3.07
(p = 0.000) (p = 0.000) (p = 0.000) (p = 0.000) (p =0.002)
Retrospective 7 —13.20 —6.28 —11.60 —1.56 —9.61
(—16.37 —10.03) (—8.48 —4.09) (—13.91 —9.30) (—2.32 -0.79) (—13.85 —5.37)
I* = 69.9% *=19.1% > =71.6% > =92.3% I* = 64.0%
z=—-817 z=—561 z=-985 z=—3.99 z2=—4.44
(p = 0.000) (p = 0.000) (p = 0.000) (p = 0.000) (p = 0.000)
Subgroup No. of studies LVEDV, mL LVDd, mm E/e’ ratio IVSD, mm
Age (years)
>55 4 —16.10 0.99 0.47 —0.31 0.08
(—37.86 5.66) (—0.48 2.45) (—0.26 1.19) (—1.68 1.07) (—0.39 0.55)
=" I = 59.4% > =92.2% I = 44.8% I* = 0.0%
(Continued)
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TABLE 2 (Continued)

10.3389/fmed.2024.1421085

Subgroup No. of studies LVEDV, mL E/e’ ratio IVSD, mm
z=-145 z=132 z=1.26 z=—044 z2=10.34
(p=0.147) (p=0.187) (p =0.207) (p = 0.661) (p=0.732)
<55 6 —12.51 —2.76 —1.53 —0.35 —0.50
(—18.92 —6.11) (—3.62 —1.90) (—2.09 —0.97) (—1.18 0.48) (—0.82 —0.18)
> =4.5% >=0.0% > =0.0% I = 66.0% > =0.0%
z=-3.83 z=—6.30 z=-537 z=-0.83 z=-3.08
(p = 0.000) (p = 0.000) (p = 0.000) (p = 0.407) (p = 0.002)
Duration of dialysis (months)
>36 4 —12.68 —3.10 —4.74 —-3.20 —0.21
(—26.07 0.71) (—5.84 —0.37) (—8.38 —1.10) (—7.63 1.23) (—1.300.88)
> =0.0% r=* I* = 83.8% =" > =0.0%
z=—1.86 z=—222 z=-2.56 z=—142 z=—0.37
(p = 0.063) (p = 0.026) (p=0.011) (p=0.16) (p=0.710)
<36 A 6 —12.83 —2.50 —1.52 —0.35 —0.51
(—19.75 —5.91) (—3.35 —1.65) (—2.08 —0.96) (—1.18 0.48) (—0.83 —0.18)
I = 50.9% >=0.0% I* = 38.8% I = 66.0% I = 40.7%
z=—3.64 z=—574 z=—529 z=—0.83 z=—3.07
(p = 0.000) (p = 0.000) (p = 0.000) (p = 0.407) (p = 0.002)
Dialysis modality
HD 5 NR —1.64 —0.73 —0.40 —0.36
(—2.50 —0.78) (—1.17 —0.28) (—1.230.43) (—0.64 —0.08)
I = 84.0% > = 90.2% > =76.0% I* = 60.9%
z=-375 z=-321 z2=1022 z=-251
(p = 0.000) (p = 0.001) (p = 0.823) (p=0.012)
PD NR —2.25 —8.60 0.17 0
(—3.71 —0.79) (—19.47 2.27) (—1.29 1.627) (—0.830.83)
I>=52.1% P=* > =0.0% P=*
z=—3.03 z=—1.55 z=0.22 z=0.00
(p = 0.002) (p=0.121) (p = 0.823) (p = 1.000)
LVEF, %
>50 —12.51 NR —0.73 —0.26 —0.33
(—18.92 —6.11) (—1.17 —0.28) (—0.99 0.46) (—0.60 —0.05)
I’ =45% > = 90.9% I = 55.5% I* = 65.3%
z=-383 z=-3.19 z=—0.72 z=-235
(p = 0.000) (p=0.001) (p=0.473) (p=0.019)
<50 —16.10 NR —4.74 -3.20 —0.21
(—37.86 5.66) (—8.38 —1.10) (—7.63 1.23) (—1.300.88)
=" I = 83.8% P=* > =0.0%
z=-145 z=-2.56 z=—142 z=—0.372
(p=0.147) (p=0.011) (p = 0.157) (p=0.710)
Follow—up duration (months)
>6H 6 —16.10 —0.63 0.49 0.08 0.05
(Continued)
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TABLE 2 (Continued)

10.3389/fmed.2024.1421085

Subgroup No. of studies LVEDV, mL E/e’ ratio IVSD, mm
(—37.86 5.66) (—1.76 0.50) (—0.231.20) (—0.94 1.11) (—0.36 0.46)
=" > =85.7% I* =51.3% I* = 0.0% I* = 0.0%
z=-145 z=—1.09 z=133 z=0.16 z2=10.22
(p=0.147) (p=10.278) (p=0.182) (p=0.875) (p=0.825)
<6 A 4 —12.51 —2.69 —1.57 —0.7 —0.58
(—18.92 —6.11) (—3.67 —1.71) (—2.13 —1.01) (~1.710.26) (—0.92 —0.23)
> =4.5% I>=0.0% I = 89.0% I>=78.2% I* = 0.0%
z=-3.83 z=—537 z2=—547 z=—145 z=-328
(p = 0.000) (p = 0.000) (p = 0.000) (p = 0.147) (p = 0.001)
Sample size
>50 5 —12.83 —1.70 —0.73 —0.25 —0.33
(—19.75 —5.91) (—2.47 —0.93) (—1.17 —0.28) (—0.98 0.48) (—0.60 —0.05)
I = 50.9% I = 80.4% > = 90.9% I = 66.5% I* = 65.3%
7= —3.64 z=—4.32 z=-3.19 z=—0.67 z=-235
(p = 0.000) (p = 0.000) (p=0.001) (p = 0.505) (p=0.019)
<50 5 —12.68 —3.10 —4.74 —1.82 —0.21
(—26.07 0.71) (—5.84 —0.37) (—8.38 —1.10) (—4.79 1.15) (—1.300.88)
*=0.0% r="* I = 83.8% >=0.0% > =0.0%
z=-186 z=—2.22 z=—2.56 z=—1.20 z=—0.37
(p = 0.063) (p = 0.026) (p=0.011) (p=0.229) (p=0.710)
Study design
Prospectively 3 0.34 —2.81 0.7 0.03 0.34
(—1.16 1.83) (—5.810.18) (—0.712.11) (—0.41 0.46) (—1.16 1.83)
I* = 88.4% I* = 22.0% I* =73.7% I>=0.0% I = 88.4%
z=045 z=—184 z2=10.97 z=0.12 7 =045
(p = 0.657) (p = 0.066) (p = 0.330) (p = 0.902) (p = 0.657)
Retrospectively 7 —2.50 —1.51 —2.73 —0.49 —2.50
(—3.35 —1.65) (—2.07 —0.94) (—3.55 —1.91) (—0.81 —0.17) (—3.35 —1.65)
> =0.0% I>=0.0% 2=57.7% I =20.7% I>=0.0%
z=—574 z=—524 z=—6.52 z=—-297 z=—-574
(p = 0.000) (p = 0.000) (p = 0.000) (p = 0.003) (p = 0.000)

Results at 3- to 12-month follow-up were used unless otherwise stated. Mean differences are pooled meta-analysis estimates with 95% CIs. I? values are reported as a measure of heterogeneity.

Z scores with associated p-values are reported as tests of overall effect. ACEI indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor
neprilysin inhibitor; SBP, systolic blood pressure; DBP, diastolic blood pressure; NT-proBNP, N-terminal pro-B-type natriuretic peptide; LVEE, left ventricular ejection fraction; LVESYV, left
ventricular end-systolic volume; LVEDYV, left ventricular end-diastolic volume; LVDd, left ventricular end-diastolic diameter; LVDs, left ventricular end-systolic diameter; E/e’ ratio, the ratio
of early mitral inflow velocity to mitral annular early diastolic velocity; peak TR Vel, peak tricuspid regurgitation velocity; LAD, left atrial dimension; LVPWT, left ventricular posterior wall

thickness; IVSd, diastolic interventricular septum thickness. *Data were available in only one study.

inhibits cardiac remodeling and controls blood pressure effectively.
However, further prospective studies are needed to confirm
these results.

Subgroup analyses based on follow-up duration indicated
that ARNI can significantly improve left ventricular function
as early as 6 months, with benefits increasing over time. This
early effect is likely due to the high levels of NT-proBNP
and severe fluid retention common in dialysis patients, where
short-term use of ARNI proves particularly effective. The results

Frontiersin Medicine

suggest that the long-term benefits of ARNI, particularly in terms
of sustained blood pressure improvement and cardiovascular
prognosis, are significant. Therefore, early initiation of ARNI in
eligible patients could be advantageous. Stratified comparisons
by baseline characteristics revealed no significant differences or
heterogeneity between studies for the majority of indicators, further
validating the reliability of this meta-analysis.

We observed a linear relationship between left ventricular
ejection fraction (LVEF) and left ventricular end-diastolic volume
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precision

(LVEDV), marked by a high correlation coeflicient. Improvements
in LVEF correlated with greater reductions in LVEDV. This
relationship is likely because dialysis patients with diminished
ventricular function and abnormally enlarged ventricles may not
exhibit a significant difference in stroke volume compared to
normal controls but may have an increased LVEDYV, resulting
in a significantly lower ejection fraction. The role of ARNI in
reversing ventricular remodeling contributes to decreased LV end-
diastolic volume, ultimately enhancing ejection fraction. However,
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correlations between LVEF and other indices of left ventricular
function were not determined. Given the small sample size, these
findings should be interpreted with caution, and additional studies
are needed to confirm the effects of ARNI on isolated LVEF
improvements, independent of overall LV remodeling.

Our findings indicate that concerns regarding the occurrence
of hyperkalemia and hypotension should not deter the use of
ARNI in dialysis patients. Traditionally, hyperkalemia has been a
significant issue when inhibiting the renal angiotensin-aldosterone
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system, especially in patients with renal impairment. However, the
addition of neprilysin inhibition does not appear to elevate the risk
of hyperkalemia in patients already receiving renin-angiotensin-
aldosterone system inhibitors. Evidence from a meta-analysis in
patients with heart failure with reduced ejection fraction (HFrEF)
indicated that the incidence of hyperkalemia was lower in patients
treated with ARNI compared to those treated with ACEIs (40).
In our meta-analysis, no increase in the rate of hyperkalemia
was observed following the initiation of ARNI therapy. Based
on these findings, we conclude that ARNI is well tolerated in
dialysis patients.

Strengths and limitations

Strengths

This meta-analysis is the first to compare the effects of ARNI on
blood pressure and cardiac function in dialysis patients, providing
evidence for the effectiveness of ARNI treatment. We conducted
subgroup analyses based on baseline characteristics to address
potential heterogeneity. The low level of heterogeneity among the
data suggests that the observations are robust and likely to be valid
across various settings.

Limitations

However, this meta-analysis is not without limitations. First,
the primary limitation is that the included studies are observational,
which limits the ability to infer causality. While only four of the
included studies had control groups, many patients were on stable
ACEI/ARB therapy before starting ARNI, and we noted gradual
improvements after switching to ARNI. This indicates potential
benefits, but randomized controlled trials are needed to establish
a direct causal relationship. Second, as is the case with many meta-
analyses, the included studies generally had small sample sizes. This
may affect the power of the analysis to detect smaller effects and
may increase the potential for statistical error. Third, due to the
limited number of studies examining the effects of ARNI on the
cardiac system, specifically in dialysis patients, the studies included
were relatively concentrated in terms of year and geographic region
of publication. This concentration may introduce bias related to
specific population characteristics or healthcare practices, limiting
the generalizability of the findings. In conclusion, while this
meta-analysis provides valuable insights into the potential benefits
of ARNI for dialysis patients, the results should be interpreted
with caution.

Conclusion

This meta-analysis demonstrates that sacubitril/valsartan (SV)
significantly reduces blood pressure in dialysis patients. It confirms
its beneficial effects on left ventricular (LV) function, which
may be largely attributed to its capacity to reverse ventricular
remodeling. These effects appear to be particularly pronounced in
patients on long-term dialysis. Notably, S/V can produce significant
therapeutic improvements in LV function within just 6 months,
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with benefits increasing over time. Therefore, eligible patients
should initiate S/V therapy as early as possible.

Our findings also indicate that S/V maintains a relatively
favorable safety profile for dialysis patients. However, additional
prospective studies are required to more thoroughly determine the
efficacy and safety of S/V in this patient population. These studies
should aim to explore the long-term effects of ARNI on dialysis
patients, thereby enhancing physicians’ capacity to make early
prognostic assessments and tailor treatment strategies accordingly.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary material, further inquiries can be
directed to the corresponding author.

Author contributions

KZ: Writing - original draft, Writing - review & editing.
QZ: Writing - original draft, Writing — review & editing. WD:
Writing - review & editing. XL: Data curation, Methodology,
Validation, Writing - review & editing. YS: Data curation,
Project administration, Validation, Investigation, Writing — review
& editing. YZ: Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Acknowledgments

We wish to thank the Clinical Librarians in the Library of
Xuzhou Medical University for their advice on selecting search
terms and literature databases during search strategy development.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material
The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmed.2024.

1421085/full#supplementary-material

frontiersin.org


https://doi.org/10.3389/fmed.2024.1421085
https://www.frontiersin.org/articles/10.3389/fmed.2024.1421085/full#supplementary-material
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Zhou et al.

References

1. Himmelfarb ], Vanholder R, Mehrotra R, Tonelli M. The current
and future landscape of dialysis. Nat Rev Nephrol. (2020) 16:573-

85. doi: 10.1038/s41581-020-0315-4

2. Herzog CA, Mangrum JM, Passman R. Sudden cardiac death and dialysis patients.
Semin Dial. (2008) 21:300-7. doi: 10.1111/j.1525-139X.2008.00455.x

3. Foley RN, Parfrey PS, Sarnak MJ. Epidemiology of cardiovascular disease in
chronic renal disease. ] Am Soc Nephrol. (1998) 9:516-23.

4. Oreopoulos D, Thodis E, Paraskevas KI. The
of long-term peritoneal dialysis. Int Urol Nephrol.
10. doi: 10.1007/s11255-008-9370-7

5. Gan L, Lyu X, Yang X, Zhao Z, Tang Y, Chen Y, et al. Application of
angiotensin receptor-neprilysin inhibitor in chronic kidney disease patients: Chinese
expert consensus. Front Med(Lausanne). (2022) 9:877237. doi: 10.3389/fmed.2022.
877237

6. Kang H, Zhang J, Zhang X, Qin G, Wang K, Deng Z, et al. Effects of
sacubitril/valsartan in patients with heart failure and chronic kidney disease:
a meta-analysis. Eur ] Pharmacol. (2020) 884:173444. doi: 10.1016/j.ejphar.2020.
173444

promising  future
(2008)  40:405-

7. Martinez-Esteban MD, Vazquez-Sinchez T, Pozo-Alvarez R, Moreno-Ortiz A,
Alonso-Titos J, Martin-Reyes G, et al. Cardio-renal benefits of sacubitril/valsartan in
patients with advanced chronic kidney disease:experience in daily clinical practice.
BMC Nephrol. (2022) 23:293. doi: 10.1186/512882-022-02919-z

8. Yang L, Ye N, Bian W, Cheng H. Efficacy of medication therapy for
patients with chronic kidney disease and heart failure with preserved ejection
fraction: a systematic review and meta-analysis. Int Urol Nephrol. (2022) 54:1435-
44. doi: 10.1007/s11255-021-03025-2

9. Wang Y, Zhou R, Lu C, Chen Q, Xu T, Li D. Effects of the angiotensin-receptor
neprilysin inhibitor on cardiac reverse remodeling: meta-analysis. ] Am Heart Assoc.
(2019) 8:012272. doi: 10.1161/JAHA.119.012272

10. Zhang J, Du L, Qin X, Guo X. Effect of sacubitril/valsartan on the right
ventricular function and pulmonary hypertension in patients with heart failure with
reduced ejection fraction: a systematic review and meta-analysis of observational
studies. ] Am Heart Assoc. (2022) 11:¢024449. doi: 10.1161/JAHA.121.024449

11. House AA, Wanner C, Sarnak M]J, Pina IL, McIntyre CW, Komenda P, et al.
Heart failure in chronic kidney disease: conclusions from a Kidney Disease: Improving
Global Outcomes (KDIGO) Controversies Conference. Kidney Int. (2019) 95:1304-17.
doi: 10.1016/j.kint.2019.02.022

12. McMurray JJ, Packer M, Desai AS, Gong J, Lefkowitz MP, Rizkala AR, et al.
Angiotensin-neprilysin inhibition versus enalapril in heart failure. N Engl ] Med. (2014)
371:993-1004. doi: 10.1056/NEJMo0a1409077

13. Solomon SD, McMurray JJ, Anand IS, Ge ], Lam CS, Maggioni AP, et al.
Angiotensin-neprilysin inhibition inheart failure with preserved ejection fraction. N
Engl ] Med. (2019) 381:1609-20. doi: 10.1056/NEJMo0al908655

14. Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al.
Preferred reporting items for systematic review and meta-analysis protocols (PRISMA-
P) 2015 statement. Syst Rev. (2015) 4:1. doi: 10.1186/2046-4053-4-1

15. Wells GA, Shea B, O’Connell D, Peterson ], Welch V, Losos M, et al. The
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised stuies in meta-
analyses. Available at: http://wwwohrica/programs/clinical_epidemiology/oxfordasp
(accessed June 5, 2021.

16. Niu CY, Yang SE, Ou SM, Wu CH, Huang PH, Hung CL, et al. Sacubitril/valsartan
in patients with heart failure and concomitant end-stage kidney disease. ] Am Heart
Assoc. (2022) 11:¢026407. doi: 10.1161/JAHA.122.026407

17. Lee S, Oh ], Kim H, Ha J, Chun KH, Lee C]J, et al. Sacubitril/valsartan in patients
with heart failure with reduced ejection fraction with end-stage of renal disease. ESC
Heart Fail. (2020) 7:1125-9. doi: 10.1002/ehf2.12659

18. Wang B, Wang G-H, Ding X-X, Tang H-X, Zheng J, Liu B-C, et al. Effects of
Sacubitril/Valsartan on resistant hypertension and myocardial work in hemodialysis
patients. J Clin Hypertens (Greenwich). (2022) 24:300-8. doi: 10.1111/jch.14422

19. Feng Z, Wang X, Zhang L, Apaer R, Xu L, Ma J, et al. Pharmacokinetics and
pharmacodynamics of sacubitril/valsartan in maintenance hemodialysis patients with
heart failure. Blood Purif. (2022) 51:270-9. doi: 10.1159/000519643

20. Ding Y, Wan L, Zhang ZC, Yang QH, Ding JX, Qu Z, et al. Effects of
sacubitril-valsartan in patients undergoing maintenance dialysis. Ren Fail. (2023)
45:2222841. doi: 10.1080/0886022X.2023.2222841

21. Fu S, Xu Z, Lin B, Chen J, Huang Q, Xu Y, et al. Effects of sacubitril-valsartan in
heart failure with preserved ejection fraction in patients undergoing peritoneal dialysis.
Front Med (Lausanne). (2021) 8:657067. doi: 10.3389/fmed.2021.657067

Frontiersin Medicine

10.3389/fmed.2024.1421085

22. Ma JW, Ren LL, Huang JC, Bao SZ Dai LL, Ying J, Bian XY. Efficacy
of sacubitril/valsartan in peritoneal dialysis patients with HFpEF and its effect
on residual renal function. Zhonghua Yi Xue Za Zhi. (2023) 103:117-24.
doi: 10.3760/cma.j.cn112137-20220922-01998

23. Zhao C, Guo Y, Wang Y, Wang L, Yu L, Liang Y, et al. The efficacy and safety of
Sacubitril/Valsartan on pulmonary hypertension in hemodialysis patients. Front Med
(Lausanne). (2022) 9:1055330. doi: 10.3389/fmed.2022.1055330

24. Guo Y, Ren M, Wang T, Wang Y, Pu T, Li X, et al. Effects of sacubitril/valsartan
in ESRD patients undergoing hemodialysis with HFpEF. Front Cardiovasc Med. (2022)
9:955780. doi: 10.3389/fcvm.2022.955780

25. Fu S, Wang X, Song Q, Chen J, Tang Y. #5434 Efficacy of sacubitril/valsartan in
maintenance hemodialysis patients with heart failure with preserved ejection fraction.
Nephrol Dialysis Transpl. (2023) 38:gfad063b_5434. doi: 10.1093/ndt/gfad063b_5434

26. Wang ]G, Yukisada K, Sibulo A Jr, Hafeez K, Jia Y, Zhang J. Efficacyand
safety of sacubitril/valsartan (LCZ696) add-on to amlodipine inAsian patients with
systolic hypertension uncontrolled with amlodipine monotherapy. ] Hypertens. (2017)
35:877-85. doi: 10.1097/HJH.0000000000001219

27. Chang HY, Feng AN, Fong MC, Hsueh CW, Lai WT, Huang KC, et al.
Sacubitril/valsartan in heart failure with reduced ejection fraction patients: real world
experience on advanced chronic kidney disease, hypotension, and dose escalation. J
Cardiol. (2019) 74:372-80. doi: 10.1016/}.jjcc.2019.03.010

28. Raby K, Rocco M, Oparil S, Gilbert ON, Upadhya B. Heart failure primary
prevention: what does SPRINT add? Recent advances in hypertension. Hypertension.
(2021) 77:1804-14. doi: 10.1161/HYPERTENSIONAHA.121.16503

29. Messerli FH, Rimoldi SE Bangalore S. The transition from
hypertension to heart failure: contemporary update. JACC Heart Fail. (2017)
5:543-51. doi: 10.1016/j.jchf.2017.04.012

30. Woodard GE, Rosado JA. Natriuretic
physiology and pathology. Int Rev Cell Mol Biol.
93. doi: 10.1016/S1937-6448(08)00803-4

31. Solomon SD, Zile M, Pieske B, Voors A, Shah A, Kraigher-Krainer E, et al.
The angiotensin receptor neprilysin inhibitor LCZ696 in heart failure with preserved
ejection fraction: a phase 2 double-blind randomised controlled trial. Lancet. (2012)
380:1387-95. doi: 10.1016/S0140-6736(12)61227-6

vascular
268:59-

peptides  in
(2008)

32. Wang AY. Clinical utility of natriuretic peptides in dialysis patients. Semin Dial.
(2012) 25:326-33. doi: 10.1111/j.1525-139X.2012.01079.x

33. UK HARP-IIL. Collaborative Group. Randomized multicentre pilot study
of sacubitril/valsartan versus irbesartan in patients with chronic kidney disease:
United Kingdom Heart and Renal Protection (HARP)- III-rationale, trial design, and
baseline data. Nephrol Dial Transplant. (2017) 32:2043-51. doi: 10.1093/ndt/gfw321

34. Canu A, Hebert M, Gachet A, Arabucki E Maurin V, Picard E
et al. Results of a single center experience on 110 consecutive patients
treated with Entresto (sacubitril/valsartan). Arch Cardiov Dis Suppl. (2017)
9:33. doi: 10.1016/S1878-6480(17)30123-4

35. Murray G, Barrett M, Earls S, Hammond M, Campbell P, O’Hanlon R,
et al. Sacubitril/valsartan: a realworld experience in a high volume specialist
heart failure service. Heart. (2017) 103:A8-9. doi: 10.1136/heartjnl-2017-1C
S17.14

36. Hlavata K, Hoskova L, Franekova J, Jabor A, Kautzner ], Melenovsky V, et al.
Transition from angiotensin-converting enzyme inhibitor/angiotensin-II-receptor-
blocker tosacubitril/valsartan in chronic heart failure patients: Initial experiences
in clinical practice. Cor Vasa. (2018) 60:e209-14. doi: 10.1016/j.crvasa.2017.
10.009

37. Beltran P, Palau P, Dominguez E, Faraudo M, Nunez E, Guri O,
et al. Sacubitril/valsartan and short-term changes in the 6-minute walk test:
a pilot study. Int ] Cardiol. (2018) 252:136-9. doi: 10.1016/j.ijcard.2017.
10.074

38. Mantis C, Anadiotis A, Patsilinakos S. Impact of sacubitril/valsartan on
functional exercise capacity and quality of life in patients with heart failure with
reduced ejection fraction. Eur J Prev Cardiol. (2018) 25:573. doi: 10.1093/eurjpc/zwad

39. Elshafey WEH, Al Khoufi EA, Elmelegy EK. Effects of sacubitril/valsartan
treatment on left ventricular myocardial torsion mechanics in patients with heart
failure reduced ejection fraction 2D speckle tracking echocardiography. J Cardiovasc
Echogr. (2021) 31:59-67. doi: 10.4103/jcecho.jcecho_118_20

40. Solomon SD, Claggett B, McMurray JJ, Hernandez AF, Fonarow GC.
Combined neprilysin and renin-angiotensin system inhibition in heart failure with
reduced ejection fraction: a meta-analysis. Eur | Heart Fail. (2016) 18:1238-
43. doi: 10.1002/ejhf.603

frontiersin.org


https://doi.org/10.3389/fmed.2024.1421085
https://doi.org/10.1038/s41581-020-0315-4
https://doi.org/10.1111/j.1525-139X.2008.00455.x
https://doi.org/10.1007/s11255-008-9370-7
https://doi.org/10.3389/fmed.2022.877237
https://doi.org/10.1016/j.ejphar.2020.173444
https://doi.org/10.1186/s12882-022-02919-z
https://doi.org/10.1007/s11255-021-03025-z
https://doi.org/10.1161/JAHA.119.012272
https://doi.org/10.1161/JAHA.121.024449
https://doi.org/10.1016/j.kint.2019.02.022
https://doi.org/10.1056/NEJMoa1409077
https://doi.org/10.1056/NEJMoa1908655
https://doi.org/10.1186/2046-4053-4-1
http://wwwohrica/programs/clinical_epidemiology/oxfordasp
https://doi.org/10.1161/JAHA.122.026407
https://doi.org/10.1002/ehf2.12659
https://doi.org/10.1111/jch.14422
https://doi.org/10.1159/000519643
https://doi.org/10.1080/0886022X.2023.2222841
https://doi.org/10.3389/fmed.2021.657067
https://doi.org/10.3760/cma.j.cn112137-20220922-01998
https://doi.org/10.3389/fmed.2022.1055330
https://doi.org/10.3389/fcvm.2022.955780
https://doi.org/10.1093/ndt/gfad063b_5434
https://doi.org/10.1097/HJH.0000000000001219
https://doi.org/10.1016/j.jjcc.2019.03.010
https://doi.org/10.1161/HYPERTENSIONAHA.121.16503
https://doi.org/10.1016/j.jchf.2017.04.012
https://doi.org/10.1016/S1937-6448(08)00803-4
https://doi.org/10.1016/S0140-6736(12)61227-6
https://doi.org/10.1111/j.1525-139X.2012.01079.x
https://doi.org/10.1093/ndt/gfw321
https://doi.org/10.1016/S1878-6480(17)30123-4
https://doi.org/10.1136/heartjnl-2017-ICS17.14
https://doi.org/10.1016/j.crvasa.2017.10.009
https://doi.org/10.1016/j.ijcard.2017.10.074
https://doi.org/10.1093/eurjpc/zwad
https://doi.org/10.4103/jcecho.jcecho_118_20
https://doi.org/10.1002/ejhf.603
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

	Safety and efficacy of angiotensin receptor neprilysin inhibitor in improving cardiac function and blood pressure in dialysis patients
	Introduction
	Methods
	Study selection
	Information sources and search strategy
	Data extraction
	Risk of bias
	Outcome measures
	Statistical analysis

	Results
	Risk-of-bias assessment
	Effects of sacubitril/valsartan on blood pressure and NT-proBNP
	Effects of sacubitril/valsartan on left ventricular systolic function
	Effects of sacubitril/valsartan on left ventricular diastolic function
	Effects of sacubitril/valsartan on left ventricular hypertrophy
	Effects of sacubitril/valsartan on biomarkers for dialysis
	Effects of sacubitril/valsartan on LVEF and main indices compared with angiotensin-converting enzyme inhibitors/angiotensin receptor blockers
	Subgroup analyses
	Safety of sacubitril/valsartan
	Publication bias and sensitivity analysis
	Correlation analyses

	Discussion
	Strengths and limitations
	Strengths
	Limitations

	Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


