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Abstract

Background: Extracorporeal membrane oxygenation
(ECMO) support after heart transplant is a risk factor
for mortality in patients with severe graft dysfunction.
Extensive studies have shown that angiotensin receptor—
neprilysin inhibitor (ARNI) sacubitril-valsartan has a sig-
nificant effect on unloading and vascular remodeling in pa-
tients with heart failure; however, the impact of ARNIs
on heart transplant recipients remains unknown. Methods:
This observational, retrospective cohort study included 152
patients who underwent heart transplantation between Jan-
uary 2015 and April 2021. We excluded patients <18 years
old and those who underwent re-transplantation or multi-
ple organ transplantation. Patients were divided into two
groups based on whether they received an ARNI for at least
one month before transplant. The clinical data of recipi-
ents and donors from our institutional medical records and
the China Organ Transplant Response System were inter-
rogated. Results: In total, 67 patients (mean age, 49.6
years; 81% male) were treated with sacubitril/valsartan be-
fore transplant and included in the cohort. The total rate of
post-transplant ECMO use was 21.1% (n = 32). Kaplan—
Meier survival analysis showed a considerable increase in
6-month mortality in heart transplant recipients supported
by ECMO (log-rank p < 0.001). The rate of ECMO use
was significantly lower in patients treated with ARNIs than
for those who were not (13% vs. 27%; p = 0.041). The
multivariate analyses that included three models with dif-
ferent preset covariates demonstrated a lower risk of post-
transplant ECMO support in patients receiving the ARNI
(all p < 0.05). After propensity score matching, the re-
sults also suggested that ARNIs can be a protective factor
against post-transplant ECMO support (p = 0.042). Con-
clusion: Pretransplant use of ARNI agents was associated
with a lower risk of ECMO support after HT. Randomized
controlled trials are warranted to confirm the effectiveness
of ARNIs in improving post-transplant hemodynamics and
reducing ECMO use in HT recipients.

heart transplantation; sacubitril/valsartan; extracorporeal
membrane oxygenation

Introduction

Heart transplantation (HT) is the final and most de-
cisive treatment for advanced heart failure [1]. Despite the
favorable long-term outcomes, severe graft dysfunction that
occurs after the removal of the aortic cross-clamp is the
predominant cause of early death after HT [2]. The risk
factors associated with graft dysfunction reported in multi-
ple studies include pulmonary hypertension, recipient age
>60 years, diabetes mellitus, donor age >30 years, length
of ischemic time >240 minutes, female donor, prior car-
diac surgery, inotropic support, and amiodarone use [3—7].
Among them, pulmonary hypertension plays a significant
role in the development of graft dysfunction since the con-
tractile function of the right ventricle of the cardiac graft
is vulnerable to high pulmonary vascular resistance and af-
terload [8]. Early donor interventions [9], such as the use
of cold flush preservation fluid [2], early vasopressors [ 10—
12], and thyroid hormone replacement, can be beneficial
in reducing graft dysfunction after transplantation [11,13—
15]. However, there are limited data regarding the potential
medical management of recipients.

The current guidelines recommend angiotensin
receptor—neprilysin inhibitors (ARNIs) as one of the
cornerstones in treating heart failure with reduced ejection
fraction [16]. ARNIs are superior to angiotensin-converting
enzyme inhibitors in reducing the length of hospital stay
and cardiovascular death [17—19]. In addition, ARNIs have
greater vasodilator effects due to the simultaneous inhibi-
tion of neprilysin and angiotensin receptors [17]. Given the
greater vasodilator effect of ARNIs and their new role in
heart failure management, we sought to examine whether
ARNI therapy was associated with reduced graft failure
and the rate of extracorporeal membrane oxygenation
(ECMO) support after HT [5,20].
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Methods
Study Population

The Food and Drug Administration (FDA) approved
the use of the ARNI agent sacubitril—valsartan in 2015 [21],
the same year it was approved in China. In this observa-
tional retrospective study, we summarized and screened the
clinical data of all patients receiving HT from January 2015
to April 2021. Recipients who were <18 years old and
those who received multiple organ transplantation or re-
transplantation were excluded from the analysis. Patients
<18 years were excluded because (1) the number of recip-
ients was low, and (2) the differences in choice and dosage
of medication and postoperative management between ado-
lescent and adult patients may increase bias in the anal-
yses. Patients who underwent multiple organ transplan-
tations were excluded due to their complicated pretrans-
plant status with multiple organ dysfunctions, which may
have induced bias in the results. Pretransplant assessment
and medical optimization were performed according to the
guidelines. This study was conducted in accordance with
the Declaration of Helsinki and had been approved by the
Zhongshan Hospital Ethics Committee (approval number:
B2021-668R).

Source of Donor Hearts

The law prohibiting executed criminal donor organs
was passed on Jan 1st, 2015, the same year the China Organ
Transplant Response System was launched. In this study,
all donor hearts were donated voluntarily, and the informa-
tion of all donors was recorded and tracked in the allocation
system. The first-degree relatives of all organ donors and
recipients had signed informed consent forms for biomed-
ical research. This system had no “marginal” or “alterna-
tive” types of donor grafts. The allocation of organs was au-
tomatically completed, and the donor—recipient size match-
ing threshold was set between 80% and 120% of the recip-
ient’s weight.

Pretransplant Medications

Information on the pretransplant medications was col-
lected from hospital medical records and outpatient clinics.
Pretransplant sacubitril-valsartan exposure was defined as
sacubitril-valsartan treatment that had been tolerated for at
least 30 days and continued to the day of transplantation.
Titration began at 25 mg b.i.d. and gradually increased to
the target dose, which was determined according to the sys-
tolic blood pressure of the patients. Other medications, such
as loop diuretics, beta-blockers, aldosterone receptor an-
tagonists, and sodium—glucose co-transporter-2 inhibitors,
were also documented and included in the analyses.
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Immunosuppressive Treatment

In this study, all patients were treated according to
the same immunosuppressive protocol. Induction of mono-
clonal antibodies targeted against the IL2 receptor (basilix-
imab 20 mg) was administered intraoperatively and contin-
ued for four postoperative days. Patients received methyl-
prednisolone at the time of aortic clamping. Maintenance
immunosuppression consisted of tacrolimus, mycopheno-
late mofetil, cyclosporine, and corticosteroids; tacrolimus
levels were targeted to a trough of 10-15 ng/mL during
months 0-3, while cyclosporine was adjusted to achieve a
trough concentration of 300 ng/mL during the initial three
months. Mycophenolate mofetil was administered at a dose
of 750 mg every 12 hours, and prednisolone was adminis-
tered enterally at a dose of 1 mg/kg twice daily.

Study Outcomes and Indications for Post-transplant

ECMO

The primary outcome of this study was 6-month mor-
tality, and the secondary outcome was the post-transplant
support of ECMO. At our institution, the orthotopic anas-
tomosis was the only performed operation for HT. After
the aortic cross-clamp was removed, the contractility of the
graft was checked by the operating surgeon and an echocar-
diographer. The signs of right ventricular graft failure in-
cluded a dilated and rigid right ventricle, elevated central
venous pressure, persistent hypotension, and unalleviated
pulmonary hypertension, for which cardiopulmonary by-
pass was usually prolonged and supplemented alongside
the inhalation of nitric oxide and higher doses of inotropic
and vasoactive agents. When graft dysfunction was per-
sistent and led to difficulties in weaning from cardiopul-
monary bypass (CPB), veno—arterial ECMO was initiated,
and central cannulations were transferred into the femoral.
Further, we evaluated graft function, left ventricular out-
flow tract velocity—time integral, and the status of periph-
eral perfusion in the intensive care unit daily. The objective
criteria for considering the initiation of ECMO included a
vasoactive-inotropic score greater than 30 with a cardiac in-
dex less than 2.0 Lemin*m?, mean arterial pressure less than
50 mm Hg, central venous pressure greater than 20 mmHg,
and a significant right ventricular function, as assessed by
an echocardiogram [22].

ECMO Management

Effective management of VA-ECMO involves several
key areas, such as circulatory support, anticoagulation, in-
fection control, and nutritional support [23]. In brief, in-
travenous heparin was administered at an initial rate of 300
U/h once the chest tube drainage became serious. Partial
thromboplastin time is monitored every 8 hours after be-
ginning heparin administration to achieve a partial throm-
boplastin time range of 60—80 seconds. ECMO flow is typ-

Ell


https://journal.hsforum.com/

ically maintained between 50 and 70 mL/kg/min (around
4—6 L/min) and generally provides adequate support. Opti-
mizing hemodynamic stability involves using minimal va-
soactive agents to maintain a central venous pressure be-
low 13 mmHg and mean arterial pressure above 65 mmHg.
Moreover, ventilator support is tapered as early as possi-
ble to reduce the risk of ventilator-associated pneumonia,
and patients are extubated while still on ECMO. Weaning
from ECMO is considered when there is progressive clini-
cal improvement, such as enhanced graft function, recovery
of end-organ function, and reduced dependence on vasoac-
tive medications. A combination of echocardiographic as-
sessments and hemodynamic data is used to evaluate indi-
cations for weaning. A bedside weaning trial is performed
for suitable candidates, where ECMO flow is temporarily
reduced to 1 L/min. Improvement in graft function, as ob-
served through echocardiography, is an important factor in
predicting successful weaning.

Statistical Analysis

Continuous variables are shown as the mean =+ stan-
dard or median (interquartile range) based on their normal-
ity distribution and were compared using the Student’s #-
test or U-test, as appropriate. Categorical variables are ex-
pressed as numbers with percentages and compared using
the chi-square test. The Kaplan—Meier method and the log-
rank test were used to estimate and compare postoperative
survival. We used two statistical methods to balance the
baseline characteristics: (1) adjusted multivariable analy-
sis with different preset covariates and (2) propensity score
matched (PSM) analysis. The independent risk factors for
post-transplant ECMO support were initially screened us-
ing the univariate logistic regression (Supplementary Ta-
ble 1), and variables with a p < 0.05 were included in
the multivariate logistic regression with the stepwise se-
lection method. In the propensity score matching analysis,
we calculated the propensity scores using a logistic regres-
sion model that included the following variables: recipient
age, sex, height, weight, and baseline medications, includ-
ing loop diuretics, beta-blockers, aldosterone receptor an-
tagonists, and sodium—glucose co-transporter-2 inhibitors.
We used the nearest neighbor matching with a caliper of
0.1; each treated patient was matched with the nearest avail-
able neighbor on the estimated propensity score with a 1:1
matching algorithm without replacement. All statistical
tests were two-sided; a p < 0.05 was considered statisti-
cally significant. Statistical analysis was performed using
SPSS 25.0 SPSS Inc., Armonk, NY, USA).
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Clinical Demographics of the Study Cohort

There were 152 HT recipients enrolled in this study,
including 67 (44.1%) patients who underwent ARNI ther-
apy before transplant and 85 (55.9%) patients who did not
receive ARNI therapy. The median duration of ARNI treat-
ment was 4 (2, 36) months. With a target systolic blood
pressure of 90-100 mmHg, the median ARNI dosage was
titrated to a median dose of 100 (interquartile range 50—
162.5) mg per day at the time of transplant. The baseline
clinical characteristics of the patients are shown in Table 1.
The ages, body weight, and rates of most comorbidities for
the donors and recipients were comparable between the two
groups, except that there were higher rates of diabetes and
hypertension in the patients who received ARNI therapy.
Due to the strict control policy during the COVID-19 pan-
demic, no recipient was infected by COVID-19 before HT,
and the number of transplantations was not significantly af-
fected. The 30-day mortality was 14.5% (n = 22), including
10 patients with persistent graft failure, 8 with septic shock,
3 with bleeding during ECMO support, and 1 with cerebral
hemorrhage.

Pretransplant Hemodynamic Parameters

The baseline echocardiographic data demonstrated
that patients receiving ARNI treatment had lower left ven-
tricular ejection fraction than those who did not receive AR-
NIs in both the unmatched and matched cohorts. The right
heart catheterization measurements showed that the cardiac
indices of the patients with ARNI therapy were significantly
lower. However, the central venous pressure was remark-
ably lower in the ARNI group, while no significant differ-
ences were observed in the other parameters between the
two groups, such as pulmonary artery systolic pressure, pul-
monary artery diastolic pressure, pulmonary vascular resis-
tance, mean pulmonary artery pressure, and pulmonary cap-
illary wedge pressure.

Study Endpoints

The 30-day mortality was 14.5% (n = 22), including
10 patients with persistent graft failure, 8 with septic shock,
3 with bleeding during ECMO support, and 1 with cerebral
hemorrhage. There were no cases of hyperacute rejection.
Vasoactive agents, including norepinephrine, dobutamine,
and milrinone, were administered in almost all (98%) heart
transplant recipients in this cohort, which prevented us from
making meaningful comparisons. The strategy of choosing
and titrating vasoactive agents was consistent over the study
period and based on the hemodynamics of the recipients.
Nitric oxide was inhaled in 59 (38.6%) patients with
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Table 1. Baseline demographics of heart transplant recipients with and without ARNI therapy.

wn10,] £423.NS JADIL]

Before matching After matching
Characteristic Non-ARNI ARNI Non-ARNI ARNI o
p-value p-value  Standardized difference
N=2_85 N=067 N=39 N=39
Recipient age (years) 50 (34.5,58)  52(43.3,60.5) 0.44 52 (44, 57) 51 (41, 58) 0.64 —0.442
Donor age (years) 37.5+82 38.5+8.2 0.59 38.8 +8.2 37.9 +10.8 0.69 0.095
Recipient gender (male) (%) 64 (75%) 54 (81%) 0.44 25 (64.1%) 28 (71.8%) 0.47 0.165
Donor gender (male) (%) 70 (89%) 60 (92%) 0.81 31 (88.6%) 33 (89.2%) 0.93 -0.019
Recipient height (m) 1.7+ 0.1 1.7+ 0.1 0.90 1.7+ 0.1 1.7+£0.1 0.31 0.232
Donor height (m) 1.7 £ 0.1 1.7+ 0.1 0.50 1.7+ 0.1 1.7+ 0.1 0.60 0.124
Recipient weight (kg) 649 £ 13.5 65.0 £ 11.2 0.36 63.4+ 153 64.4+11.3 0.74 —0.076
Donor weight (kg) 659+74 66.0 £9.0 0.90 642 +72 64.6 £ 8.7 0.86 —-0.043
Recipient body mass index (kg/m?) 22.7+3.8 228 +3.2 0.90 22.1+42 23.1+3.6 0.26 —0.255
Donor body mass index (kg/m?) 232+ 1.7 234 +23 0.52 229+ 1.8 233 +23 0.48 —0.166
Diabetes (%) 5(5%) 9 (13%) 0.11 2 (5.1%) 4 (10.3%) 0.68 0.193
Hypertension (%) 2 (2.4%) 10 (14.9%) 0.006 1(2.6%) 4 (10.3%) 0.36 -0.314
Chronic kidney disease (%) 4 (4.7%) 8 (11.9%) 0.13 2 (5.1%) 6 (15.4%) 0.26 -0.339
Type of cardiomyopathy (ischemic) (%) 9 (10.6%) 9 (13.4%) 0.59 3 (7.7%) 7 (17.9%) 0.18 -0.517
Previous cardiac surgery (%) 12 (14%) 10 (15%) 0.89 6 (15.4%) 9 (23.1%) 0.39 0.194
Pretransplant mechanical support (%) 1(1.2%) 2 (3.0%) 0.58 0 (0%) 2 (5.1%) 0.49 -0.325
Loop diuretics (%) 54 (63.5%) 66 (98.5%) <0.001 36 (92.3%) 38 (97.4%) 0.62 -0.231
Dose of loop diuretics (mg as furosemide) 40 (20, 40) 40 (20, 40) 0.47 40 (20, 40) 30 (20, 40) 0.52 0.271
ACEi/ARB (%) 12 (14.1%) 13 (19.4%) 0.38 11 (28.2%) 5(12.8%) 0.16 0.383
Beta-blockers (%) 43 (56.6%) 50 (74.6%) 0.003 29 (74.4%) 28 (71.8%) 0.80 0.057
Aldosterone receptor antagonists (%) 33 (38.8%) 61 (91%) <0.001 33 (84.6%) 33 (84.6%) >0.99 0.000
Sodium-—glucose co-transporter-2 inhibitors (%) 2 (2.4%) 14 (20.9%) <0.001 2 (5.1%) 4(10.3%) 0.68 —0.191
Systolic blood pressure (mmHg) 105.3 £ 19.1 97.8 £ 16.4 0.013 1033 £156 99.0+16.3 0.24 0.271
Diastolic blood pressure (mmHg) 64.8 + 13.7 60.9 + 13.8 0.093 64.5 + 14.1 61.7+12.9 0.36 0.214
Heart rate (bpm) 8224+ 15.0 82.3 £ 18.8 0.97 82.6 £17.3 80.5 £ 16.2 0.58 0.127
Left ventricular ejection fraction (%) 348 £ 15.9 28.7£8.1 0.003 339+ 14.7 299 +9.1 0.17 0.321
Tricuspid annular plane systolic excursion <16 mm (%) 46 (54.1%) 40 (59.7%) 0.49 21 (56.8%) 22 (57.9%) 0.92 —0.205
Cardiac index (mL/min/m2) 2.2(1.6,3.0) 1.9(1.5,2.5) 0.011 1.9(1.5,24) 23(1.5,2.8) 0.22 0.419
Central venous pressure (mmHg) 13.5 (8, 18) 9 (5, 15) 0.022 9.5 (5, 15.3) 14 (10, 19) 0.064 0.434
Pulmonary arterial systolic pressure (mmHg) 451+ 172 46.0 £ 17.7 0.77 44.1 £18.0 473 +£19.8 0.45 -0.173
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Table 1. Continued.

Before matching After matching
Characteristic Non-ARNI ARNI Non-ARNI ARNI o
p-value p-value Standardized difference
N=285 N=67 N=39 N=39
Pulmonary artery diastolic pressure (mmHg) 212 £11.5 21.6 +£10.7 0.84 223 +11.7 227+ 11.6 0.87 —0.033
Mean pulmonary artery pressure (mmHg) 305+ 13.6 29.0 +12.2 0.51 30.4 + 13.0 30.7 + 14.0 0.93 -0.022
Pulmonary artery wedge pressure (mmHg) 20.2 +9.8 20.8 + 8.8 0.75 20.2 +£9.8 20.3 +£8.5 0.96 -0.012
Pulmonary vascular resistance (Wood unit) 3.5(2.2,57) 3.1(2,5.6) 0.51 3.1(2.1,5.7) 34(2.2,7) 0.65 0.115
Plasma potassium (mmol/L) 41+04 4.0+0.5 0.054 42+04 4.0+0.5 0.095 0.382
Serum creatinine (pmol/L) 109.4 + 60.5 122.0 +89.9 0.34 123.5+91.9 125.9 + 66.0 0.25 -0.279
Ischemic time (min) 170 (112,335) 319(237,345) <0.001 325.5(239,346.3) 230(110,348)  0.004 -0.710
Cardiopulmonary bypass time (min) 1873 £75.2 184.0 +72.7 0.79 169.1 + 65.9 1855+ 67.5 0.31 —0.247

Data are presented as the mean + standard deviation, median (interquartile range, IQR) or n (%); The hemodynamic data derived from pretransplant evaluation period; ACEi/ARB,

angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers; ARNI, angiotensin receptor—neprilysin inhibitor. The p-values less than 0.1 are presented in bold.

Table 2. The clinical outcomes.

Non-ARNI ARNI

Outcome p-value
N=285 N=67

ECMO, n (%) 23 (27%) 9 (13%) 0.041

Duration of ECMO (hours)  30.5 +£58.1  31.2 4+ 105.3 0.96

6-month mortality, n (%) 16 (18.8%) 10 (14.9%) 0.47

Data are presented as the mean + standard deviation or n (%); ARNI,
angiotensin receptor—neprilysin inhibitor; ECMO, extracorporeal mem-
brane oxygenation. The p-values less than 0.1 are presented in bold.
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Table 3. Risk factors for ECMO support post-transplant.

Variabl Univariable logistic regression Model 1 Model 2 Model 3
ariables
OR (95% CI); p-value OR (95% CI); p-value  OR (95% CI); p-value  OR (95% CI); p-value
0.418 0.317 0.317 0.269
Pretransplant use of ARNI (0.179-0.978) (0.103-0.98) (0.103-0.98) (0.081-0.891)
0.044 0.046 0.046 0.032
. 10.4 14.391 14.391 13.572
Cardiopulmonary bypass
. (3.714-29.120) (4.3647.501) (4.36-47.501) (4.028-45.729)
time (>3 hours)
<0.001 <0.001 <0.001 <0.001
2.5 2.487 2.487 2.806
Mean pulmonary artery
(1.055-5.924) (0.888-6.968) (0.888-6.968) (0.96-8.196)
pressure (>30 mmHg)
0.037 0.083 0.083 0.059
0.771
The year of transplant
(0.258-2.310)
(later than 2017)
0.643
0.985
Recipient age (0.956-1.014)
0.304
) 0.995
Left ventricular
. . (0.965-1)
ejection fraction
0.752

elevated pulmonary artery pressure. Post-transplant tricus-
pid annular plane systolic excursion <16 mm was observed
in 66 (43.4%) patients. The overall rate of graft dysfunc-
tion was 30.3% (n = 46), and 32 (21.1%) patients with se-
vere graft dysfunction received ECMO support (Table 2).
The rate of ECMO support in the ARNI group was signifi-
cantly lower than in the non-ARNI group (13% vs. 27%, p
=0.041). The average time of ECMO support and 6-month
mortality were comparable between the two groups. Nev-
ertheless, the combined risk for mortality estimated by the
Kaplan—Meier method was higher in the ECMO-supported
patients (log-rank p = 0.47; Supplementary Fig. 1). In the
propensity score matched cohort, the rate of post-transplant
ECMO remained higher in the non-ARNI group (5% vs.
26%; p =0.042). Similarly, Kaplan—-Meier analysis showed
comparable survival between the two matched groups (log-
rank p = 0.94; Supplementary Fig. 1).

Risks for Post-Transplant ECMO

Several predictors of ECMO support were identified
in the univariate logistic analysis, including pretransplant
mean pulmonary artery pressure (odds ratio (OR), 2.5; 95%
confidence interval (CI), 1.055-5.924; p = 0.037), pre-
transplant use of sacubitril-valsartan (OR, 0.418; 95% CI,
0.179-0.978; p = 0.044), and total CPB time (OR, 10.4;
95% CI, 3.714-29.120; p < 0.001). All univariate analyses
are shown in Supplementary Table 1. In the multivari-
ate analyses, we constructed three types of adjusted mod-
els: Model 1 was adjusted for the above three variables
plus the year of transplant; Model 2 was adjusted for the
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above three variables plus the year of transplant and recipi-
ent age; Model 3 was adjusted for the above three variables
plus the left ventricular ejection fraction of the recipient be-
fore HT. The results of the multivariate analyses demon-
strated that the risk of post-transplant ECMO support was
lower in patients receiving ARNI (Model 1: OR, 0.317;
95% CI, 0.103-0.98; p = 0.046; Model 2: OR, 0.317; 95%
CIL, 0.103-0.98; p = 0.046; Model 3: OR, 0.269; 95% CI,
0.081-0.891; p = 0.032 (Table 3)). Nitric oxide inhalation
did not significantly correlate with post-transplant ECMO
support (p = 0.065).

The results of this investigation indicate that admin-
istering ARNIs pretransplant may be associated with a re-
duced risk of ECMO support after HT. The importance of
this study stems from the findings that severe graft dysfunc-
tion, despite the advances in ECMO support, remains as-
sociated with significant mortality and morbidity after HT.
Therefore, every effort should be made to optimize the re-
cipients’ hemodynamic status, avoid donor—recipient mis-
match, and reduce ischemic time. Our findings suggest the
potential benefit of administering ARNIs to HT candidates.

Sacubitril-valsartan combines the renin—angiotensin—
aldosterone system antagonism with the amplification of
the natriuretic peptide system [25]. Studies have illustrated
an effective application of ARNI therapy for treating re-
duced ejection fraction with severe pulmonary hyperten-
sion [23,26-28] and validated the superiority of adminis-
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tering ARNIs compared with isolated angiotensin blockers
in reversing pulmonary hypertension [29]. The existing lit-
erature also presents inconclusive evidence regarding the
impact of ARNIs on hemodynamic parameters. Previous
retrospective studies have shown that sacubitril-valsartan
treatment significantly improved the hemodynamic profile
of patients with advanced heart failure without causing hy-
potension or worsening renal function [29,30]. Meanwhile,
other studies have reported that ARNI did not significantly
alter hemodynamic parameters, including left ventricular
ejection fraction, cardiac output, and pulmonary vascular
resistance [31]. Similarly, the results from the unmatched
cohort in the current study demonstrated that the rate of
post-transplant ECMO was lower in patients receiving an
ARNI despite comparable left ventricular ejection fraction,
right heart function, cardiac output, pulmonary artery pres-
sure, and vascular resistance, while pretransplant central
venous pressure was significantly lower. After propen-
sity score matching, the difference in pretransplant central
venous pressure became statistically non-significant, but
the correlation between ARNI therapy and post-transplant
ECMO support remained. Using an ACEi/ARB was not
associated with significant changes in pretransplant hemo-
dynamic factors in a subgroup analysis of patients without
ARNI therapy. These analyses suggest that the potential as-
sociation between administering an ARNI and a lower rate
of post-transplant ECMO was not established through iso-
lated optimization of pretransplant hemodynamics.

The specific mechanisms underlying the benefit of us-
ing an ARNI to maintain post-transplant hemodynamics re-
main unclear and could be complicated by neurohormonal
or immunological factors. Mouse models have shown the
beneficial combinatorial effect of neprilysin inhibition and
angiotensin blocking, in part through the upregulation of
natriuretic peptide receptor-C signaling and cyclic guano-
sine monophosphate-mediated vasodilation and downreg-
ulation of inflammatory secretion [27,32]. It is hypothe-
sized that ANRIs might reduce post-transplant ECMO use
by mitigating inflammation and increasing graft compli-
ance, especially in the right ventricle. Additionally, AR-
NIs enhance cardiac function by inhibiting the degrada-
tion of enkephalins, leading to improved myocardial relax-
ation. In a rabbit model of heart failure, ARNI therapy im-
proved post-infarction heart function, with protein analyses
indicating reverse remodeling of phosphorylated CaMKII
following treatment [33]. Moreover, ARNI-induced al-
terations in peripheral vascular function appear to play
a significant role. ARNI enhances peripheral circulation
by improving endothelial cell function and exerting anti-
inflammatory and antioxidant effects, leading to vasodila-
tion and reduced cardiac workload, which may ultimately
decrease the need for mechanical support. In a model of
diabetic cardiomyopathy, sacubitril-valsartan treatment re-
duced the expression of proinflammatory cytokines and
heart failure biomarkers by downregulating the expression
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of cell adhesion molecules such as intercellular adhesion
molecule-1 (ICAM-1) and vascular endothelial cell adhe-
sion molecule-1 (VCAM-1), suggesting anti-inflammatory
and anti-heart failure effects [34]. The results from basic
research provide a theoretical rationale for the clinical ap-
plication of ARNI in HT recipients. Future studies are war-
ranted to examine the molecular alterations associated with
ARNI during early transplantation and provide novel tar-
gets for drug discovery.

To our knowledge, the current study is the first to
investigate the effect of sacubitril-valsartan treatment on
ECMO support in HT recipients. The negative impacts of
ARNIs include hypotension, impaired renal function, hy-
perkalemia, and angioedema [35]. Therefore, patients re-
ceiving continuous ARNI therapies require close follow-up
assessments. Caution should be used in HT candidates who
become hypotensive after receiving the lowest dosage of
ARNI, which may result in low cardiac output syndrome
and reliance on inotropes or mechanical support.

There are several limitations in our study. First, there
is an inherent limitation of observational studies that un-
cover associations but preclude the determination of causal
relationships. Second, the decision to initiate ECMO de-
pended on graft function, which could result from non-graft
factors such as volume status and degree of acidosis. The
subjective analysis of cardiothoracic surgeons and physi-
cians in the intensive care unit can also affect the decision,
which might promote an element of selection bias due to in-
terobserver variation. Third, this study is based on a single-
center experience and a relatively small sample size, which
may limit the generalizability of the findings. Moreover,
there was a lack of pathological evidence of rejection be-
cause, at our institution, patients supported with ECMO
were considered hemodynamically unstable and not suit-
able for endomyocardial biopsies. Finally, to address the
potential confounding effect of operating time, we com-
pared the clinical data of patients who underwent transplan-
tation before and after 2017 (Supplementary Table 2). The
results showed better adherence to guideline-directed medi-
cal therapy in patients operated on after 2017 despite a sim-
ilar rate of ECMO support. Therefore, the present results
will require confirmation in larger cohorts, preferably with
a randomized controlled study design.

Conclusion

Pretransplant use of ARNI agents was associated with
a lower risk of ECMO support after HT. Future studies are
warranted to confirm the effectiveness and safety of ARNIs
in reducing ECMO use in HT recipients.
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