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Background: Peripartum cardiomyopathy (PPCM) is a common cause of heart 
failure (HF) in the peripartum. Some medications are considered safe while 
breastfeeding. However, sacubitril/valsartan (Entresto), while efficacious, is not 
recommended in breastfeeding women due to concerns about adverse infant 
development, and no published data suggest otherwise.

Objectives: This study aimed to assess the transfer of sacubitril/valsartan into 
human milk and evaluate the infant’s risk of drug exposure.

Methods: The InfantRisk Human Milk Biorepository released samples and 
corresponding health information from five breastfeeding maternal–infant 
dyads exposed to sacubitril/valsartan. Sacubitril, valsartan, and LBQ657 
(sacubitril active metabolite) concentrations were determined using liquid 
chromatography-mass spectrometry (LC/MS/MS) from timed samples 0, 1, 2, 4, 
6, 8, 10, and 12  h following medication administration at steady state conditions.

Results: Valsartan levels were below the detection limit of 0.19  ng/mL in all milk 
samples. Sacubitril was measurable in all milk samples of the five participants, 
peaking 1  h after drug administration at a mean concentration of 1.52  ng/mL for a 
total infant dose of 0.00049  mg/kg/12  h and a relative infant dose (RID) calculated 
at 0.01%. The maximum concentration of its active metabolite LBQ657 in the 
milk samples was observed 4  h after medication administration and declined 
over the remaining 12-h dosing interval, for an average concentration of 9.5  ng/
mL. The total infant dose was 0.00071  mg/kg/12  h, and the RID was 0.22%. Two 
mothers reported continuing to breastfeed while taking sacubitril/valsartan; 
both mothers stated observing no negative effects in their breastfed infants.

Conclusion: The transfer of sacubitril/valsartan into human milk is minimal. 
These concentrations are unlikely to pose a significant risk to breastfeeding 
infants, with a combined calculated RID of <0.25%, which is far lower than the 
industry safety standards (RID <10%).
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Introduction

Human milk is the ideal source of nutrition for infants; 
breastfeeding is currently encouraged in mothers for the first 2 years 
postpartum (1). The 2022 American Academy of Pediatrics’ extension 
of lactation recommendations from 12 to 24 months is rooted in the 
dose-intensive amplification of maternal health outcomes rather than 
infant benefits (1). Several studies discuss the protective association 
between breastfeeding and short- and long-term maternal 
cardiovascular risk factors such as hypertension, stroke, type 2 
diabetes, obesity, and metabolic syndromes, culminating in decreased 
cardiovascular disease incidence and mortality (2, 3). These benefits 
may be explained by the maternal reset hypothesis, where lactation 
leads to the reestablishment of glucose and lipid homeostasis after 
pregnancy (3, 4). Increased lifetime lactation is associated with 
reduced primary and secondary cardiovascular disease prevalence (2).

Heart failure (HF) is a complex syndrome resulting from any 
structural or functional impairment to ventricular filling or ejection 
of blood from the heart (5). Common causes include ischemic heart 
disease, hypertension, valvular disease, cardiomyopathies, and 
peripartum cardiomyopathy (PPCM) (5). PPCM is an idiopathic 
dilated cardiomyopathy that presents as a new onset of left ventricular 
dysfunction occurring toward the end of pregnancy or following 
delivery without any known cause (6, 7). Risk factors include multiple 
pregnancies, ethnicity, smoking, diabetes, hypertension, 
pre-eclampsia, the age of the mother, prolonged use of beta-agonists, 
and viral infections (7). The incidence of PPCM doubled between 
1990 and 2000 and increased another 38% from 2004 to 2011 (8). 
Cardiovascular disease now accounts for approximately 30% of 
maternal mortality in the United States. Cardiomyopathy accounts for 
50 to 65% of these cases, underscoring the major impact of PPCM and 
the potential impact of medication treatments on maternal mortality 
(9, 10).

Therapeutic interventions for maternal HF and PPCM aim to 
modify risk factors, treat structural changes, and reduce symptoms, 
morbidity, and mortality. Sacubitril was the first Food and Drug 
Administration (FDA)-approved agent of the angiotensin receptor 
neprilysin inhibitor (ARNI) drug class in combination with valsartan, 
an angiotensin receptor blocker (ARB) (5, 11). Sacubitril inhibits 
neprilysin, an enzyme responsible for degrading vasoactive peptides 
(e.g., natriuretic peptide, adrenomedullin, and bradykinin), 
prolonging vasodilation, diuresis, natriuresis, and inhibiting fibrosis. 
Valsartan, an ARB, is used in conjunction with sacubitril to inhibit the 
effect of excess angiotensin II (ANG II) (5, 11). The drug combination 
simultaneously counteracts ANG II’s negative effects while retaining 
the advantages of increased NPs (5, 11). Sacubitril/valsartan decreases 
the risk of hospitalization and cardiovascular death in patients with 
chronic HF with reduced ejection fraction with the New York Heart 
Association (NYHA) classes II, III, or IV versus valsartan alone, as 
suggested by the Prospective Comparison of ARNI with ARB Global 
Outcomes in HF with Preserved Ejection Fraction (PARAGON-HF) 
and the Prospective Comparison of ARNI with ARB on the 
Management of Heart Failure with Preserved Ejection Fraction 
(PARAMOUNT-HF) (6, 11).

Medications are considered “on-label” for breastfeeding women 
when used for an FDA-approved indication independent of lactation 
status (12). Although sacubitril/valsartan is FDA-approved and 
known to be beneficial to treat HF, and breastfeeding is known to 

reduce adverse cardiovascular outcomes on a population scale, the 
drug is not recommended by LactMed, the FDA, the American 
College of Cardiology (ACC), or the American Heart Association 
(AHA) in breastfeeding women. This recommendation is due to 
concerns about unknown infant adverse events, such as hypotension, 
and the lack of published data, including the concentrations of 
sacubitril/valsartan transferred in milk (6, 7, 13). Though these 
guidelines support using angiotensin-converting enzyme inhibitors 
while breastfeeding, ARBs are not mentioned (14). Research studies 
have yet to be  conducted on the maternal use of sacubitril or 
valsartan and their transfer into breast milk or on the effects on 
breastfed infants.

It is plausible that postpartum women suffering from primary 
cardiovascular diseases such as HF could benefit from the pleiotropic 
effects of lactation. However, many women requiring chronic 
medication treatment are advised to discontinue breastfeeding out of 
an abundance of caution due to potential infant drug exposure and 
resulting adverse effects (15). This study aims to quantify the amount 
of drug present in the milk of mothers taking the HF medication, 
sacubitril/valsartan, and report any observed effects on their 
breastfed infants.

Materials and methods

Sacubitril/valsartan is available as a fixed-dose combination, 
Entresto, taken twice daily. The InfantRisk Human Milk Biorepository 
(HMB) was searched for participants taking sacubitril/valsartan oral 
tablets at the time of milk donation. Each participant provided written 
(electronic) informed consent for research participation and 
publication through the HMB (Texas Tech University Health Sciences 
Center Amarillo IRB no. A21-4214). The HMB collects and aggregates 
milk samples from mothers observationally taking medications of 
research interest. All mothers were advised upon contact with the 
InfantRisk Center to cease breastfeeding prior to sacubitril/valsartan 
initiation. The deidentified materials, including milk samples and self-
reported medical questionnaires for five participants, matched this 
query and were released from the biorepository. All participants were 
instructed to provide milk samples under steady-state conditions at 0, 
1, 2, 4, 6, 8, 10, and 12 h after administering their medications. 
Mothers were advised to express milk from both breasts, gently mix, 
and freeze in a collection tube prior to overnight shipment to our 
facility. Upon receipt, the milk samples were stored at −80°C until 
further analysis.

Sacubitril is a prodrug converted by esterases in the liver to the 
active metabolite LBQ657. Sacubitril, LBQ657, and valsartan were 
measured using an Agilent Ultivo mass spectrometer (MS/MS). A 
Phenomenex Luna C18 column was used for the separation phase, 
and chromatographic separation was performed using gradient 
elution, with mobile phase A as 0.1% formic acid in water and mobile 
phase B as 0.1% formic acid in acetonitrile, which was delivered at a 
continuous flow rate of 0.4 mL/min. Electrospray ionization with 
multiple reaction monitoring in positive mode was used. For 
sacubitril, valsartan and LBQ657 and internal standard (IS) 
sacubutril-d4 and valsartan-d9 at the m/z transitions 412.2–266.1, 
436.2–291, 384.1–266.1 and for IS 416.2–266 and 445.3–207.1 were 
selected. The calibration curve was made using blank human milk in 
the range of 0.09–50 ng/mL for all the analytes. The limit of detection 
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for sacubitril and its metabolite LBQ657 was 0.09 ng/mL, whereas for 
valsartan it was 0.19 ng/mL. The quality control samples (low, 
medium, and high concentrations) were evaluated against the 
calibration curve. All samples were prepared using the deproteination 
process. The linearity of the calibration curve was evaluated by the 
coefficient of determination (r2) of the linear regression analysis of the 
concentration-response data using a weight of 1/x2, where x is the 
concentration. The mean correlation coefficient of the weighted 
calibration curves generated during the validation was ≥0.99. The 
analytical method was validated with respect to specificity, linearity, 
sensitivity, matrix effects, and recovery. Additional information can 
be found in the Supplementary materials.

Results

This study investigated the concentrations of sacubitril, LBQ657, 
and valsartan in milk samples obtained from five biorepository 
participants. These individuals were previously prescribed sacubitril/
valsartan 24 mg/26 mg orally twice daily at the time of milk collection. 
All participants initiated sacubitril/valsartan recently in the 
peripartum period. Valsartan levels were found to be  below the 
detection limit of 0.19 ng/mL in all milk samples. Figure  1 
demonstrates the 12-h concentration-time profile of sacubitril and 
LBQ657; Table 1 presents the pharmacokinetic analysis and calculated 
infant exposures. Sacubitril, the prodrug, was measurable in all five 
participants (16 of 40 samples), peaking 1 h after drug administration 
at a mean concentration of 1.52 ng/mL (range: 0.42–2.68 ng/mL), total 
infant dose of 0.00049 mg/kg/12 h, and RID of 0.01%. The maximum 
concentration of its active metabolite, LBQ657 was observed 4 h after 
medication administration and declined over the remaining 12-h 
dosing period (Figure 1). The total infant dose was 0.00071 mg/kg/12 h 
assuming a milk consumption of 150 mL/kg/day using the average 
concentration (16).

The relative infant dose (RID) of LBQ657 was calculated using 
various approaches to simulate multiple situations. Using the average 
concentration and peak concentration, %RID was 0.22 and 0.27, 
respectively, with a denominator of maternal dose per kilogram. To 

simulate the “worst-case scenario,” we  used the highest observed 
LBQ657 concentration level (19.6 ng/mL) to calculate a RID of 0.46%.

The results from the participant health questionnaire are 
summarized in Table 2. Two participants chose not to withhold 
breastmilk from their infants after initiating sacubitril/valsartan. 
The two infants were subsequently exposed to sacubitril/valsartan 
via milk, one via a full diet of breastmilk and the other partially 
breastfed. During the period of less than 2 weeks from drug 
initiation to HMB reporting, neither mother observed any negative 
adverse effects in their child. One mother reported that her child 
exceeded expectations in developmental milestones such as height 
and weight, and the other reported surpassing all others except for 
verbal communication. One mother reported that she had been 
prescribed sacubitril/valsartan within the first month postpartum 
but delayed initiating the medication to the detriment of her own 
health until her child was 6 months old in order to continue  
breastfeeding.

Discussion

There are no previous studies evaluating the transfer of any NEP 
inhibitor (e.g., sacubitril) into human milk. A single case series has reported 
the limited transfer of one ARB, candesartan, into human milk (25). This 
scarcity of data restricts the use of these drug classes in breastfeeding 
mothers suffering from HF. The percent RID represents the percentage of 
the weight-adjusted dose of sacubitril/valsartan that an infant would 
be exposed to via a complete diet of breast milk. The RID calculations 
suggest minimal exposure to sacubitril and its active metabolite, LBQ657, 
through breastfeeding, even under worst-case assumptions. This study 
reports a 0.01 and 0.22% RID for sacubitril and LBQ657, respectively, and 
undetectable valsartan found in human milk. These results demonstrate 
that infant exposure to sacubitril and valsartan drug residues via breastmilk 
is negligible, well below the standard 10% RID threshold for safety (16). 
With minimal transfer into breastmilk, sacubitril and valsartan may 
be suggested as viable treatment option(s) for breastfeeding mothers.

The reason for low levels of drug transfer into human milk is likely 
associated with the pharmacokinetics of the drug. Upon oral 

FIGURE 1

Drug concentrations in timed human milk samples (n  =  5) were quantified using LC/MS/MS. The 12-h time-concentration profile characterizes the 
maternal transfer of drug residues into milk for sacubitril and its active metabolite, LBQ657. Valsartan was not quantified in any milk samples at a 
detection level of 0.19  ng/mL.
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administration, sacubitril and valsartan are rapidly absorbed and 
reach maximum plasma concentration (Cmax) with a median time of 
0.5 and 1.5 h, respectively (17). Sacubitril is quickly esterified to 
LBQ657, with a median time to peak drug concentration (Tmax) of 
2 h for the metabolite. Our findings in milk parallel these known 
serum pharmacokinetic parameters. LBQ657 is not metabolized 
further to a significant extent. Valsartan is minimally metabolized (18, 
19). The formulation of valsartan available in Entresto is more 
bioavailable than other preparations. The valsartan in Entresto 
24 mg/26 mg tablets is equivalent to other marketed tablet 
formulations of valsartan 40 mg (18, 19). Once in the plasma, 
sacubitril, LBQ657, and valsartan are extensively protein-bound 
(96–97%), contributing to a low-free fraction of the drug available for 

transfer into breast milk. Plasma concentrations of sacubitril, LBQ657, 
and valsartan are metabolized with a mean elimination half-life of 
1.4 h, 11.5 h, and 9.9 h, respectively (17, 18). In accordance with 
previously observed plasma concentrations, our data suggest a 
corresponding rapid decline in milk levels over a period of 12 h as 
well, further supporting parallel but muted drug concentrations in 
human milk.

Caution must be taken when relying on RIDs alone to guide risk 
management in breastfeeding infants of mothers taking medications. 
Although RID is a useful parameter, it only estimates exposure to the 
infant and does not account for individualized infant organogenesis, 
metabolic capacity, or fragility. Although rare, the most common 
adverse effect attributed to sacubitril is angioedema, while the most 

TABLE 2 Mother–infant demographics.

Patient Maternal 
age (years)

Race Medical history Other medications Child’s age 
range

Participant’s 
body weight (lbs)

1 39 Hispanic Blood clotting disorder, anemia, 

breast augmentation, 

underproduction of breastmilk

Rivaroxaban, furosemide, 

enoxaparin, captopril, amlodipine, 

cephalexin, acetaminophen

11 days-4 weeks 119

2 26 Caucasian Anxiety, depression, 

underproduction of breastmilk

Carvedilol, spironolactone, 

escitalopram

4–6 months 160

3 24 Caucasian Anxiety, arrythmia, latent 

tuberculosis

Metoprolol, spironolactone 4–6 months 176

4 34 Caucasian Cancer, gestational diabetes, 

hypertension, anxiety, migraines

Empagliflozin, spironolactone, 

metoprolol, buspirone, oxybutynin, 

bupropion, pantoprazole, torsemide

12–23 months 225

5 35 Caucasian Postpartum anxiety, postpartum 

depression, gestational diabetes, 

gestational hypothyroidism

Metoprolol 4–6 months 145

Data extracted from the InfantRisk Human Milk Biorepository maternal–infant health questionnaires, detailing key parameters as reported by the participant such as the unique patient 
identifier, maternal age at the time of childbirth, racial background, previous medical history, concurrent medications at the time of milk sample expression, and the age range of the child.

TABLE 1 Pharmacokinetic parameters of sacubitril, its active metabolite LBQ657, and valsartan.

Parameters (units) (n  =  5) Value (sacubitril) Value (LBQ657) Valsartan

Calculated milk parameters

AUC (ng.hr./mL) 5.96 114.9 ND

Cavg (ng/mL) 0.4966 9.5 ND

Cmax (ng/mL) 1.52 12.2 ND

Tmax (h) 1 4 ND

Infant dose (mg/kg/12 h) 0.00049 0.00071 –

RID (%) 0.01 0.22 –

Known drug properties

Molecular weight (g/mol) 411.5 383.4 435.5

Protein binding >94% >94% >94%

Volume of distribution (L) 75 – 103

Half-life (h, adult) 1.4 11.5 9.9

Oral bioavailability >60% – >23%*

Partition coefficient (CLogP) 4.47 – 4.86

AUC: Area under curve, Cavg: average drug concentration, Cmax: maximum drug concentration, RID: relative infant dose, ND: not detected.
*The oral bioavailability of valsartan in sacubitril/valsartan is higher than in valsartan-only products. The area under the curve was calculated using the log-linear trapezoidal method for 
0–24 h and the average concentration [relative infant dose was calculated using the formula: relative infant dose (%) = estimated daily infant dose via breast milk assuming a milk intake of 
150 mL/kg/day (mg/kg/day)/maternal dose (mg/kg/day) × 100].
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common adverse effects found with valsartan use include hypotension, 
hyperkalemia, cough, and worsening renal function (11). There is no 
previous information regarding adverse effects in lactating infants of 
mothers taking sacubitril/valsartan. Pregnant and lactating women 
were excluded from phase I through III trials (5, 18). In our study, two 
mothers continued breastfeeding while on valsartan/sacubitril and did 
not report any observed symptoms in their breastfed infants. The 
HMB does not collect longitudinal infant outcomes; therefore, long-
term infant safety remains unknown. The issue of maternal medication 
adherence during lactation has often been overlooked, despite 
documented instances of non-compliance with antibiotics and 
antidepressants. This oversight highlights the need for greater 
attention to medication adherence among lactating mothers to ensure 
optimal treatment outcomes for maternal–infant health (20, 21). The 
decision of one of our participants to knowingly delay vital 
medications due to the belief that sacubitril/valsartan and 
breastfeeding were mutually exclusive behaviors demonstrates an 
unfortunate reciprocal connection between maternal medications 
and breastfeeding.

Breastfeeding in women with HF has historically been a 
controversial topic. The European Society of Cardiology PPCM 
guidelines, as recent as 2018, discourage lactation in patients with 
severe HF due to the high metabolic demand and to enable optimal 
medication treatment (though most medications are compatible 
with breastfeeding) (22). In 2019, the position was modified, 
concluding that many women with PPCM tolerate breastfeeding and 
that individualized risk–benefit discussions regarding breastfeeding 
are necessary in every case, including the many physical and 
psychological benefits conferred to the breastfeeding dyad (6, 7). 
Though it was previously postulated that vasoinhibin, an 
antiangiogenic metabolite of prolactin, is associated with oxidative 
stress resulting in endothelial damage, multiple studies have failed 
to confirm this hypothesis (7, 23, 24). Though there is much left to 
learn about the relationship between lactation and cardiovascular 
health, the paucity of realized data associated with increased 
cardiovascular risk with lactation must be  weighed against the 
overwhelming benefit breastfeeding has for the maternal–infant 
dyad. However, to effectively consider the risks and benefits of 
medication use while breastfeeding, the amount of drug transferred 
into human milk must be evaluated for each drug.

This study is limited by small sample size, a lack of 
corresponding maternal plasma samples, and drug exposures 
limited to the sacubitril/valsartan 24 mg/26 mg starting dose, much 
lower than the target maintenance dose of sacubitril 97 mg/
valsartan 103 mg twice daily. It is important to acknowledge that the 
small sample size of five participants may limit the generalizability 
of our findings. Potential inter-individual variability in drug 
transfer and metabolism underscores the need for further 
investigations to validate and expand upon our results. However, 
our report is the first to produce information regarding sacubitril/
valsartan use and lactation. In a field where clinical trials often fail 
due to lack of enrollment or are limited to case reports, this study 
evaluated five women taking sacubitril/valsartan collected over a 
12-month period. Our study begins an evidence-informed 
conversation regarding the safety of sacubitril/valsartan in 
breastfeeding mothers with HF and their infants. By offering 
reassurance of safety for the breastfed infant, the previously 
competing interests of maternal medication treatment and 
breastfeeding can be considered independently.

Conclusion

The results of this study suggest that the transfer of sacubitril and 
valsartan is minimal and unlikely to pose a significant risk to 
breastfeeding infants using established standards. In five lactating 
women who took sacubitril/valsartan, two infants were exposed to the 
drug residues via milk without any observed negative adverse effects. 
The undetectable valsartan, 0.01% RID for sacubitril, and 0.22% RID 
for sacubitril’s active metabolite (LBQ657) are comparable to or lower 
than current infant drug exposures for first-line treatments for HF in 
breastfeeding mothers, suggesting sacubitril and/or valsartan are 
feasible treatment options for breastfeeding mothers. An infant’s risk 
of minimal drug residue exposure must be  weighed against the 
benefits of breastfeeding to both mother and child when determining 
the best course of action in treating HF in the lactating mother.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Texas Tech 
University Health Sciences Center Amarillo IRB. The studies were 
conducted in accordance with the local legislation and institutional 
requirements. The human samples used in this study were acquired 
from materials were released from the InfantRisk Human Milk 
Biorepository. Written informed consent for participation was not 
required from the participants or the participants’ legal guardians/
next of kin in accordance with the national legislation and 
institutional requirements.

Author contributions

SF: Writing – original draft, Writing – review & editing. AO: 
Writing – original draft, Writing – review & editing. SW: Writing – 
original draft, Writing – review & editing. PS: Writing – original draft, 
Writing – review & editing. PD: Data curation, Formal analysis, 
Investigation, Methodology, Software, Validation, Visualization, 
Writing – original draft, Writing – review & editing. KK: 
Conceptualization, Formal analysis, Funding acquisition, 
Investigation, Methodology, Project administration, Supervision, 
Writing – original draft, 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

The authors would like to thank all the mothers who donated milk 
samples for our study; Dr. Emily Conard for her work on the 

https://doi.org/10.3389/fpubh.2024.1389513
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Falconi et al. 10.3389/fpubh.2024.1389513

Frontiers in Public Health 06 frontiersin.org

Biorepository; and finally, Dr. Thomas Hale, the founder of the Infant 
Risk Center (IRC), and Dr. Baker, the IRC medical director, for their 
assistance with the study.

Conflict of interest

KK is coauthor of a book on lactation pharmacology (Hale’s 
Medications and Mothers Milk). She has also consulted for 
pharmaceutical companies unrelated to cardiology medications. 
Neither of these relationships unduly influenced this manuscript.

The remaining 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/fpubh.2024.1389513/
full#supplementary-material

References
 1. Meek JY, Noble LSection on Breastfeeding. Policy statement: breastfeeding 

and the use of human Milk. Pediatrics. (2022) 150:e2022057988. doi: 10.1542/
peds.2022-057988

 2. Nguyen B, Jin K, Ding D. Breastfeeding and maternal cardiovascular risk factors 
and outcomes: a systematic review. PLoS One. (2017) 12:e0187923. doi: 10.1371/journal.
pone.0187923

 3. Tschiderer L, Seekircher L, Kunutsor SK, Peters SAE, O'Keeffe LM, Willeit P. 
Breastfeeding is associated with a reduced maternal cardiovascular risk: systematic 
review and Meta-analysis involving data from 8 studies and 1 192 700 parous women. J 
Am Heart Assoc. (2022) 11:e022746. doi: 10.1161/JAHA.121.022746

 4. Stuebe AM, Rich-Edwards JW. The reset hypothesis: lactation and maternal 
metabolism. Am J Perinatol. (2009) 26:081–8. doi: 10.1055/s-0028-1103034

 5. Nicolas D, Kerndt CC, Reed M. Sacubitril/Valsartan In: StatPearls. Treasure Island 
(FL): StatPearls. (2024).

 6. Heidenreich PA, Bozkurt B, Aguilar D, Allen LA, Byun JJ, Colvin MM, et al. 
2022 AHA/ACC/HFSA guideline for the Management of Heart Failure: a report 
of the American College of Cardiology/American Heart Association joint 
committee on clinical practice guidelines [published correction appears in Circulation. 2022 
May 3;145(18):e1033] [published correction appears in Circulation. 2022;146(13):e185] 
[published correction appears in Circulation. 2023 Apr 4;147(14):e674]. Circulation. (2022) 
145:e895–e1032. doi: 10.1161/CIR.0000000000001063

 7. Bauersachs J, König T, van der Meer P, Petrie MC, Hilfiker-Kleiner D, Mbakwem 
A, et al. Pathophysiology, diagnosis and management of peripartum cardiomyopathy: a 
position statement from the heart failure Association of the European Society of 
cardiology study group on peripartum cardiomyopathy. Eur J Heart Fail. (2019) 
21:827–43. doi: 10.1002/ejhf.1493

 8. Mielniczuk LM, Williams K, Davis DR, Tang ASL, Lemery R, Green MS, et al. 
Frequency of peripartum cardiomyopathy. Am J Cardiol. (2006) 97:1765–8. doi: 
10.1016/j.amjcard.2006.01.039

 9. Bright RA, Lima FV, Avila C, Butler J, Stergiopoulos K. Maternal heart failure. J 
Am Heart Assoc. (2021) 10:e021019. doi: 10.1161/JAHA.121.021019

 10. Honigberg MC, Givertz MM. Peripartum cardiomyopathy. BMJ. (2019) 364:k5287. 
doi: 10.1136/bmj.k5287

 11. Hubers SA, Brown NJ. Combined angiotensin receptor antagonism and Neprilysin 
inhibition. Circulation. (2016) 133:1115–24. doi: 10.1161/CIRCULATIONAHA.115.018622

 12. Byrne JJ, Spong CY. "is it safe?"—the many unanswered questions about medications and 
breast-feeding. N Engl J Med. (2019) 380:1296–7. doi: 10.1056/NEJMp1817420

 13. Sacubitril. In drugs and lactation database (LactMed®). Bethesda: National 
Institute of Child Health and Human Development. Valsartan. (2019).

 14. Valsartan. In drugs and lactation database (LactMed®). Bethesda: National 
Institute of Child Health and Human Development. Valsartan. (2020).

 15. Davanzo R, Bua J, De Cunto A, Farina ML, De Ponti F, Clavenna A, et al. Advising 
mothers on the use of medications during Breastfeeding: a need for a positive attitude. 
J Hum Lact. (2016) 32:15–9. doi: 10.1177/0890334415595513

 16. Bennett P. Drugs and human lactation. 2nd ed. Amsterdam-Lausanne-New York: 
Elsevier (1996).

 17. Ayalasomayajula S, Langenickel T, Pal P, Boggarapu S, Sunkara G. Clinical 
pharmacokinetics of Sacubitril/Valsartan (LCZ696): a novel angiotensin receptor-
Neprilysin inhibitor. [published correction appears in Clin Pharmacokinet. 2017 
may 19;null]. Clin Pharmacokinet. (2017) 56:1461–78. doi: 10.1007/
s40262-017-0543-3

 18. Entresto (sacubitril/valsartan) [package insert]. East Hanover, NJ:  
Novartis Pharmaceuticals Corporation (2021). Available at: https://guides.library.
uq.edu.au/referencing/vancouver/pamphlets#:~:text=Name%20of%20
medicine%20%5Bpackage%20insert,product%20contained%20in%20the%20
packag

 19. Kobalava Z, Kotovskaya Y, Averkov O, Pavlikova E, Moiseev V, Albrecht D, et al. 
Pharmacodynamic and pharmacokinetic profiles of Sacubitril/Valsartan (LCZ696) in patients 
with heart failure and reduced ejection fraction. Cardiovasc Ther. (2016) 34:191–8. doi: 
10.1111/1755-5922.12183

 20. Boath E, Bradley E, Henshaw C. Women's views of antidepressants in the 
treatment of postnatal depression. J Psychosom Obstet Gynaecol. (2004) 25:221–33. doi: 
10.1080/01674820400017889

 21. Ito S, Koren G, Einarson TR. Maternal noncompliance with antibiotics during 
breastfeeding. Ann Pharmacother. (1993) 27:40–2. doi: 10.1177/ 
106002809302700110

 22. Regitz-Zagrosek V, Roos-Hesselink JW, Bauersachs J, Blomström-Lundqvist C, 
Cífková R, de Bonis M, et al. 2018 ESC guidelines for the management of cardiovascular 
diseases during pregnancy. Eur Heart J. (2018) 39:3165–241. doi: 10.1093/eurheartj/
ehy340

 23. Safirstein JG, Ro AS, Grandhi S, Wang L, Fett JD, Staniloae C. Predictors of 
left ventricular recovery in a cohort of peripartum cardiomyopathy patients 
recruited via the internet. Int J Cardiol. (2012) 154:27–31. doi: 10.1016/j.
ijcard.2010.08.065

 24. Davis MB, Arany Z, McNamara DM, Goland S, Elkayam U. Peripartum 
cardiomyopathy: JACC state-of-the-art review. J Am Coll Cardiol. (2020) 75:207–21. doi: 
10.1016/j.jacc.2019.11.014

 25. Coberger ED, Jensen BP, Dalrymple JM. Transfer of candesartan into human 
breast milk. Obstet Gynecol. (2019) 134:481–4. doi: 10.1097/AOG.0000000000003446

https://doi.org/10.3389/fpubh.2024.1389513
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1389513/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1389513/full#supplementary-material
https://doi.org/10.1542/peds.2022-057988
https://doi.org/10.1542/peds.2022-057988
https://doi.org/10.1371/journal.pone.0187923
https://doi.org/10.1371/journal.pone.0187923
https://doi.org/10.1161/JAHA.121.022746
https://doi.org/10.1055/s-0028-1103034
https://doi.org/10.1161/CIR.0000000000001063
https://doi.org/10.1002/ejhf.1493
https://doi.org/10.1016/j.amjcard.2006.01.039
https://doi.org/10.1161/JAHA.121.021019
https://doi.org/10.1136/bmj.k5287
https://doi.org/10.1161/CIRCULATIONAHA.115.018622
https://doi.org/10.1056/NEJMp1817420
https://doi.org/10.1177/0890334415595513
https://doi.org/10.1007/s40262-017-0543-3
https://doi.org/10.1007/s40262-017-0543-3
https://guides.library.uq.edu.au/referencing/vancouver/pamphlets#:~:text=Name%20of%20medicine%20%5Bpackage%20insert,product%20contained%20in%20the%20packag
https://guides.library.uq.edu.au/referencing/vancouver/pamphlets#:~:text=Name%20of%20medicine%20%5Bpackage%20insert,product%20contained%20in%20the%20packag
https://guides.library.uq.edu.au/referencing/vancouver/pamphlets#:~:text=Name%20of%20medicine%20%5Bpackage%20insert,product%20contained%20in%20the%20packag
https://guides.library.uq.edu.au/referencing/vancouver/pamphlets#:~:text=Name%20of%20medicine%20%5Bpackage%20insert,product%20contained%20in%20the%20packag
https://doi.org/10.1111/1755-5922.12183
https://doi.org/10.1080/01674820400017889
https://doi.org/10.1177/106002809302700110
https://doi.org/10.1177/106002809302700110
https://doi.org/10.1093/eurheartj/ehy340
https://doi.org/10.1093/eurheartj/ehy340
https://doi.org/10.1016/j.ijcard.2010.08.065
https://doi.org/10.1016/j.ijcard.2010.08.065
https://doi.org/10.1016/j.jacc.2019.11.014
https://doi.org/10.1097/AOG.0000000000003446


Falconi et al. 10.3389/fpubh.2024.1389513

Frontiers in Public Health 07 frontiersin.org

Glossary

ACC American College of Cardiology

AHA American Heart Association

ANG II Angiotensin II

ARB Angiotensin receptor blocker

ARNI Angiotensin receptor neprilysin inhibitor

Cmax Maximum plasma concentration

FDA Food and Drug Administration

HF Heart failure

HMB Human milk biorepository

HTN Hypertension

IRB Institutional Review Board

IS Internal standard

MS/MS Agilent Ultivo mass spectrometer

NEP Neprilysin

NP Natriuretic peptide

NYHA New York Heart Association

PARAGON-HF Prospective comparison of ARNI with ARB global outcomes in HF with preserved ejection fraction

PARAMOUNT-HF Prospective comparison of ARNI with ARB on management of heart failure with preserved ejection fraction

PPCM Peripartum cardiomyopathy

r2 Coefficient of determination

RID Relative infant dose

Tmax Time to peak drug concentration
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