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Editorial

Key message

· Fetal exposure to renin-angiotensin system (RAS) inhibitors 
leads to short- and long-term kidney complications.

· Women of reproductive age who are absolutely indicated for 
RAS inhibitors should be adequately informed of the risks for 
the duration of treatment.

The renin-angiotensin system (RAS) regulates fluid and salt 
reabsorption as well as vascular tone and cardiac contractility 
to maintain fluid volume, arterial pressure, and tissue perfusion. 
Inappropriate RAS activation causes fluid retention, blood pres-
sure elevations, and vascular as well as tissue dysfunction, lead-
ing to end-organ damage. Angiotensin II (ANG II) is derived 
from angiotensinogen via the sequential actions of circulating 
renin and angiotensin-converting enzyme (ACE). ANG II acts 
on the kidneys, blood vessels, and heart, largely via G protein-
coupled receptor type 1 (AT1R).1) A prolonged excessive in-
crease in circulating ANG II causes sodium and fluid retention, 
vasoconstriction, and kidney and heart hypertrophy and fibrosis, 
all of which contribute to the development of hypertension, 
chronic kidney disease, and heart failure. The protective effects 
of various RAS-inhibiting medications on the kidneys and heart 
have been well documented, and such medications (targeting 
renin, ACE, or ANG II receptors) are widely prescribed.2)

However, normal RAS function is also essential, for example 
during postural change, hypovolemia, and most relevant to the 
current context, fetal development. The high levels of circulating 
renin and ANG II during fetal life maintain adequate perfusion 
and stimulate the growth promoting action of the fetal kidney.3) 
If the fetal RAS becomes inactivated, the decreased systemic 
blood pressure leads to decreased renal perfusion, renal ischemia, 
and abnormal renal tubule development. Nephrogenesis begins 
around 8 weeks and ends around 36 weeks of gestation; such 
changes become irreversible after this time.4) Renal lesions re-
sulting from an inactivated RAS are commonly observed in 
inherited renal tubular dysgenesis (RTD), which is caused by 
mutations in the genes encoding RAS components including 
angiotensinogen (AGT), renin (REN), ACE (ACE), and AT1R 

(AGTR1). Such mutations ablate ANG II production or activity, 
thereby inactivating the negative feedback circuit regulating 
the RAS.5) To date, few patients exhibiting such mutations have 
survived the neonatal period.6)

Similar pathogenic mechanisms have been observed in fe-
tuses exposed to RAS-inhibiting medications (e.g., ACE inhibi-
tors or ANG II receptor blockers) in utero, a major cause of 
secondary RTD. Fetal complications resulting from the use of 
RAS-inhibiting medications during pregnancy include oligohy-
dramnios, intrauterine growth retardation, renal failure, arterial 
hypotension, respiratory failure, Potter syndrome (facial dysmor-
phism, redundant skin, limb-positioning defects, arthrogryposis, 
and lung hypoplasia), and death. Approximately half of the 
fetuses exposed to RAS-inhibiting medication in utero have long-
term kidney complications, while 10% have a particularly poor 
prognosis (e.g., end-stage renal disease and death).7)

In this issue of Clinical and Experimental Pediatrics, Gang et 
al.8) report a case of neonatal RTD due to ANG II receptor block-
er exposure in utero during the entire pregnancy. The patient 
died soon after birth of refractory hypotension and renal failure. 
Two major factors contributing to poor renal prog nosis in this 
case are: exposure to ANG II receptor blockers, which block 
AT1R more potently and or longer than other RAS-inhibiting 
medications; and exposure to RAS-inhibiting medica tions dur-
ing the second or third trimester (or the entire preg nancy) versus 
during the first trimester.7) To prevent such outcomes, women 
of reproductive age should not be routinely prescribed RAS-
inhibiting medications. If such drugs are absolutely and unavoid-
ably indicated, the patient should be adequately informed of 
the risks and guaranteed the provision of contraception for the 
duration of the prescription. Most definitively, RAS-inhibiting 
medications should not be prescribed to pregnant women, and 
doctors should elicit from all pregnant women a list of their 
current medications to ensure that their inappropriate use may 
be discontinued as soon as possible.9)

In conclusion, despite the passage of 30 years since the first 
report of fetal exposure to ACE inhibitors,10) neonatal compli-
cations due to in utero exposure to RAS-inhibiting medications 

Corresponding author: Eujin Park, MD. Department of Pediatrics, Kangnam Sacred Heart Hospital, Hallym University College of Medicine, 1 Singil-ro, Yeongdeungpo-
gu, Seoul 07441, Korea

 Email: eujinpark@hallym.or.kr, https://orcid.org/0000-0002-4413-468X
Received: 15 July, 2020, Revised: 1 September, 2020, Accepted: 8 September, 2020

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © 2020 by The Korean Pediatric Society

Inhibition of the renin-angiotensin system during fetal 
kidney development
Eujin Park, MD
Department of Pediatrics, Kangnam Sacred Heart Hospital, Hallym University College of Medicine, Seoul, Korea

http://crossmark.crossref.org/dialog/?doi=10.3345/cep.2020.01228&domain=pdf&date_stamp=2020-03-15


Park E. Renin-angiotensin system in kidney development www.e-cep.org122

continue to occur. This is a tremendous and avoidable tragedy 
impacting families and the healthcare providers tasked with their 
care. Given the continual development of novel medications 
that effectively block RAS activity and an anticipated increase 
in demand due to the aging population, this case report repre-
sents an opportunity to raise clinician awareness regarding the 
significant risks of prescribing such drugs to women of repro-
ductive age.
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