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1 | INTRODUCTION

There are no recommendations for the specific treatment
of placental insufficiency. Here, we report a case of a pa-
tient with fetal growth restriction and oligohydramnios that
dramatically improved with transdermal nitric oxide donor.
Transdermal nitric oxide donor may be a relatively safe strat-
egy for placental insufficiency.

There are various causes of fetal growth restriction
(FGR) and oligohydramnios, among which placental in-
sufficiency, a placental disorder, is the major cause.'?
However, no specific treatment has been recommended
for FGR and oligohydramnios caused by placental insuf-
ficiency so far.> Here, we present a case of FGR and oli-
gohydramnios that improved dramatically with transdermal
isosorbide dinitrate (ISDN) as nitric oxide donor (NOD)
in a woman, which lead to the birth of a term appropri-
ate-for-gestational-age infant.

Transdermal nitric oxide donor may be a relatively safe treatment strategy for fetal

growth restriction and oligohydramnios due to placental insufficiency.
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2 | CASE HISTORY
A 31-year-old healthy and multiparous woman with a prepreg-
nancy body weight of 38 kg and body mass index (BMI)
16.4 kg/m2 was referred to the obstetric unit at 20 weeks’
gestation due to FGR. She was also diagnosed with oligohy-
dramnios at 19 weeks’ gestation. At 20 weeks’ gestation, the
estimated fetal weight (EFW) was 193 g (—2.2 SD).

During a previous uneventful pregnancy, she gave birth to
a term infant weighing 3100 g. She did not smoke or drink al-
cohol and was not under the influence of any drugs during the
current pregnancy. An estimated date of delivery was deter-
mined based on crown-rump length during the first trimester.
She was normotensive throughout the pregnancy and had no
vaginal bleeding or symptoms indicating premature rupture
of membranes (PROM). Despite being diagnosed with oligo-
hydramnios before the viable period, she desired to continue
the pregnancy.
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3 | DIFFERENTIAL DIAGNOSIS
AND INVESTIGATIONS

Ultrasonography (US) performed at 20 weeks and 5 days of
gestation showed an EFW of 256 g (—1.8 SD) and amniotic
fluid index (AFI) of 3.7 (Figure 1). The fetus demonstrated
active movement and no structural anomalies. Absence of
end-diastolic flow in the umbilical artery (UmA) was not de-
tected on color Doppler imaging, and the pulsatility index
(PI) and resistance index (RI) of the UmA (1.09 and 0.70,
respectively) were within the normal range at that gestational
age (Figure 2). The PI of the fetal middle cerebral artery
(MCA) and fetal ductus venosus (DV) was also within the
normal range.

Speculum vaginal examination of the cervix and vaginal
cavity demonstrated no evidence of PROM, as there was no
pooling of amniotic fluid, no change in color of bromothy-
mol blue paper, and no signs of ferning. Fetal fibronectin was
not detected in the patient's vaginal secretions. Blood tests
showed no evidence of maternal infections caused by toxo-
plasma, rubella, cytomegalovirus, or herpes simplex virus.
Finally, the patient did not have anemia or thrombocytopenia
and urinary protein was not detected.

Based on these results, we diagnosed the patient with
FGR and oligohydramnios possibly caused by placental in-
sufficiency without hypertensive disorders of pregnancy.

4 | TREATMENT

Initially, the patient was prescribed bed rest and hydration for
2 weeks to improve fetal growth and amniotic fluid volume
(AFV); however, no significant changes in fetal growth and
AFV were detected on US at 22 weeks' gestation.

Next, to improve FGR and oligohydramnios by improving
placental perfusion, she was prescribed a daily dose of 40 mg
transdermal ISDN (Frandol tape, Astellas Pharma Inc, Tokyo,
Japan). Written informed consent for ISDN was obtained due
to the off-label use of the drug. Five days after the start of
transdermal ISDN treatment, US demonstrated improvement
in EFW (489 g, —1.6 SD) and AFI (9.1; Figure 3). Color
Doppler imaging showed slight reduction in PI and RI of the
UmaA (0.89 and 0.62, respectively) compared to pretreatment
measurements (Figure 4). There were no significant changes
in PI of the MCA and DV with treatment. Cardiotocography
revealed fetal heart rate (FHR) accelerations, moderate FHR
variability, and no FHR decelerations (Figure 5).

Transdermal ISDN was used until 36 weeks' gestation.
Throughout the pregnancy, her lifestyle included a healthy
diet, exercise routine, appropriate quantity of sleep and
time spent working, and a gestational weight gain of 9 kg
was noted, which was appropriate as per her prepregnancy
BMI.

5 | OUTCOME AND FOLLOW-UP

The pregnancy developed uneventfully without signs of cervi-
cal ripening. During a follow-up, US demonstrated appropri-
ate fetal growth (EFW: approximately —1 SD) and adequate
AFV (AFI: ranging from 8 to 12). At 37 weeks' gestation,
she showed an AFI of 5, indicating oligohydramnios with-
out PROM. She underwent labor induction using oxytocin
at 38 weeks’ gestation due to oligohydramnios and delivered
a female newborn vaginally. The newborn weighed 2462 g
(—1.1 SD) at birth, which was appropriate-for-gestational-
age, with a height of 45 cm (—1.5 SD), head circumstance
of 32.5 cm (—0.4 SD), and Apgar scores of 8 and 9 at 1 and

FIGURE 1
assessment of the amniotic fluid index at
20 wk and 5 d of gestation
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FIGURE 2 Color Doppler imaging of
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FIGURE 3 Ultrasonographic

assessment of the amniotic fluid index 5 d
after the start of transdermal treatment with
nitric oxide donor

5 minutes, respectively. The pH, pCO2, pO2, and base ex-
cess of the UmA were 7.332, 47.9 mm Hg, 18.9 mm Hg, and
—1.6 mmol, respectively. The newborn exhibited no anoma-
lies. The placenta weighed 377 g. The umbilical cord was
45 cm long with central cord insertion. Examination of the
placenta did not reveal a single umbilical artery. Histological
findings of the placenta indicated no causes of fetal hypoxia:
no cholangiosis, hyperplastic extracellular matrix of chorion,
or hyperplastic syncytiums. Therefore, no mechanical abnor-
mality in the placenta was detected as the potential cause of
FGR. The maternal and neonatal courses were uneventful,
and the mother and her child were discharged 5 days after
the delivery.
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DISCUSSION

In the present case, fetal growth and AFV improved dra-
matically by transdermal NOD despite lack of improvements
after bedrest and hydration for 2 weeks. Approximately 5%
of pregnancies are affected by FGR,* a condition related to
28%-45% of nonanomalous stillbirths,5 and increases the risk
of neonatal mortality and morbidity.6 Furthermore, due to
development of pulmonary hypoplasia, severe oligohydram-
nios, defined as the maximum vertical depth of amniotic fluid
pocket of <1 cm, is a risk factor for intrauterine fetal death
and neonatal mortality.’ Therefore, transdermal NOD may be
a treatment option for placental insufficiency as it improves
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FIGURE 4 Color Doppler imaging of
the umbilical artery assessing the pulsatility
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fetoplacental perfusion required for better fetal growth and
increases AFV.

Currently, there are no reported randomized control trials
(RCT) clarifying the efficacy of long-term usage of transder-
mal NOD in cases of FGR and oligohydramnios caused by pla-
cental insufficiency.®'” Nevertheless, in a cohort study of 108
patients with FGR, an oral dose of 3 g/day of L-arginine—an
NOD—for 20 days significantly improved fetal growth com-
pared to that in patients without treatment.'' Furthermore, in a
case series including 12 pregnant women with preeclampsia,
the AF pocket increased approximately 4-fold with transder-
mal NOD treatment.'” The mechanism underlying improve-
ments in uteroplacental perfusion with transdermal NOD is
most likely its vasodilating effect via acetylcholine-induced

Umb-TAmax 17.90cm/s

of transdermal treatment with nitric oxide
donor

relaxation.'”®> In vascular smooth muscle cells, endothelial
nitric oxide and prostaglandin I, stimulate cyclic guanosine
and cyclic adenosine monophosphate production, resulting in
the relaxation of these cells.'* In the present case, there were
no structural or histological abnormalities of the placenta or
umbilical cord, which may indicate the functional effects of
transdermal NOD on fetoplacental perfusion.

Sildenafil citrate, a phosphodiesterase type 5 inhibitor and
a potentiating factor of nitric oxide, may also cause vasodilata-
tion of the uterine vessels and may be a candidate for the treat-
ment of FGR." However, a recent meta-analysis demonstrated
that sildenafil was related to increased neonatal birth weight
but not to improvement of oligohydramnios.16 Furthermore,
a multicenter, randomized controlled study by the STRIDER

WMMWMWW

FIGURE 5 Cardiotocography
revealing fetal heart rate accelerations,
moderate fetal heart rate variability, and no
fetal heart rate decelerations 5 d after the
start of transdermal treatment with nitric
oxide donor
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(Sildenafil therapy in dismal prognosis early-onset intrauter-
ine growth restriction) group revealed that sildenafil did not
improve survival or short-term neonatal morbidity in patients
with severe early-onset FGR.'” Thus, the utility of sildenafil in
treating FGR and oligohydramnios caused by placental insuf-
ficiency remains controversial. A study of each pharmacology
may be required to understand the effects of both transdermal
NOD and sildenafil on fetoplacental perfusion.

According to numerous cross-sectional studies, fetal
Doppler findings are closely related to perinatal risks.'®
However, several studies have demonstrated that transdermal
NOD affects uterine vascular impedance without changing
UmA and MCA perfusion in women susceptible to preterm
labor" and preeclampsia.zo’21 Similarly, the present case
showed improved fetal growth and AFV with normal PI and
RI of UmA.? Therefore, the effects of transdermal NOD on
fetoplacental perfusion may not be able to be evaluated using
US of the UmA and MCA. Furthermore, transdermal NOD
may be useful for improving fetoplacental perfusion even in
women without abnormal US findings of perfusion. Future
studies should clarify the utility of additional measurements to
evaluate fetoplacental perfusion and clarify the effects of NOD.

Several points should be clarified before recommending
transdermal NOD. First, the effect of NOD on its own to
improve fetal growth and AFV has not been demonstrated
using the biochemical or biophysical methods evaluated in
this case. As previously reported, the combination of NOD
and maternal hydration can improve maternal hemodynamic
indices.” Further studies are required to elucidate the effect
of NOD on ameliorating FGR and oligohydramnios. Second,
although transdermal NOD is relatively safe for pregnant
women,”* it may cause cervical ripening and maternal hy-
potension,9 which may be critical side effects during preg-
nancy. Therefore, a large-scale RCT is required to clarify the
efficacy and safety of transdermal NOD to improve FGR and
oligohydramnios caused by placental insufficiency.

In conclusion, transdermal NOD may improve fetal growth
and AFV in cases of placental insufficiency in women with-
out abnormal US findings of perfusion.
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