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Premature closure of ductus arteriosus (PCDA) is known to be induced by anti-
inflammatory agents including polyphenols. Dark chocolates are widely consumed
and rich in polyphenols. Here, we report a case of PCDA potentially associated with
maternal daily intake of polyphenol-rich dark chocolate in late gestation. A 28-year-old
primigravida patient was admitted in our hospital at 38 weeks because of non-reassuring
fetal heart rate pattern. Fetal echocardiography revealed absent ductus arteriosus
flow and tricuspid regurgitation. Because PCDA was suspected, caesarian section was
performed to avoid consequent risk of fetal heart failure. Postnatal echocardiography
performed immediately after birth confirmed tricuspid regurgitation, right ventricular
hypertrophy, pulmonary hypertension and absent ductus arteriosus flow, confirming
PCDA. The mother reportedly consumed three pieces of polyphenol-rich dark chocolate
(127 mg polyphenol per piece) daily after 34 weeks. Pregnant women should be careful
regarding their diet and monitor the consumption of polyphenol-rich foods, especially in
the third trimester.

Abbreviations: A-Ao: Ascending Aorta; D-Ao: Descending Aorta; DA: Ductus Arteriosus;
LV: Left Ventricle; RA: Right Atrium; RV: Right Ventricle; LVOT: Left Ventricular Outlet
Flow; RVOT: Right Ventricular Outlet Flow

Introduction

Premature closure of ductus arteriosus (PCDA), defined as
early constriction and closure of fetal ductus arteriosus, is induced
by a certain class of anti-inflammatory agents (cyclooxygenase
inhibitors), which inhibit prostaglandin synthesis. Prostaglandins,
as a vasodilator, maintain patency of the fetal ductus arteriosus.
Because the ductus arteriosus directs 80-85% of the right
ventricular output, constriction of the ductus arteriosus could
lead to persistent pulmonary hypertension, right ventricular heart
failure, hydrops, and subsequent fetal demise [1]. Polyphenols are
known to inhibit the enzymes cyclooxygenase and the subsequent
transformation of arachidonic acid into prostaglandins [2]. Here,
we report a case of PCDA potentially associated with maternal daily
intake of polyphenol-rich dark chocolate in the third trimester of
gestation.

Case Report

A 28-year-old primigravida woman was admitted in our
institution at 38 weeks of gestation because of decreased fetal
movement and a non-reassuring fetal heart rate pattern (absence
of acceleration and occasional late deceleration). Before admission,
her prenatal course had been unremarkable. Fetal echocardiography
at 30 weeks of gestation (performed because of an unsatisfactory
study in mid-gestation) confirmed normal cardiac structures and
normal right-to-left flow through the patent ductus arteriosus.
However, detailed fetal evaluation, including fetal ultrasonography
on admission at 38 weeks, revealed absent ductus arteriosus flow
(Figure 1A) and moderate tricuspid regurgitation. (Figure 1B)
(Supplement Video) Based on these findings, premature closure
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of ductus arteriosus (PCDA) was suspected. The right ventricle
was slightly dilated; however, the fetus showed no evidence of
subcutaneous edema, pericardial effusion, ascites, or cardiomegaly.
Doppler flow velocimetry of the umbilical cord and ductus venosus
were within normal range. The biophysical profile score was
6/10 (non-reactive heart rate pattern, absence of fetal breathing

movement). The mother was not in labor and the uterine cervix was
closed. The decision to deliver via emergency caesarian section was
taken to avoid consequent risk of fetal heart failure and hydrops.
The neonate weighed 3312 g with Apgar scores of 8 and 9 at 1 and

5 minutes, respectively.

Figure 1: Fetal echocardiography and color doppler flow at 38 weeks of gestation.

A) Note the absence of ductus arteriosus flow

B)  Tricuspid regurgitation.

Supplement Video

Postnatal echocardiography performed immediately after birth
confirmed tricuspid regurgitation, right ventricular hypertrophy,
pulmonary hypertension, and absent ductus arteriosus flow,
confirming PCDA. The neonate was transferred to the neonatal
intensive-care unit and placed on nasal high-flow oxygen and
intravenous vasodilators for pulmonary hypertension. These were
discontinued on postnatal day 3, and the neonate was discharged
on postnatal day 8 without complications. The mother denied
taking any medications during pregnancy, including non-steroidal
anti-inflammatory drugs. Detailed maternal dietary assessment

revealed absence of polyphenol-rich foods, including berries,
apples, sweet cherries, plums, green tea, or black tea [3]. However,
she reportedly consumed three pieces of polyphenol-rich dark
chocolate (127 mg polyphenol per piece) daily after the 34" week
of gestation.

Discussion

The present case of PCDA was possibly associated with maternal
daily intake of polyphenol-rich dark chocolate after 34 weeks.
Ductus arteriosus closure was confirmed on fetal echocardiography
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performed both before the constriction of ductus arteriosus (at 30
weeks) and after the closure of this vessel (at 38 weeks). The fetal
ductus arteriosus at 38 weeks was interrupted completely, which
possibly contributed to tricuspid regurgitation. Echocardiography
performed immediately after birth also reconfirmed a constricted
ductus arteriosus with right ventricular hypertrophy, tricuspid
regurgitation, and pulmonary hypertension. Cesarean section
performed soon after diagnosis and neonatal intensive care
immediately after birth improved the postnatal course. Several
reports have documented PCDA cases after maternal abundant
polyphenol consumption. Daily intake of prune berry and violet
vegetable juice (containing anthocyanins) for the last ten days
before delivery was associated with PCDA at 38 weeks of gestation
[4]. Maternal daily intake of fresh oranges (rich in flavanones)
also induced constriction of ductus arteriosus at 30 weeks, which
ameliorated by cessation of orange intake [5].

The ductus arteriosus becomes more sensitive to constrictive
factors with increase in gestational age. The sensitivity to
constricting factors (e.g. indomethacin) is estimated to be 5-10%
at 27 weeks, 15-20% at 32 weeks, and almost 100% at 34 weeks
[6], which is compatible with the present case. To date, there is no
consensus concerning the amount of polyphenol consumption that
could cause ductal constriction. The present case is characterized
to describe the amount of maternal polyphenol intake from
polyphenol-rich dark chocolate (381 mg/day) that was taken
along with the daily diet after 34 weeks. Zielinsky et al. conducted
a prospective study investigating the polyphenol dose that could
induce PCDA [7]. A hundred and two fetuses exposed to polyphenol-
rich foods (daily estimated maternal consumption >75% percentile,
or 1098 mg) were compared with 41 unexposed fetuses (daily
estimated maternal consumption <25% percentile, or 127 mg).
Mean peak systolic and diastolic velocities of ductus arteriosus and
the mean ratio of right ventricle to left ventricle were significantly
higher in the exposed fetuses. The present case lacks complete
evaluation of the mother’s total polyphenol intake. However, the
regular Japanese diet has been reported to provide approximately
853 mg polyphenols/day [8], and the mother consumed the
usual Japanese diet before delivery. Detailed dietary assessment
revealed that the dark chocolate (381 mg polyphenol per day)
was her only polyphenol intake, and she possibly consumed 47%
more polyphenols per day after 34 weeks of gestation. The
present findings support previous reports regarding the dose-
dependent effect of polyphenols on the ductus arteriosus. Recently,
polyphenols have become a popular functional food because of
their antioxidant, anti-inflammatory, and anti-hypertensive effects,
by inhibiting cyclooxygenase activity [2].

Polyphenols cannot be synthesized by humans and comprise
several subgroups. Cacao contains numerous flavonoids [9]. Regular
consumption of cacao chocolate is reported to reduce inflammatory
markers and prevent hypertension and cardiovascular disease
[2]. Based on these positive aspects, polyphenol-rich chocolate is
now widely craved by women of reproductive age. However, the
adverse effect of maternal intake of polyphenol-rich chocolate in
late gestation, as in the present case, is not fully appreciated. These
factors may increase the risk of maternal exposure to polyphenol-
rich chocolate in the third trimester of pregnancy and subsequent
PCDA. Pregnant women should therefore be careful regarding their
diet and monitor the consumption of flavonoid and polyphenol-rich

foods, especially in the third trimester.
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