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ABSTRACT: Intraventricular hemorrhage (IVH) is a devastating morbidity in preterm infants and can result in poor neurodevelopmental
outcomes. Intraventricular hemorrhage usually occurs within 72 hours after birth; post-acute-phase IVH (>1 week after birth) is uncommon.
Development of the hemostatic system in fetuses and neonates is an age-dependent evolving process, and the neonatal hemostatic system

is characterized by low levels of vitamin K-dependent factors, with further reduction caused by prematurity. Importantly, a severe coagulation
deficiency can be a major contributing factor of IVH. Active maternal Crohn disease (CD) during pregnancy causes malnutrition via enteral
malabsorption; this may include vitamin K deficiency, resulting in fetal vitamin K deficiency. We herein describe a preterm infant who was born to
a mother with CD and developed post-acute-phase IVH due to coagulopathy despite vitamin K administration.
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Introduction

Intraventricular hemorrhage (IVH) is a devastating morbid-
ity in preterm infants and can result in poor neurodevelop-
mental outcomes.! Intraventricular hemorrhage usually
occurs within 72 hours after birth; post—acute-phase IVH (>1
week after birth) is uncommon.?3 Development of the hemo-
static system in fetuses and neonates is an age-dependent
evolving process, and the neonatal hemostatic system is char-
acterized by low levels of vitamin K—dependent factors, with
turther reduction caused by prematurity. Importantly, a severe
coagulation deficiency can be a major contributing factor of
IVH.#* Active maternal Crohn disease (CD) during preg-
nancy causes malnutrition via enteral malabsorption; this may
include vitamin K deficiency, resulting in fetal vitamin K
deficiency.” We herein describe a preterm infant who was
born to a mother with CD and developed post—acute-phase
IVH due to coagulopathy despite vitamin K administration.

Case Presentation

A 34-year-old woman with CD (gravida 1, para 1) who had been
diagnosed with pregnancy-induced hypertension (PIH) and
marginal placenta previa at 20 weeks of pregnancy was referred to
our center because of fetal growth restriction (FGR). She exhib-
ited intermittent genital bleeding after admission, and her preg-
nancy was interrupted due to massive bleeding at 26 weeks 6 days
of gestation. The history of the mother such as PIH, thrombocy-
topenia, low antithrombin III, and FGR suggested a minor form
of HELLP syndrome; however, her liver enzyme levels (aspartate
aminotransferase [AST]: 34 IU/L, alanine aminotransferase

[ALT]: 20 IU/L) did not meet the criteria. A female infant was

born via emergent cesarean section (birth weight: 666 g [-1.7
SD]J; Apgar scores of 3 and 5 at 1 and 5 minutes, resplectively).
The mother had developed CD at 25 years of age; however,
she had not been diagnosed with vitamin K deficiency before
pregnancy. The disease deteriorated during her first pregnancy
(28 years of age) with the symptoms of intractable diarrhea and
coagulopathy (prothrombin time: 57%) since 33 weeks of ges-
tation. Based on the findings of reduced prothrombin time, she
was diagnosed with vitamin K deficiency and received intrave-
nous vitamin K administration on the day before delivery. Her
first child, a male infant, was delivered at 33 weeks of gestation
6 days at regional hospital by emergent cesarean section and
found to have third-grade IVH at birth; this proceeded to pos-
themorrhagic hydrocephalus. At 29 years of age, the mother
underwent surgical repair of an anal fistula and required an
elemental diet and parenteral nutrition with daily prednisolone
(40 mg/d). At 31 years of age, infliximab and oral mesalazine
were administered for treatment of an ileum-skin fistula. She
achieved remission and required no steroid treatment thereaf-
ter. Her coagulation status at delivery was normal (Table 1).
The infant was tracheally intubated soon after birth, received
an artificial pulmonary surfactant for respiratory distress syn-
drome, and was mechanically ventilated on synchronized inter-
mittent mandatory ventilation mode. She was hypotensive on
the neonatal intensive care unit (NICU) admission and required
inotropes and volume expanders including albumin, packed red
blood cells, fresh frozen plasma (FFP), and hydrocortisone via
umbilical venous catheters to maintain her blood pressure. She
also received a dose of indomethacin at 15 hours, and patent
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Figure 1. Brain ultrasound images. (A) Brain ultrasound revealed no abnormality on admission. (B, C) Grade 2 intraventricular hemorrhage was detected
(arrows) in the right lateral ventricle on day 8. (D) The formation of subependymal cysts was confirmed by brain ultrasound at day 34.

ductus arteriosus was closed at 36 hours after birth. Initial blood
tests revealed leukocytopenia and massive coagulopathy (Table
1). Initial brain ultrasound (Figure 1A) and echocardiography
revealed no abnormalities. Her coagulopathy was recovered on
day 2 (Table 1) after intravenous administration of vitamin K,
(menatetrenone, 1 mg) at the admission to NICU and FFP. She
required 2 additional doses of surfactant on days 2 and 4 of life
for respiratory distress. Her cardiorespiratory condition was
maintained under mechanical ventilation and inotrope manage-
ment in the postacute phase; however, enteral nutrition could
not be increased (<20 mL/kg/d) because of feeding intolerance.
In addition, following brain ultrasound performed at 8, 27, 36,
and 46 hours and 4 days after birth revealed no abnormality. On
day 8 of life, pulmonary hemorrhage occurred unexpectedly, and
ultrasound examination revealed grade 2 IVH (Figure 1B and
C) and relapse of the coagulopathy without signs of dissemi-
nated intravascular coagulation (Table 1). The coagulopathy
gradually improved after multiple intravenous administrations
of vitamin K, (1 mg on days 8 and 9 and 2 mg on day 14),
packed red blood cells (days 9 and 18), and FFP (days 8-12, 15,
and 18); the IVH did not progress thereafter. She has never
received fat-soluble vitamins with parenteral nutrition. Tests for
lupus anticoagulant (day 10) and protein induced by vitamin K
absence or antagonist II (PIVKA-II, day 14) were negative.
She had no signs of infections throughout the course. The

coagulopathy did not relapse, and the absorption of hemorrhage
and the formation of subependymal cysts were confirmed by
brain ultrasound on day 34 (Figure 1D). Brain magnetic reso-
nance imaging performed on day 115 did not reveal any abnor-
mal findings except right obsolete hemorrhage. She was
discharged on day 121 of life. She recently turned 7 years of age
with no episodes of bleeding tendency or developmental delay
(deviation quotient assessed by Wechsler Preschool and Primary

Scale of Intelligence at 6 years of age: 90).

Discussion

Crohn disease is an inflammatory bowel disease that typically
causes transmural inflammation with skip lesions. The inci-
dence of CD has increased during the past few decades.® A
large cohort study suggested that pregnancy in patients with
CD is associated with increased risks of low birth weight, pre-
term birth, and small for gestational age®’; however, no evi-
dence is available regarding the bleeding risk in newborns. The
maternal medications for CD in the present case showed no
evidence of contributing to the neonatal coagulopathy.® And,
the maternal vitamin K deficiency may have been responsible
for the bleeding tendency at birth, as occurred with the moth-
er’s first child, but not for the coagulopathy after postnatal vita-
min K administration.’ In addition, it is reported that only a
little amount of vitamin K crosses placenta during delivery.’
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Theoretically, vitamin K deficiency is not associated with
decreased fibrinogen levels as seen in our case.?

The limitation of our case is that the timing we measured
PIVKA-II was too late to prove that the cause of coagulopa-
thy was not vitamin K deficiency because PIVKA-II was
already negative from 24 hours to 4 days after vitamin K
administration in previous report about normal newborns,
although PIVKA-II values could be dependent on vitamin K
preparation used.!-13 Multiple predisposing factors, includ-
ing maternal bleeding, birth asphyxia, prematurity, and FGR,
in addition to maternal CD might be responsible for the car-
diopulmonary instability and hematologic disturbances
including leukocytopenia, anemia, and long-lasting throm-
bocytopenia in this case. A possible mechanism of coagu-
lopathy is poor synthetic ability of clotting factor in liver in
critically ill very premature infant, although the data of
hepatic function of this patient were within normal range
(AST: 15 TU/L, ALT: 3 IU/L),? in addition to insufficient
placental transport of nutrients due to maternal CD. And, it
is noteworthy that vitamin K is necessary not only for the
synthesis of 4 plasma clotting factors but also for the produc-
tion of 2 anticlotting factors of protein C and protein S.14
Thus, vitamin K administration could result in unfavorable if
the reactivity of the vitamin K-dependent clotting factors
and anticlotting factors were altered. However, it should be
emphasized that this is not the typical clinical course of a
preterm infant of a mother with CD.

In conclusion, we believe that careful observation for coagu-
lation is warranted even after vitamin K administration in pre-
term infants born of a mother with CD.
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