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Effect of early postnatal neutropenia in very low
birth weight infants born to mothers with pregnancy-
induced hypertension

Yang Hee Park, MD, Gyung Min Lee, MD, Purpose: In this study, we aimed to investigate the perinatal clinical
Jung Min Yoon, MD, Enn Jung Cheon, MD, conditions of very low birth weight (VLBW) infants born to mothers

Kyung Ok Ko, MD, Yung Hyuk Lee, MD, Jae with pregnancy-induced hypertension (PIH) focusing on the effects of
Woo Lim, MD early postnatal neutropenia.

Methods: We reviewed the medical records of 191 VLBW infants who
Department of Pediatrics, Konyang University College  were born at Konyang University Hospital, between March 2003 and
of Medicine, Dacjeon, Korea May 2011. We retrospectively analyzed the clinical characteristics of
the infants and their mothers and compared the incidence of perinatal
diseases and mortality of the infants according to the presence or
absence of maternal PIH and neutropenia on the first postnatal day.
Results: Infants born to mothers with PIH showed an increased
incidence of neutropenia on the first postnatal day (47.4%), cesarean
delivery, and intrauterine growth restriction. When the infants born
to mothers with PIH showed neutropenia on the first postnatal
day, their incidence of respiratory distress syndrome (RDS) was
increased (P=0.031); however, the difference was not found to be
significant through logistic regression analysis. In all the VLBW
infants, neutropenia on the first postnatal day was correlated with the
development of RDS. The incidence of the other perinatal diseases
involving sepsis and mortality did not significantly differ according to
the presence or absence of neutropenia in infants born to mothers
with PIH.

Received: 24 August, 2012, Revised: 22 September, 2012 Conclusion: In VLBW infants born to mothers with PIH, the incidence

Accepted: 13 October, 2012

Corresponding author: Jae Woo Lim, MD of neutropenia on the first postnatal day was increased and it was not
Department of Pediatrics, Konyang University College of - gjonjficantly correlated with the development of perinatal diseases
Medicine, 158 Gwanjeodong-ro, Seo-gu, Daejeon 302-718, . . . .

Korea involving RDS, sepsis, and mortality.

Tel: +82-42-600-9230, Fax: +82-42-600-9090

E-mail: jwlim@kyuh.ac kr Key words: Pregnancy-induced hypertension, Neutropenia, Very low

Copyright © 2012 by The Korean Pediatric Society birth weight, Preterm infants, Perinatal diseases

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

462



Korean J Pediatr 2012;55(12):462-469 * http://dx.doi.org/10.3345/kjp.2012.55.12.462 463

Introduction

Pregnancy-induced hypertension (PIH) occurs in approximately
6 t0 20% of pregnant women”. In hypertensive pregnancies, the
risk of cesarean delivery, abruption of placenta, preterm delivery,
and intrauterine growth restriction (IUGR) are increased, and the
perinatal outcome of mothers and infants can become worse™™.
Infants born to mothers with PIH have a higher incidence of
neutropenia and thrombocytopenia in the early postnatal days™®.
Although the exact underlying mechanisms are unclear, it is thought
to be associated with decreased hematogenesis in the bone marrow or
immunological destruction™”.

Neonatal neutropenia can be associated with infection and
sepsis”” and can increase morbidity and mortality, especially in very
low birth weight infants (VLBW)'*™. In addition, animal studies
conducted by Carlton et al.” and other studies”" have suggested
that neutropenia during the early postnatal period is associated with
an increased risk of respiratory distress and bronchopulmonary
dysplasia (BPD). Infants born to mothers with PIH are often born
with VLBW;, and early postnatal neutropenia might be considered to
negatively affect their clinical condition.

In this study, we reviewed the clinical findings of VLBW infants
born to mothers with PIH and investigated the effect of early
postnatal neutropenia on the perinatal clinical conditions of these

infants.

Materials and methods

1. Subjects

We reviewed the medical records of 197 infants with gestational
ages between 24 and 32 weeks and birth weights of <1,500 g who
were admitted to the neonatal intensive care unit (NICU) of the
Konyang University Hospital from March 2003 to May 2011. We
excluded 6 infants who had a congenital anomaly. Thus, a total of 191

infants were enrolled in the present study.

2. Methods

We collected the following data for the mothers: maternal age,
number of live births, history of antenatal care (PIH, allergy, infection,
premature rupture of membrane [PROM], chorioamnionitis,
incompetent cervix, or fetal distress), and drug history (especially the
use of steroids and/or magnesium).

We collected the following data for the infants: gestational age,
birth weight, Apgar scores, sex, twin status, presence of IUGR,
presence of perinatal disease (respiratory distress syndrome [RDS],

BPD, sepsis, necrotizing enterocolitis [NEC], intraventricular

hemorrhage [IVH], periventricular leukomalacia [PVL], or
retinopathy of prematurity [ROP]), hospital days, mortality, and
results of complete blood cell count (CBC) performed on the first
postnatal day. Data were collected retrospectively from medical
records.

In this NICU, CBC s routinely performed immediately after birth
and concurrently with admission. Thus, in this study, CBC on the
first postnatal day was performed within 4 hours after birth in all the
subjects. Maternal PIH was diagnosed when blood pressure higher
than 140/90 mmHg occurred after 20 weeks of postmenstrual age™”.
We defined neutropenia on the first postnatal day as a peripheral
absolute neutrophil count (ANC) lower than 1,500/uL according to
Manroe et al.” and thrombocytopenia as a peripheral platelet count
lower than 150,000/uL"®. RDS was diagnosed when infants showed
clinical signs of respiratory difficulty, and when chest radiographs
revealed specific manifestations of RDS such as reticulonodular
pattern or air-bronchogram, and when infants required an oxygen
supply higher than FiO, 0.4". According to the new diagnostic
criteria of Jobe and Bancalari®”, BPD was diagnosed when oxygen
therapy (supplemental oxygen higher than 21%) was required for
at least 28 days at 36 weeks postmenstrual age or upon discharge in
infants younger than 32 weeks gestational age and between 28 and
56 days or upon discharge in infants older than 32 weeks gestational
age. Sepsis was diagnosed when bacterial pathogens were detected
in 1 or more blood cultures along with the appropriate clinical signs
such as decreased activity, decreased feeding, fever, apnea, tachypnea,
or C-reactive protein elevation™. Sepsis occurring within 7 days after
birth was defined as early-onset sepsis, and that occurring later than 7
days after birth was defined as late-onset sepsis.

We compared the clinical findings of the VLBW infants who
were divided into 2 groups according to the presence or absence
of maternal PIH. Infants born to mothers with PIH were further
classified into 2 groups according to the presence or absence of
infantile neutropenia on the first postnatal day, and the differences in

perinatal clinical conditions between the 2 groups were investigated.

3. Statistical analyses

Statistical analyses were performed using SPSS ver. 12.0 (SPSS Inc.,
Chicago, IL, USA). Comparisons between groups were performed
using the paired t test, chi-square test, and Fisher’s exact test, and the
data were expressed as meansstandard deviation (SD) for continuous
variables. Logistic regression analyses were performed to determine
the factors affecting the development of neutropenia on the first
postnatal day and to assess the risk of perinatal diseases affected by
neutropenia considering the variables that are supposed to affect

infantile neutropenia and common perinatal diseases in VLBW
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infants. Statistical significance was set at <0.05.

Results

1. Clinical characteristics of the subjects

A total of 191 VLBW infants were enrolled in the study, of which
97 (50.8%) were male and 94 (49.2%) were female. The mean birth
weight (mean+SD) was 1,136.7+231 g; the mean gestational age was
28.912.1 weeks, and the mean hospital stays was 62.3+26.8 days.
There were 38 cases (19.9%) of maternal PIH and 51 cases (26.7%)
of infantile neutropenia on the first postnatal day. For the perinatal
diseases, there were 152 cases (79.6%) of RDS, 69 cases (37.1%)
of BPD, 31 cases (16.2%) of sepsis, and 18 cases (9.6%) of NEC.
Mortality was observed in 35 cases (18.3%).

To review the clinical findings of the VLBW infants born to
mothers with PIH, we divided the infants into 2 groups, the infants

born to mothers with PTH (group A) and the infants born to mothers

Table 1. Characteristics of the Infants Born to Mothers with (Gr A) or
without Pregnancy-induced Hypertension (Gr B)

Characteristic (3(;():%%)/% ?;S;Jg; P value
Infantile factors
Birth weight (g) 1,130.3+218  1,138.4+234 0.847
Gestational age (wk) 30.2+2.1 28.5+2.0 <0.001
Twin 4(10.5) 47 (30.7) 0.012
Male 16 (42.1) 81 (52.9) 0.232
Clsec 37(97.4) 114 (74.5) 0.002
1 minute Apgar score 3.6£1.6 3.1£15 0.057
5 minute Apgar score 57+1.8 5.2+1.6 0.07
IUGR 16 (42.1) 9(6.9 <0.001
CBC on the first postnatal day
WBC (/uL) 8,486+6,595 11,701+11,585 0.101
ANC (/uL) 2,161+2,370  5,468+7,497  0.008
Hemoglobin (g/dL) 16.6+1.9 15.4+1.9 0.001
Platelet (10%/L) 196+54 254+80 <0.001
CRP (mg/dL) 0.35+0.44 0.63+0.92 0.086
Maternal factors
PROM 4(10.5) 75(49.00  <0.001
<18 hr/>18 hr 2/2 30/45 <0.001
Chorioamnionitis 21 (565.3) 83 (54.3) 0.910
Steroid”* 25 (65.8) 105 (68.6) 0.737
Magnesium' 36 (94.7) 000 <0.001
Fetal distress 5(13.2) 9(5.9 0.124

Values are presented as mean+SD or no. of patients (%).

PIH, pregnancy-induced hypertension; C/sec, cesarean section; IUGR,
intrauterine growth restriction; CBC, complete blood count; WBC, white
blood cell; ANC, absolute neutrophil count; CRP, C-reactive protein; PROM,
premature rupture of membrane.

*Prenatal use of steroid. Prenatal use of magnesium.

without PIH (group B, Table 1). No statistically significant differences
in the mean birth weight and 1 min/5 min Apgar scores (P>0.05)
were detected, but the mean gestational age was higher in group A
(30.2+2.1 weeks) than in group B (28.5+2.0 weeks, P<0.001). The
incidence rates of cesarean delivery and [UGR were higher in group
A (97.4% [37 cases] and 42.1% [16 cases], respectively) than in group
B (74.5% [114 cases] and 5.9% [9 cases], respectively) (P=0.002 and
P<0.001, respectively). The CBC results on the first postnatal day
showed that the mean ANC and platelet count were lower in group A
than in group B (P=0.008 and P<0.001, respectively), and the mean
hemoglobin value was higher in group A than in group B (P=0.001).
In the comparison of the incidence of perinatal diseases and
mortality, the incidence of neutropenia on the first postnatal day
was significantly higher in group A (47.4%, 18 cases) than in
group B (21.6%, 33 cases) (P=0.001) (Table 2). The incidence of
thrombocytopenia on the first postnatal day was higher in group A
(15.8%, 6 cases) than in group B (9.8%, 15 cases), but the difference
was not statistically significant (P=0.291). The incidence of RDS
was lower in group A (65.8%, 25 cases) than in group B (83.0%,
127 cases; P=0.018). There were no significant differences in the
incidences of the other perinatal diseases (BPD, sepsis, NEC, IVH,
PVL, and ROP), hospital days, and mortality between the 2 groups

Table 2. Perinatal lliness of the Infants Born to Mothers with (Gr A) or
without Pregnancy-induced Hypertension (Gr B)

Group A Group B

(n—s%) (n=123) e

Neutropenia* 18 (47.4) 33(21.6) 0.001
Thrombocytopenia’ 6 (15.8) 15(9.8) 0.291
RDS 25 (65.8) 127 (83.0) 0.018
BPD 11(30.6) 58 (38.7) 0.366
Mild/moderate/severe 2/4/5 12/20/26 0.837
Sepsis 5(13.2) 26 (16.9) 0.566
Early/late 1/4 6/20 0.840
NEC 3(8.3 15(9.9) 0.770
IVH 10 (27.8) 62 (41.1) 0.714
Grade I/1/1INV 8/0/0/2 48/3/3/8 0532
PVL 2(5.7) 22 (15.3) 0.136
ROP 6(17.1) 38 (27.7) 0.200
Stage /ININV 3/1/2/0 7/1017/4 0.405
Hospital days 69.8+26.0 60.4+26.7 0.052
Mortality 7(18.4) 28 (18.3) 0.986

Values are presented as no. of patients (%) or mean+SD.

PIH, pregnancy-induced hypertension; RDS, respiratory distress syndrome;
BPD, bronchopulmonary dysplasia; NEC, necrotizing enterocolitis; IVH,
intraventricular hemorrhage; PVL, periventricular leukomalacia; ROP,
retinopathy of prematurity.

*Neutropenia on the first postnatal day. "Thrombocytopenia on the first
postnatal day.
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(P>0.05) (Table 2).

2. Clinical characteristics of the infants with neutropenia
on the first postnatal day who were born to mothers
with PIH

To investigate the effects of neutropenia on the first postnatal day
on the perinatal clinical conditions of the infants born to mothers
with PIH, we divided the VLBW infants born to mothers with PIH
into 2 groups according to the presence (group A-I) or absence (group
A-II) of neutropenia on the first postnatal day and compared the
clinical characteristics of the 2 groups.

There were no statistically significant differences in the mean birth
weight, mean gestational age, and 1 min/5 min Apgar scores between
the 2 group (P>0.05) (Table 3). The CBC results obtained on the
first postnatal day indicated no significant differences in the mean
hemoglobin value and mean platelet count between the 2 groups

(P=0.409 and P=0.771, respectively). Comparison of the incidence

Table 3. Characteristics of the Infants with (Gr A-I) or without Neutropenia*
(Gr A-ll) Born to Mothers with Pregnancy-induced Hypertension

roup A-l roup A-ll
G (235’8) G (?1220) Pvalue
Infantile factors
Birth weight (g) 1,097.2+203  1,160.0+231  0.382
Gestational age (wk) 30.1£1.7 30.3+2.4 0.752
Twin 2(11.1) 2(10.0) 1.000
Male 9(50.0) 7(62.9) 0.512
Clsec 18 (100) 19 (95.0) 0.336
1 minute Apgar score 3.9+1.3 3.2+1.8 0.186
5 minute Apgar score 6.3+1.2 5.2+2.0 0.067
IUGR 7(38.9) 9(45.0) 0.703
CBC on the first postnatal day
WBC (/uL) 5,146+1,566  11,492+7,902  0.002
ANC (/uL) 845+398 3,346+2,771  0.001
Hemoglobin (g/dL) 16.38+1.68 16.86+1.82  0.409
Platelet (10%/L) 193465 198+44 0.771
CRP (mg/dL) 0.30+0.31 040054 0490
Maternal factors
PROM 2(11.1) 2(10.0) 1.000
<18 hr/>18 hr 11 11 0.99%4
Chorioamnionitis 8 (44.4) 13 (65.0) 0.203
Steroid’ 14(77.8) 11 (55.0) 0.139
Magnesium’ 16 (88.9) 20 (100) 0.126
Fetal distress 1(5.6) 4(20.0) 0.188

of perinatal diseases and mortality (Table 4) between both groups
showed that the incidence of RDS was significantly higher in group
A-1(83.3%, 15 cases) than in group A-II (50.0%, 10 cases; P=0.031).
The incidence of BPD and sepsis was higher in group A-I (38.9%
and 22.2%, respectively) than in group A-II (22.2% and 5%), but
these differences did not reach statistical significance (P=0.471 and
P=0.170, respectively). The other perinatal diseases (NEC, IVH,
PVL, and ROP) and hospital days were not significantly different
between the 2 groups (P>0.05) (Table 4). Mortality was higher in
group A-I (27.8%, 5 cases) than in group A-II (10.0%, 2 cases), but
the difference was not statistically significant (P=0.222).

3. Factors affecting the development of neutropenia on the
first postnatal day in the VLBW infants

To better understanding the difference in perinatal clinical
conditions according to the presence or absence of early postnatal
neutropenia, we examined the factors affecting the development
of early postnatal neutropenia. Logistic regression analysis was
performed to assess the factors independently affecting the
development of neutropenia on the first postnatal day in all the
VLBW infants considering the variables that showed a correlation
on the univariate analysis or those expected to affect infantile
neutropenia.

Multiple birth (odds ratio [OR], 2.87; 95% confidence interval

Table 4. Perinatal lliness of the Infants with (Gr A-I) or without Neutropenia®
(Gr A-Il) Born to Mothers with Pregnancy-induced Hypertension

Group A-l Group A-ll

(n:[1)8) (n:gO) P value

Thrombocytopenia’ 5(27.8) 1(5.0) 0.055
RDS 15(83.9) 10 (50.0) 0.031
BPD 7(389) 4(22.2) 0.471
Mild/moderate/severe 0/3/4 2/11 0.160
Sepsis 4(22.2) 1(6.0) 0.170
Early/late 0/4 1/0 0.059
NEC 2(11.1) 1(5.6) 0.546
IVH 5(27.8) 5(27.9) 1.000
Grade IN1INV 4/0/0/1 4/0/0/1 1.000
PVL 2(.9 2(5.6) 1.000
ROP 3(17.6) 3(16.7) 1.000
Stage I//111/V 2/1/0/0 1/0/2/0 0.342
Hospital days 71.3+30.2 68.5£22.3 0.747
Mortality 5(27.8) 2(10.0) 0.222

Values are presented as mean+SD or no. of patients (%).

C/sec, cesarean section; IUGR, intrauterine growth restriction; CBC,
complete blood count; WBC, white blood cell; ANC, absolute neutrophil
count; CRP, C-reactive protein; PROM, premature rupture of membrane.
“Neutropenia on the first postnatal day. 'Prenatal use of steroid. *Prenatal
use of magnesium.

Values are presented as no. of patients (%) or mean+SD.

RDS, respiratory distress syndrome; BPD, bronchopulmonary dysplasia;
NEC, necrotizing enterocolitis; IVH, Intraventricular hemorrhage; PVL,
periventricular leukomalacia; ROP, retinopathy of prematurity.

*Neutropenia on the first postnatal day. "Thrombocytopenia on the first
postnatal day.
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[CI], 1.19 to 6.94; P=0.019) and maternal PIH (OR, 5.37; 95% CI,
1.93 to 14.9; P=0.001) showed a correlation with neutropenia on
the first postnatal day (Table 5), whereas other variables involving

gestational age and IUGR did not show a correlation.

4. Perinatal diseases affected by neutropenia on the first
postnatal day in the VLBW infants

Alogistic regression analysis was performed to investigate the effects
of neutropenia on the first postnatal day on the perinatal clinical
conditions in all the VLBW infants (Table 6). Various perinatal
diseases commonly found in the NICU were selected as variables
because infantile neutropenia can affect general perinatal clinical
conditions in diverse and complicated manners in VLBW infants.
RDS showed a correlation with neutropenia on the first postnatal day
(OR, 3.59; 95% CI, 1.14 to 11.34; P=0.029), but the other perinatal
diseases involving BPD and sepsis showed no significant correlation

with neutropenia.

5. Perinatal diseases affected by neutropenia on the first
postnatal day in VLBW infants born to mothers with

PIH
To investigate the effects of neutropenia on the first postnatal day
on the perinatal clinical conditions in 38 VLBW infants born to

mothers with PIH, we performed an unadjusted univariate logistic

Table 5. Factors Affecting the Development of Neutropenia on the First
Postnatal Day in VLBW Infants

QOdds ratio (95% Cl) P value

Multiple birth 2.87 (1.19-6.94) 0.019
Sex (female:male) 2.19(0.27-1.21) 0.147
IUGR 1.25 (0.40-3.89) 0.697
Gestational age (wk)

24-27

28-30 1.68(0.69-4.12) 0.254

31-32 0.44 (0.12-1.63) 0.217
Birth order

1st live birth

2nd live birth 1.32 (0.59-2.97) 0.498

3rd live birth 1.11(0.30-4.12) 0.870
Fetal distress 1.46 (0.41-5.19) 0.556
PIH 5.37 (1.93-14.9) 0.001
Steroid* 0.69 (0.32-1.48) 0.340
Chorioamnionitis 0.64 (0.31-1.33) 0.233
Incompetent cervix 0.97 (0.27-3.45) 0.963
PROM 0.76 (0.34-1.70) 0.504

Cl, confidence interval; IUGR, intrauterine growth restriction; PIH, pregnancy
induced hypertension; PROM, premature rupture of membrane.
*Prenatal use of steroid.

regression analysis because of the small number of subjects (Table 7).
Although the only factor that showed a correlation with neutropenia
associated with maternal PIH was RDS in the Fisher’s exact test
(Table 4), to investigate the effects of neutropenia on the first
postnatal day considering general perinatal clinical aspects, various
perinatal diseases commonly observed in the NICU were selected
as variables. Perinatal diseases involving RDS, which showed a
correlation in the analysis performed including all the VLBW infants
(Table 6), showed no significant correlation with neutropenia on the

first postnatal day in the infants born to PIH mothers.

Discussion

Neutropenia is a frequent problem in the NICU, and its incidence
is reported to be as high as 8% among NICU patients”. Infants born
to mothers with PIH have a higher incidence of neutropenia and
thrombocytopenia in the early postnatal days than other infants™.
Neutropenia occurs in approximately 50% of infants born to mothers
with PIH and 80% of VLBW infants born to mothers with PTH*”.

The exact mechanisms underlying the occurrence of neutropenia
in infants born to mothers with PIH remain elusive, but that are
thought to be different from those observed in infants born to mothers
without PIH. In most cases, infantile neutropenia is idiopathic.
Other possible mechanisms are that infantile neutropenia is the

result of decreased neutrophil production™

, increased consumption
or destruction of neutrophils associated with microbial infections
and alloimmune and autoimmune neutropenia®”, and increased
migration of neutrophils in the microvascular endothelium®. On
the other hand, a number of mechanisms have been suggested as
the underlying causes of the development of neutropenia in infants
born to PIH mothers, including impaired myelopoiesis, diminished

. . ,23] H
numbers of myeloid progenitors™”, enhanced expression of Fas-

Table 6. Perinatal Diseases Influenced by Neutropenia on the First
Postnatal Day in VLBW Infants

Adjusted odds ratio (95% Cl) P value
RDS 3.59 (1.14-11.34) 0.029
BPD 1.83(0.78-4.30) 0.164
Sepsis 1.15(0.39-3.44) 0.796
NEC 0.63 (0.15-2.67) 0.531
IVH 0.92 (0.20-4.17) 0.914
PVL 0.68 (0.24-1.92) 0.462
ROP 0.63 (0.25-1.60) 0.336
Death 0.62 (0.16-2.45) 0.504

VLBW, very low birth weight; Cl, confidence interval; RDS, respiratory
distress syndrome; BPD, bronchopulmonary dysplasia; NEC, necrotizing
enterocolitis; IVH, intraventricular hemorrhage; PVL, periventricular
leukomalacia; ROP, retinopathy of prematurity.
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associated proteins7), or diminished endogenous levels of factors
that stimulate neutrophil production, such as granulocyte colony-
stimulating factor (G-CSF™.

There is a high proportion of VLBW infants among the infants
born to mothers with PIH because of the increased risk of IUGR
and preterm delivery, and perinatal diseases could be a common
problem in these infants™. Although previous studies reported the
effects of early postnatal neutropenia associated with maternal PIH
on perinatal clinical conditions, most of these were studies with
limited range, such as those including only hematologic profiles or
development of sepsis” "’ Studies that encompass the effect of early
postnatal neutropenia on the overall perinatal clinical condition of
infants born to mothers with PIH are lacking.

This study was initially designed based on the fact that although
a correlation between eatly postnatal neutropenia and respiratory
distress and pulmonary complications was reported in previous
studies™*”, the incidence of early postnatal neutropenia was increased
while the incidence of RDS was decreased in infants born to mothers
with PTH*”. This led us to question how the incidence of RDS
changed according to the presence or absence of early postnatal
neutropenia in infants born to mothers with PIH. In addition, we
examined the differences in overall perinatal clinical conditions
involving the incidence of perinatal diseases and mortality according
to the presence or absence of early postnatal neutropenia in infants
born to mothers with PIH. We restricted the range of subjects to
VLBW infants because perinatal diseases mainly occur in preterm
infants with low birth weight, and we also restricted the gestational
ages of infants to a range between 24 and 32 weeks to reduce the
effect of the difference of gestational age because the incidence of
TUGR is increased in infants born to mothers with PIH?.

Among the 191 VLBW infants, 19.9% (38 cases) were born
to mothers with PIH. Neutropenia on the first postnatal day was
observed in 26.7% (51 cases) of VLBW infants, and 47% (18 cases)
of infants born to mothers with PIH. The incidence of infantile
neutropenia has been reported to increase with lower gestational
age and more severe maternal PIH>*. In this study, gestational age
was not correlated with the development of neutropenia on the first
postnatal day, whereas multiple births and maternal PIH showed
a significant correlation (Table 7). Possible explanations for this
result are that the cases of neutrophilia were not excluded from the
analysis, and the range of fluctuation of ANC is wide during the
first few days after birth, especially in infants with lower gestational
age”. A correlation between the severity of maternal PIH and the
development of neutropenia could not be established because of the
small number of subjects.

The group of infants born to mothers with PTH showed a higher

mean gestational age. The mean birth weightand 1 min/5 min Apgar
scores of these infants were not significantly different as compared to
those of the other infants. The incidences of cesarean delivery, IUGR,
and neutropenia on the first postnatal day were increased.

The incidence of RDS is known to decrease in infants born
to mothers with PIH. This is due to the acceleration of fetal lung
maturation by increased stress hormone levels™*”. In this study, the
incidence of RDS was decreased in the infants born to PIH mothers.
However, their higher gestational age might be considered when
interpreting this result. Furthermore, the result was not statistically
significant in the additional logistic regression analysis (OR, 0.75;
95% CI, 0.15 to 3.71; P=0.723). There were no significant differences
in the incidence of the other perinatal diseases involving BPD and
sepsis, hospital days, and mortality.

In the comparison of the perinatal clinical conditions of the infants
born to mothers with PIH according to the presence or absence of
neutropenia on the first postnatal day, the group of infants with
neutropenia showed no significant differences in mean birth weight,
mean gestational age, and 1 min/5 min Apgar scores, whereas the
incidence of RDS was increased significantly (P=0.031). However,
in the logistic regression analysis performed for the group of infants
born to mothers with PIH, there was no significant correlation
between neutropenia on the first postnatal day and the development
of perinatal diseases involving RDS (Table 7). On the other hand, in
the logistic regression analysis performed for all the VLBW infants,
neutropenia on the first postnatal day was significantly correlated
with the development of RDS (Table 6).

Previous studies reported a correlation between early postnatal
neutropenia and the development of respiratory distress. In their
in vivo studies, Carlton et al.'”” demonstrated that neutropenia
detected immediately after birth is associated with the migration

of neutrophils from peripheral blood to the lung tissue and seques-

Table 7. Perinatal Diseases Influenced by Neutropenia on the First
Postnatal Day in the Infants from PIH Mothers

Unadjusted odds ratio (95% Cl) P value
RDS 4,78 (0.92-33.92) 0.066
BPD 2.18(0.42-12.95) 0.471
Sepsis 5.20 (0.45-281.09) 0.278
NEC 2.08 (0.10-132.61) 1.000
IVH 1.00 (0.01-83.05) 1.000
PVL 1.06 (0.01-88.24) 1.000
ROP 1.07 (0.12-9.38) 1.000
Death 3.35(0.46-40.40) 0.322

PIH, pregnancy-induced hypertension; Cl, confidence interval; RDS,
respiratory distress syndrome; BPD, bronchopulmonary dysplasia;
NEC, necrotizing enterocolitis; IVH, intraventricular hemorrhage; PVL,
periventricular leukomalacia; ROP, retinopathy of prematurity.
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tration of neutrophils in the lung tissue™. They suggested that
this sequestration could lead to inflammation of the pulmonary
microvessels and pulmonary parenchyma, and cause pulmonary
edema and respiratory distress. Other studies have also reported that
early postnatal neutropenia in preterm infants is associated with
pulmonary parenchymal damage and development of BPD"**”.

These previous studies and the results of the present study showing
that the incidence of RDS was significantly increased in infants with
neutropenia on the first postnatal day who were born to mothers with
PIH on the Fisher’s exact test (Table 4) suggest the possibility that
deterioration of lung conditions might also occur in infants born to
mothers with PIH when they have neutropenia in the early postnatal
days. But the logistic regression analysis showed that neutropenia
on the first postnatal day and RDS were not significantly correlated
in infants born to mothers with PIH. However, this result had a
limitation that the number of infants born to mothers with PIH
was small (38 cases). Therefore, we could not conduct a multivariate
logistic regression and had to conduct a unadjusted univariate logistic
regression analysis. Further clinical studies with a large number
of subjects and a basic medical study to determine the underlying
mechanisms are required.

Previous studies investigating the correlation between neutropenia
in infants born to mothers with PIH and the development of sepsis
have reported variable results. Sharma et al.” and Doron et al.””
have reported that neutropenia in infants born to mothers with PIH
was significantly correlated with the development of sepsis, especially
late-onset sepsis. On the contrary, Paul et al.” and Yoon et al.*®
reported no significant correlation between the two. In the present
study, among the 38 infants born to mothers with PIH, 18 had
neutropenia on the first postnatal day, of whom 4 (22.2%) developed
sepsis, and they all represented late-onset sepsis. Compared with 1
(5%) of the infants without neutropenia, the incidence of sepsis was
increased when the neutropenia occurred on the first postnatal day
in the infants born to mothers with PTH, but the increase was not
statistically significant.

In the incidence of the other perinatal diseases (NEC, IVH, PVL,
and ROP), hospital days, and mortality, no significant differences
were found according to the presence or absence of neutropenia on
the first postnatal day in the infants born to mothers with PIH.

This study has some limitations. The small sample size included
191 VLBW infants and 38 infants born to mothers with PIH.
We were unable to evaluate the effects according to the severity of
maternal PIH and neutropenia. In addition, the retrospective study
design was another limitation.

In conclusion, in the VLBW infants born to mothers with PIH,

the risks of cesarean delivery, IUGR, and early postnatal neutropenia

were increased. In cases of early postnatal neutropenia occurred in
the infants born to mothers with PIH, there were no significant
differences in hospital days and mortality, and no significant
correlation was found between early postnatal neutropenia and
perinatal diseases involving RDS and sepsis. Further clinical studies

with a large number of subjects are required.
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