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Background: Preeclampsia is a major cause of maternal, fetal and neonatal morbidity and mortality.

Objectives: The aim of this study was to determine the laboratory disorders in neonates born to preeclamptic mothers.

Patients and Methods: This descriptive-retrospective study was conducted in the neonatal units of Shahid Beheshti and Shabihkhani
Hospitals on neonates born to preeclamptic mothers during 2009 - 2012. Neonatal data including gestational age, gender, mode of
delivery, birth weight and laboratory reports were extracted from their medical records and analyzed.

Results: A total of 2600 newborns were admitted during the study period, of which 84 infants were born to mothers with preeclampsia.
The laboratory disorders were neutropenia in 32 cases (37%), anemia in 33 (39.2%), leucopenia in 24 (28.5%), thrombocytopenia in 23 (27.3%),
hypoglycemia in 28 (33.3%), hypocalcemia in 22 (26.1%) and hyperbilirubinemia in 33 (39.2%) patients. Thirty one infants (35.6%) had positive
cultures .Twenty nine patients (35%) developed coagulative disorders with prolonged PTand PTT. Evaluation of ABG showed 16 infants (19%)
with metabolic acidosis, 23 (27.3%) hypoxia and 24 (28.5%) respiratory acidosis cases. All the laboratory abnormalities were more common
in preterm and low birth-weight-infants.

Conclusions: Early detection and timely management of laboratory disorders in preeclamptic infants may lead to improvement of the

neonatal outcomes.
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1. Background

Hypertensive disorders are the most medical complica-
tions in pregnancy and leading causes of maternal, fetal
and neonatal morbidity and mortality (1, 2). National
high blood pressure education working group has clas-
sified hypertensive pregnancy disorders into five catego-
ries including: A) preeclampsia (blood pressure equal to
or higher than 140/90 in association with proteinuria
equal to or greater than 300 mg in 24-hour urine), B)
transient hypertension of pregnancy (blood pressure
equal to or higher than 140/90 without proteinuria), C)
eclampsia (occurrence of seizures in women with pre-
eclamsia), D) chronic hypertnsion (blood pressure equal
to or higher than 140/90 before pregnancy or diagnosed
before 20t week of pregnancy) and E) preeclampsia su-
perimposed on chronic hypertension (establishment of
proteinuria equal to or greater than 300 mg in 24-hour
urine in women who have had blood pressure equal to
or higher than 140/90 before pregnancy or have been
diagnosed before 20™ week of pregnancy but have not

had proteinuria). In order to determine the best manage-
ment courses, differentiation of these disorders is man-
datory. The gestational and neonatal outcomes for each
of these categories differ; with the worst outcome found
in severe preeclampsia and less severe found in chronic
hypertension. Approximately 30% of hypertensive disor-
ders were due to chronic hypertension whereas 70% were
diagnosed as preeclampsia (1, 3).

Preeclampsia is an unpredictable multisystemic disor-
der with unknown etiology unique to human pregnancy
which complicates about 10% of all pregnancies and even
higher in developing countries because of poor antena-
tal care, lack of health awareness and low socioeconomic
status. Preeclampsia is influenced by nulliparity, age and
race (1, 4). This disease remains a great challenge even to
the most experienced obstetricians because there are no
effective interventions to treat or prevent it and antena-
tal care involves a difficult balance between the risks for
mother to continue the pregnancy and the risks for the
baby’s preterm birth. Primiparity, multiple pregnancies,
previous preeclampsia, autoimmune disease, diabetes,
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renal disease, chronic hypertension and obesity are risk
factors for preeclamsia. A family history of preeclampsia
increases the women'’s risk, suggesting a possible genetic
predisposition (3).

A number of different complex mechanisms includ-
ing lipid and protein oxidation, altered nitric oxide
production and adhesion molecules and placental gly-
coproteins playing a role in trophoblastic-endothelial
dysfunction, may be suggested as the etiopathogenesis
of preeclampsia. A recent study revealed that excessive
placental secretion of soluble fms-like tyrosine kinase-1
may contribute to endothelial dysfunction, hyperten-
sion and proteinuria in preeclampsia (5). Preeclampsia
can lead to acute maternal complications such as pro-
gression to eclampsia, acute renal or hepatic failure, pul-
monary edema, cardiovascular disorders, intracranial
hemorrhage, disseminated intravascular coagulation
and HELLP syndrome (hemolysis-elevated liver enzymes
and low platelet count) (1, 2). Furthermore, there is an in-
creased risk of long-term cardiovascular disease. Hyper-
tensive disorders account for 16% of maternal deaths in
developed countries, 25% in Latin America and 9% in Asia
and Africa (6).

Fetal and neonatal complications associated with pre-
eclampsia are fetal distress, fetal death, growth restric-
tion, oligohydramnios, low APGAR scores and preterm
delivery (2). The rate of fetal complications depends
mostly on gestational age at the time of delivery. Prema-
turity a common complication of preeclampsia either
due to spontaneous labor or conduct of interrupting the
pregnancy due to compromised maternal-fetal health is
the most important factor for increased morbidity and
mortality including more neonatal intensive care unit
admissions and rehospitalization (6). Neonates delivered
to preeclamptic mothers may have spectrum of labora-
tory disorders which may be added to their existing mor-
bidity. Hence, early detection of these disorders may lead
to improvement of the perinatal outcomes.

2. Objectives

To our knowledge, very few studies have been con-
ducted on laboratory findings of neonates born to pre-
eclamptic mothers in Iran. The aim of this study was to
determine the laboratory parameters in neonates born
to preeclamptic mothers.

3. Patients and Methods

This descriptive-retrospective study was conducted on
symptomatic neonates born to preeclamptic mothers
who required admission in neonatal unit of Shahid Be-
heshti and Shabihkhani Hospitals affiliated to Kashan
University of Medical Sciences (in a city of Iran) from
2009 to 2012. This study was approved by medical ethics
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committee. Preeclampsia was defined as blood pressure
>140/90 mmHg with proteinuria > 300 mg in a 24-hour
period, 20 weeks after gestation. In these two hospitals
of Kashan University of Medical Sciences, management
of preeclampsia was based on Williams Obstetric Text-
book. Babies with congenital anomalies, who died im-
mediately after birth, together with any illness observed
in the mothers likely to increase neonatal morbidity and
mortality (such as severe anemia, Rh incompatibility,
diabetes mellitus, chronic diseases and aspirin consump-
tion) were excluded from the study. Laboratory examina-
tions including CBC, biochemistry analysis, evaluation of
coagulation profile, blood gas analysis and cultures were
performed on all neonates with clinical symptoms of
poor feeding, hyporeflexia, lethargy, respiratory distress,
hypoglycemia and etc.

In the present study, leukocyte count of less than 5000/
mm3 has been considered as leukopenia. Infants were
considered to have neutropenia when absolute neutro-
phil count was less than 1500/mm? in the first 72 hours of
life. Anemia is defined by hemoglobin or hematocrit val-
ue more than two standard deviations below the mean
for age and thrombocytopenia was defined as less than
150000/mm?3 platelet count. Although there are contro-
versies about the definition of neonatal hypoglycemia,
blood glucose of less than 40 mg/dL is considered as the
operational threshold to treat hypoglycemia in all neo-
nates in the first day of life and less than 50 mg/dL there-
after. Hypocalcemia is defined as total serum calcium of
less than 7 mg/dL in preterm infants and less than 8 mg|/
dL in term neonates.

Hyperbilirubinemia is defined as deviation of bilirubin
level from the normal range and was managed based on
baby’s gestational age/birth weight, hours of age and
presence or absence of risk factors. The equipment were
Sysmex Kx21 (Japan), BT2000 (Italy) and GEM premier
3000 (USA) for evaluating CBC, biochemistry and ABG re-
spectively. PT and PTT were measured by manual method
with Fisher Kit. Culture media was TSB for blood culture,
EMB and blood Agar for urine culture and Chocolate
Agar, blood Agar and EMB for CSF culture. Neonatal data
including gestational age, gender, mode of delivery, birth
weight and laboratory reports (including hematologic,
metabolic, blood gases, cultures, etc.) were extracted
from their medical records and analyzed. Statistical anal-
ysis was performed using SPSS version 16. Frequency used
for describing data.

4. Results

A total of 2600 newborns were admitted during the
study period, of which 125 infants born to mothers with
preeclampsia, while only 84 of them had the inclusion
criteria to be involved in the study and 41 were excluded.
Basic demographic data of the patients is given in Table 1.
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Table 1. Demographic Characteristics of Patients

Characteristics No. (%)
Gestationl age
<32wk 36 (42.8)
32-37wk 36 (42.8)
>37wk 12 (14.3)
Weight
<1500 g 29 (34.6)
1500-2500 g 35(41.6)
>2500¢ 20(23.8)
Gender
Boy 46 (54.8)
Girl 38(45.2)
Delivery
Vaginal delivery 33(39.3)
Cesarean 51(60.7)

Hematological disorders in these infants were neutro-
penia 32/84 (37%), anemia 34/84 (39.2%), leucopenia 24/84

(28.5%) and thrombocytopenia 26/84 (27.3%). Metabolic
disorders were hypoglycemia 28/84 (33.3%), hypocalcemia
22/84 (26.1%) and hyperbilirubinemia 33/84 (39.2%). About
35% of infants had positive cultures including blood 15/84
(17.8%), urine 10/84 (11.9%) and CSF 6/84 (7.1%). Positive
urine cultures were mainly obtained during the hospital
stay. Thirty five percent of infants developed coagulative
disorders with prolonged PT (23/84) and PTT (6/84). Evalu-
ation of ABG showed 16/84 (19%) of infants having meta-
bolic acidosis, 23/84 (27.3%) hypoxia and 24/84 (28.5%) re-
spiratory acidosis.

All the laboratory abnormalities were more common
in preterm and low-birth-weight infants (Table 2). Thera-
peutic intervention were needed for 16 infants (48.4%)
with anemia (packed red cell transfusion), 17 neonates
(73.9%) with thrombocytopenia (platelet transfusion), 21
cases (75%) of hypoglycemia (glucose infusion), 11 babies
(47.8%) with coagulation disorders (Vitamin K and/or
fresh frozen plasma) and 12 infants (52.1%) with hypoxia
and acid base imbalance (Oxygen administration, me-
chanical ventilation, bicarbonate infusion). Sixteen (50%)
hyperbilirubinemic infants needed exchange transfu-
sion in addition to phototherapy for their jaundice.

Table 2. The Prevalence of Laboratory Disorders Based on Gestational Age (Week)

Type of Disorder <32 wk, No. (%) 32-37wk, No. (%) >37wk, No. (%) Pvalue
Hematologic disorders

Anemia 11(33.33) 17 (51.51) 5(15.15) 03

Neutropenia 15 (46.87) 15 (46.87) 2(6.25) 0.2

Leucopenia 9(37.5) 15(62.5) 0 0.01%

Thrombocytopenia 11(47.82) 10 (43.47) 2(8.69) 0.6
Coagulative disorders

Prolonged PTT 7(30.43) 9(39.13) 7(30.43) 0.032

Prolonged PT 1(16.66) 2(33.33) 3(50%) 0.032
Positive cultures

Urine culture 3(83) 6(16.7) 1(8.2) 0.5

Blood culture 6(16.6) 8(22.2) 0 0.2

CSF culture 2(5.5) 2(5.5) 2(16.7) 0.3
Metabolic disorders

Hyperbilirubinemia 8(24.2) 17 (51.5) 8(24.2) 0.012

Hypoglycemia 17(60.7) 8(28.7) 3(10.7) 0.06

Hypocalcemia 10 (45.4) 5(22.7) 7(38.1) 0.01%
ABG disorders

Metabolic acidosis 4 (25) 8(50) 4(25) 0.1

Hypoxia 9(39.13) 12 (52.17) 2(8.69) 0.4

Respiratory acidosis 15 (62.5) 9(37.5) 0

3 statistically significant
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5. Discussion

Preeclampsia, as one of the most common and impor-
tant hypertensive disorders of pregnancy, is a major
health problem worldwide and a threat to mothers and
infants’ well-being (2). Based on geographic regions of
the world, prevalence of hypertension-complicated preg-
nancies are different (1) and range from 1.5% in Sweden,
2.6% in southwest Saudi Arabia and 3% in northwest Saudi
Arabia to 7.5% in Brazil (2). In the present study the preva-
lence of preeclampsia in the two hospitals of Kashan Uni-
versity of Medical Sciences was 5%. The exact incidence of
preeclampsia in unknown but Infants born to mothers
with pregnancy-induced hypertension are susceptible
to morbidity and mortality and have higher NICU admis-
sion rates than neonate born to healthy women. These
babies may have a spectrum of laboratory disorders. In
our study, hematologic abnormalities were the most
common disorders among these infants.

A common and well-defined effect of preeclampsia
on neutrophils of neonates is neutropenia with an in-
cidence of 50% (7, 8). It is a transient hematologic al-
teration, lasting days to weeks, related to the severity of
pregnancy-induced hypertension. Neutropenia mainly
affects the smaller and younger neonates and may be as-
sociated with an increased risk of nosocomial infection.
In our study prevalence of neutropenia was 38%, compat-
ible with 33% neutropenia in Harms et al. study (9) and
primarily among preterm and low-birth-weight infants.
Neutropenia in preterm and low-birth-weight infants is
supported by other studies (10).

The reason behind neutropenia is unknown, but it is
claimed that the uteroplacental insufficiency inhibits the
production of myeloid lineage by bone marrow. Reduced
numbers of circulating colony forming unit granulocyte
macrophage (CFU-GM) and decreased neutrophil storage
pool is associated with neutropenia (4). In severe cases
the use of granulocyte colony stimulating factor (GCSF)
can improve the absolute neutrophil count (11). There are
some reports of an increased risk of neonatal infection,
but other studies did not support these findings (12, 13).

Thrombocytopenia was present in 27.3% of our cases
compared with the findings of Sivakumar et al. who have
noted thrombocytopenia in 22% of infants born to pre-
eclamptic mothers (12). Other studies showed variable
incidences of thrombocytopenia as 33% by Harm et al. (9),
34% by Eltink et al. (14) and 36% by Bhat et al. (15). Occur-
rence of thrombocytopenia was found to be associated
with decreased birth weight and gestational age. Raizada
et al. showed that preterm infants born to preeclamptic
mothers are at great risk of thrombocytopenia develop-
ment (16). Patricia et al. demonstrated that infants with
<1200 g birth weight as well as < 32 week of gestational
age born to mothers with gestational hypertension, pre-
eclampsia or eclampsia syndrome, had leukopenia, neu-
tropenia and thrombocytopenia (17).
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It has previously been postulated that thrombocytope-
nia is the result of placental insufficiency and decreased
production (8); however Samuels et al. have demonstrat-
ed abnormal platelet antibodies in the infants of pre-
eclamptic mothers and considered an immune theory.
There are studies that support the role of mediators in
developing thrombocytopenia. Normally, vascular endo-
thelial growth factor (VEGF) and placental growth factor
(PIGF) are responsible for maturation of megakaryocyte
and participate in the regulation of megakaryocyte de-
velopment. Low levels of PIGF and VEGF are shown in the
cord blood of preeclamptic mothers’ babies (18). Throm-
bocytopenia is a transitory alteration, more commonly
found in the first 72 hours after birth, with resolution
within 10 days and is not severe in most cases.

Leukopenia was seen in 28.5% of the patients of this
study, more common in babies with gestational age of 32
- 37 weeks. Harms et al. demonstrated leukopenia in 21%
of the affected infants (9). Hyperbilirubinemia was the
most common metabolic disorder with an incidence of
39.2% in the current study, comparable to the one by Eilt-
ink etal. (14) in which 44.7% of cases had jaundice. Hyper-
tensive disorder is a maternal risk factor for development
of hypoglycemia in infants. In addition, vulnerability of
premature and low-birth-weight infants to hypoglyce-
mia is a well-recognized problem in neonatal medicine.
The present study revealed hypoglycemia in 33.3% of pa-
tients, similar to Dhananjaya et al. study with a 40% in-
cidence of hypoglycemia in preeclampsia/eclampsia (19)
and comparable with Eiltink et al. study (14).

Another metabolic derangement was hypocalcemia.
Preeclampsia, prematurity, perinatal stress/asphyxia, in-
trauterine growth restriction, infant of diabetic mother,
maternal hyperparathyroidism, iatrogenic (alkalosis and
use of blood products, diuretic, phototherapy, lipid infu-
sion), maternal intake of anticonvulsants (Phenobarbital
,Phenytoin sodium) are all risk factors for hypocalcemia
especially for the early-onset type which presents within
2 -3 days of life (20).

Positive cultures including blood, urine and CSF were
observed in 16.6%, 11.9% and 7.1% of infants respectively.
They were almost all preterm neonates and had no evi-
dence of neutropenia. There is concern about the possi-
ble relationship between preeclampsia and sepsis. Proci-
anoy et al. found early and late onset sepsis in 4.3% and
22.7% of study populations, respectively. They claimed of
vaginal delivery and neutropenia as significant variables
for early-onset sepsis as well as total parenteral nutrition,
central catheters and mechanical ventilation for late-
onset sepsis, regardless of the presence of neutropenia
(21). Probably prematurity was the causative factor of
infection in our cases. The risk of sepsis in infants born
to preeclamptic mothers is still controversial, but those
with prolonged neutropenia could be at a higher risk of
infection because of impaired host immunity after birth.

In our study a variety of coagulation alterations was
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seen as prolonged PT and PTT in 7.1% and 27.3% of patients
respectively. Severe hypertension may result in a marked
imbalance in the hemostatic system both in the mother
and infant. Prolongation of PT, PTT and TT was demon-
strated by Lox et al. and by Narayan et al. (21, 22). One
reason for this derangement may be the lack of balance
between coagulation and fibrinolysis in localized area of
vascular compartment especially uteroplacental circula-
tion (21). Neonates of preeclamptic mothers, who are at
greatrisk for coagulation disorders and bleeding, require
close follow up. In our patients, the acid base imbalance
and hypoxia were mainly due to perinatal birth asphyxia
and respiratory distress syndrome. Perinatal asphyxia
experienced by these infants could be explained by the
uteroplacental insufficiency and compromise of blood
flow to the fetus which occurs in these pregnancies. Birth
asphyxia and low APGAR score have been reported in
many studies (1-3, 9).

There are conflicting results on the protective effects of
hypertensive disorders for neonatal respiratory distress
syndrome. Chang et al. claimed an increase in the inci-
dence of hyaline membrane disease in the preeclamptic
group especially in neonates with gestational age of <32
weeks compared with non-preeclamptic control group
(23). Also a study from Tunis showed the increased risk of
hyaline membrane disease in premature infants of pre-
eclamptic mothers weighing less than 2000 g (24). The
confounding factors were controlled by these studies.
Therefore, these findings support that fetal lung matu-
rity is not accelerated in preeclampsia but in contrary it
is delayed. Friedman et al. found no differences in the in-
cidence of respiratory distress syndrome (25).

However, there are studies which have reported the
protective effects of hypertensive disorders on neonatal
respiratory morbidities including respiratory distress
syndrome (26). Conditions that cause chronic stress may
be associated with accelerated fetal pulmonary matura-
tion due to increased cortisol production by the fetus.
Neonatal morbidity in newborns of preeclamptic moth-
ers is considerable and the need for medical intervention
should be evaluated. Our findings showed that at least
50% of babies need some therapeutic measures.

Our study had some limitations. It had a retrospective
design so it could not record all the variables complete-
ly. The small sample sizes besides the lack of a control
group were other limitations of this study. Furthermore,
we reported laboratory disorders in the babies born to
preeclamptic mothers regardless of the severity of pre-
eclampsia.

Despite all the obstetric attempts made to improve as-
sessment and surveillance of women who have had hy-
pertension in pregnancy, preeclampsia continues to be
a common and serious complication of pregnancy and
a cause of great concern because of the high rates of ad-
verse maternal, fetal and neonatal outcomes. The pres-
ent study demonstrates a spectrum of laboratory abnor-
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malities especially hematological ones in babies born to
preeclamptic mothers. These abnormalities need early
detection, timely referral to tertiary medical centers and
prompt management in order to improve perinatal and
neonatal conditions in these critical groups of patients.
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