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ABSTRACT

Background: Hemolytic jaundice is the most serious cause of hyperbilirubinemia among neonates. It
may develop to kernicterus due to misdiagnosis or inappropriate treatment. The aim of this study is to
determine the prevalence rate of hemolytic jaundice, predisposing factors and assessment of treatment
and complications in hemolytic jaundice.

Methods: This prospective descriptive study has been performed on 1568 newborns with jaundice as
their chief complaint, in a seven-year period at Ghaem hospital in Mashhad, Iran. 795 neonates were
included in our study (237 infants with hemolytic jaundice and 558 infants with idiopathic jaundice).
Complete physical examinations and laboratory tests were performed and data were recorded.
Statistical analysis was carried out, using SPSS 11.5 statistical package.

Results: In the present study, significant differences were determined between two groups of hemolytic
and idiopathic jaundice for total serum bilirubin, hematocrit, time of jaundice appearance, age of
admission, hospitalization period and incidence of kernicterus (p<0.001). Newborns with ABO
incompatibility (17%), Rh disease (7%), G6PD deficiency (6%) and minor blood group immunization
(2%) were developed to hyperbilirubinemia, respectively. Among the newborns affected with kernicterus,
12 cases were placed in group with ABO hemolytic disease (9%), 3 cases were in Rh isoimmunization
group (5.5%), 4 cases were in G6PD deficiency group (8.9%) and 9 cases were idiopathic (1.6%).

Conclusion: Jaundice due to hemolysis is associated with a higher serum bilirubin and more
complications like kernicterus. ABO incompatibility was the most common reason of hemolytic jaundice
among neonates in north east of Iran. Special attention to ABO incompatibility and G6PD enzyme
screening may decrease complications and improve the prognosis.

Introduction
Hyperbilirubinemia is a common and in most

cases, benign problem in neonates.  Jaundice is appeared
during the first week of life in approximately 60% of term
and 80% of preterm infants. Hyperbilirubinemia may
increase in 8-11% of newborns to higher than 95% of
percentile and requires evaluation and treatment
[1].Jaundice is the most common reason for admission

during the 1st month of life [2, 3]. Multiple variables
(maternal, infantile, during labor and environmental
factors) affect the course and severity of jaundice.
Unfortunately, early discharging of mother and baby
from obstetric ward is recently increased. High risk
infants who became symptomatic in the hospital should
be followed up as outpatient; otherwise they will usually
develop into severe jaundice and complications [2, 3].
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Hemolysis is the most important and most
serious cause of hyperbilirubinemia in newborns.
Jaundice due to hemolysis can be diagnosed easily and
is preventable by early treatment [4, 5]. Neurologic
injury, kernicterus, may be resulted by inadequate
preventive management and treatment delay [6].

Kernicterus causes 10 percent of death and 70
percent of disorders related to hyperbilirubinemia. Asian
ethnicity is more affected to kernicterus [7]. The aim of
this study is to determine the prevalence rate, time of
jaundice appearance, severity of jaundice, maternal and
infantile predisposing factors, duration of treatment and
complications of hyperbilirubinemia due to hemolysis.

Material and Methods
This descriptive analytic study has been done

from October 2002 to September 2009 and evaluated
causes, contributing factors, signs and symptoms and
complications of hyperbilirubinemia in newborns with
jaundice.  Clinical jaundice is diagnosed by yellowish
color of sclera, mucosal and skin.  Newborns who were
admitted for jaundice aged 1 to 29 days. This study has
been accomplished over seven years, on 1568 newborns
admitted to NICU and pediatric emergency room in
Ghaem hospital in Mashhad, Iran.

Laboratory tests were performed for two groups
of infants. First, infants who were clinically jaundice to
more extent of mid-abdomen with normal physical
examination and second group who was defined as high
risk jaundice infant. High risk infant was determined as
Rh or ABO incompatibility, prematurity, history of jaundice
and hospitalization in prior baby and symptomatic
jaundice. The ethic committee of Mashhad University of
medical science approved this study and all patients
signed informed consent. Information were collected
and recorded by neonatal fellowship and neonatologist.

Maternal data like history of pregnancy and
delivery, age, blood group, disorder of pregnancy, type
of delivery, duration of hospitalization after delivery and
gestational order were all recorded.

Newborn’s data like time of jaundice appearance
and discharge from hospital, signs and symptoms on
admission, duration of hospitalization and treatment
plan were recorded and complete physical examination
was done. Finally, laboratory tests were performed
(hematocrit, indirect and direct bilirubin, coombs test,
reticulocyte count, blood type and G6PD).

In current study, 795 infants with jaundice were
included and categorized in two groups, 237 neonates
with hemolytic jaundice (Rh, ABO, minor blood group
incompatibility and G6PD deficiency) and 558 infants
with idiopathic hyperbilirubinemia (Fig. 1). Then, they
were compared with each other. 773 jaundice babies
were excluded due to non hemolytic- non idiopathic
causes of hyperbilirubinemia, non compliant parents
and symptomatic disease (Fig. 1).

Figure 1: Flowchart of the study.

Rh isoimmunization was determined by either
mother’s Rh negative and infant’s Rh positive, both with
positive direct antiglubulin test and/or decreased
hematocrit. ABO incompatibility was defined by either
mother’s O blood group and infant with A or B blood
group with two or more of the following were present: 1-
jaundice appears in the first day 2-positive direct
antiglubulin test 3-positive indirect antiglubulin test 4-
presence of microspherocytosis in peripheral blood
smear.

Provided Rh or ABO isoimmunization ruled out
and direct antiglubulin test become positive, it is
interpreted as minor blood group incompatibility. G6PD
enzyme was measured by the fluorescent spot method.

Statistical analysis was carried out using SPSS
11.5. The Student T-test, Fissure test and Chi-square
test were performed on quantitative and qualitative
variables. P-value less than 0.05, was considered
statistically significant.

Results
Among 795 neonates, who were eligible in

current study, we found 237 neonates with hemolytic
jaundice and 558 neonates with idiopathic jaundice. We
did not find significant differences in  birth weight and
weight on admission between two groups (p>0.05, Table
1).
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In this report, the prevalence rate of hemolytic
jaundice was 30 percent (Fig. 2). Time of jaundice
appearance, age of admission, serum bilirubin,
hematocrit, hospitalization period, development of
kernicterus, shows statistically significant differences
between two groups (p<0.001, Table1).

with ABO hemolytic disease (9%), 3 cases were in Rh
isoimmunization group (5.5%), 4 cases were in G6PD
deficiency group (8.9%) and 9 cases were idiopathic
(1.6%).

Figure 2: The prevalence rate of hemolytic jaundice in neonatal
hyperbilirubinemia.

Table 1: Characteristics of groups.

Jaundice in hemolytic disease group was
developed by ABO hemolytic disease (56%), Rh
isoimmunization (23%), G6PD deficiency (19%) and
minor blood group incompatibility (2%), respectively.
The current study showed that more infants with
hyperbilirubinemia of at least 25 mg/dl were placed in
hemolytic group in comparison with idiopathic group
(37% vs 18%).Among jaundice newborns with ABO
hemolytic disease, positive indirect coombs test was
detected in 96 newborns (72.72%) and positive direct
coombs test were reported in 36 infants (27.28%).
Almost all newborns with Rh isoimmunization had positive
direct coombs test.

Median serum bilirubin and hematocrit were
measured 34.3 ± 10 mg/dl and 40.3 ± 8%, respectively
in neonates who developed into kernicterus. Kernicterus
was defined by early clinical aspects like opisthotonus,
seizures and high pitched cry and/or sensorineural
deafness within next follow up.   Among the newborns
affected with kernicterus, 12 cases were placed in group

Table 2: Clinical and paraclinical manifestations of newborns
with hemolytic jaundice.

Values expressed as mean ± SD or number (%).

Discussion
The present study shows, the most common

pathologic cause of hyperbilirubinemia in newborn, was
due to hemolytic disease (30%).The prevalence rate of
hemolytic jaundice was reported 23 percent in Canada
[4]. High prevalence rate reported in this study may be
explained by insufficient screening program, inadequate
parents’ information about early reexamination of
newborns two days after discharge, early discharge and
lack of serum bilirubin measurement or coombs’ test in
high risk newborns.

Among newborns with jaundice that were
included in our study, hyperbilirubinemia caused by
ABO incompatibility was the most common (17%),
followed by Rh isoimmunization (7%), G6PD deficiency
(6%) and minor blood group incompatibility (2%),
respectively. In our study, the prevalence rate of ABO
incompatibility (mother with blood group O and newborn’s
A or B) was reported 40.4 percent; therefore, high
incidence of hemolytic jaundice due to inadequate
screening test was predictable. Kaini’s study in Nepal on
293 neonates with hyperbilirubinemia, reported, ABO
and Rh isoimmunization were common causes of
jaundice, 11 and 7.4 percent, respectively [8]. Only one-
third of newborns with ABO incompatibility develop to
hyperbilirubinemia [9].  The reason for high prevalence
rate of ABO induced jaundice, reported in this
investigation was that we have evaluated jaundice
newborns but other publishes, evaluated all newborns.

In current study 18 percent of mothers had
negative blood group, since their babies had positive Rh,
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but hemolytic jaundice is occurred in 38 percent of
cases.

Time of jaundice appearance was reported
significantly earlier in hemolytic group. Jaundice
appeared earlier in Rh isoimmunization, followed by
minor blood group, ABO incompatibility and G6PD
deficiency, respectively. According to higher level of
serum bilirubin in Rh disease, earlier detection of jaundice
is more possible. Inadequate screening for G6PD enzyme
in our country may explain late determination of this
group. Additionally, lack of follow up among newborns
without Rh or ABO incompatibility may lead to
underestimation of G6PD deficient cases. By screening
all newborns for G6PD enzyme, we can detect the G6PD
deficient cases, early enough to prevent its complications.
Although, hyperbilirubinemia related to G6PD deficiency
is known clearly but the exact mechanism of jaundice
physiopathology is still unknown [10]. Hyperbilirubinemia
among this group may be caused by insufficient hepatic
conjugation and bilirubin secretion rather than an increase
production of bilirubin due to hemolysis [11, 12]. Among
Mediterranean ethnicity, the combination of glucose-6-
phosphate dehydrogenase (G6PD) deficiency and
genetic factors like Gilbert disease produces severe
hyperbilirubinemia in the absence of hemolysis and
anemia [13], which is consistent with our results.

Serum bilirubin was significantly higher in
hemolytic jaundice group, in comparison with idiopathic
group. This study reported significant jaundice and
anemia through infants with positive direct coombs test.
Same results were published by Risembery et al [14].

The most common pathologic cause of blood
incompatibility between mother and fetus is Rh
isoimmunization. Despite ABO incompatibility is
estimated among 20-25 percent of pregnancies,
hemolytic disease is occurred only in 10 percent of these
newborns. The reason for the milder nature of ABO
hemolytic anemia may be one or more of the following:
(1) the presence, in infants with A or B blood groups, of
the antigen in all tissues in the body, effectively diluting
and neutralizing transferred maternal antibody, (2)
neutralization of maternal antibody by placental A and B
antigen prior to its entry into fetal circulation, and (3) the
relatively weak nature of A or B antibody, resulting in less
intense hemolysis [15, 16].

Clinical jaundice appears earlier in hemolytic
hyperbilirubinemia, shows the more severity of disease
and longer hospitalization period.  Boskabadi et al.
reported infants with hyperbilirubinemia due to G6PD

deficiency, were almost visited in fifth day of life, which
is consistent with our study [17].

Kernicterus is a serious complication of
hyperbilirubinemia and may progress to neurologic
impairment or death [6]. The present study determined
the prevalence rate of kernicterus was 1.5 percent
among jaundice newborns. This value may be
underestimated due to misdiagnosing mild cases of
kernicterus and inappropriate follow up. Our study was
carried out only on term infants; therefore with addition
of preterm jaundice infants, the incidence of kernicterus
would be increased. Higher incidence rate of kernicterus
in our report, comparing with worldwide incidence,
indicates that, jaundice prevention system in our country
is inefficient and needs close attention and consideration
of health care providers and insiders.

The incidence rate of acute encephalopathy is
estimated 1 out of 10000 neonates [18].

We found that, 62 percent of infants with
kernicterus were related to Rh and ABO incompatibility,
but idiopathic hyperbilirubinemia is the main cause of
kernicterus in the world as kernicterus induced by
hemolytic disease is significantly decreased.

This study showed that 14 percent of newborns
with kernicterus had G6PD deficiency, although it is
reported 21 percent in the USA, which is explained by
decreased rate of Rh and ABO induced
hyperbilirubinemia and appropriate prevention programs
[19].

Evaluation of jaundice by clinical manifestations
alone, without performing coombs test, may increase
kernicterus, because parents have not been trained
about early follow up and prevention program [4, 17, 20,
21] .

In our hospital, evaluation of newborns blood
group due to maternal O blood typing was not desirable
and in addition, inappropriate outpatient follow up, both
were resulted to increase ABO induced
hyperbilirubinemia and  performed approximately half of
kernicterus cases.

In several countries, for a better management of
jaundice and its complications, the screening system,
diagnosing method, treatment and follow up program
are always renewing [21].

In summary, jaundice due to hemolysis is
associated with higher serum bilirubin and more
complications like kernicterus. ABO incompatibility was
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the most common reason of hemolytic jaundice among
neonates in north east of Iran. Evaluation of maternal
and neonatal blood group and Rh, measuring G6PD
enzyme in all newborns is strongly advised; therefore
reevaluating coombs test and hematocrit in newborns
with Rh or blood group incompatibility may decrease
severe jaundice and related complications.
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