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Introduction

Jaundice is one of the most common problems in 

the neonatal period. At least two-thirds of newborns 

have jaundice in the first week of life, and some may 

progress to jaundice, serious and progressive acute bilirubin 
encephalopathy or kernicterus causing serious mortality in 
the newborn (1,2). Although the term Kernicterus refers to 
the coloration of the brain stem nucleus with bilirubin in 
yellow; it is used to describe the state of chronic bilirubin 
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toxicity including atypical movements, hearing loss, upward 
gaze paralysis, and mental retardation (3). Bilirubin toxicity 
shows a wide spectrum in children ranging from mild 
and imprecise disorders to acute bilirubin encephalopathy 
and post-icteric auditory and neuromotor sequelae (4,5). 
Thanks to advances in neonatal care, despite the reduction 
in the incidence of neurological and developmental 
disorders induced by bilirubin and kernicterus, severe 
hyperbilirubinemia-related problems still occur. Long-term 
neurological and developmental disorders such as cerebral 
palsy, sensorineural hearing loss, intellectual impairment, 
or growth retardation may be encountered in living infants 
(6,7). The classical definition of cerebral palsy is a group of 
permanent disorders of the development of movement and 
posture, causing activity limitation, that is attributed to 
nonprogressive disturbances that occurred in the developing 
fetal or infant brain (8).

Our aim in this study is to determine the causes of 
hemolytic and nonhemolytic indirect hyperbilirubinemia 
in patients admitted to our hospital with indirect bilirubin 
level ≥25 mg/dL; to investigate the relationship between 
different etiological factors and treatment modalities and 
neurological and developmental disorders.

Materials and Methods
This study started with a file system scan of 36 patients 

hospitalized due to indirect bilirubinemia over 25 mg/dL in our 
Neonatal Intensive Care Unit between June 2013 and January 
2015. The gestational weeks (GW) of the patients, their 
birth weight, admission time, hemogram and biochemical 
levels, blood groups, ABO and RhD and Subgroup status, 
direct coombs tests, peripheral blood smear, reticulocyte, 
thyroid function tests (TFT) and glucose-6-phosphate 
dehydrogenase (G6PD) levels, bilirubin/albumin ratio and 
treatment modalities were recorded.

Patients were divided into two groups as hemolytic 
hyperbilirubinemia (n=22) and nonhemolytic 
hyperbilirubinemia (n=14) according to the status of 
Rh incompatibility, ABO incompatibility, subgroup 
incompatibility, and G6PD enzyme deficiency and the results 
were compared with each other.

The presence of ABO, Rh or Subgroup incompatibility 
and G6PD deficiency and one or more signs of concomitant 
peripheral smear hemolysis or direct coombs test positivity 
or >1% of corrected reticulocyte or a decrease in hematocrit 
level were considered as the presence of hemolysis.

After admission to hospital, complete blood tests 
were made and intensive phototherapy was applied for 4 

hours while blood providence was being awaited. During 
the presence of proven hemolytic hyperbilirubinemia, the 
patients received intravenous immunoglobulin (IVIG) 1 g/
kg for 2 hours. Intensive phototherapy continued when 
the patient’s venous bilirubin level remained below the 
blood exchange transfusion limit according to the bilirubin 
nomograms of the American Academy of Pediatrics (APA) 
and when there was no evidence of neurological examination 
finding, blood exchange transfusion was applied to the 
patients who exceeded the exchange transfusion limit on 
the same bilirubin nomogram or had physical examination 
findings compatible with acute bilirubin encephalopathy 
such as fever, lethargy, hypo/hypertonia or high-pitched 
crying. Follow-up of bilirubin level at the 2nd hour, 4th hour, 6th 
hour continued after exchange transfusion (9). All patients 
were contacted via their registered phone numbers whilst in 
the age range 18-24 months to invite them to our hospital to 
perform “Bayley Scales of Infant Developmental Assessment 
scale II” (BSID). Family consent was obtained by the same 
developmental pediatrician. The mental development index 
(MDI) and psychomotor development index (PDI) values 
of the patients were determined, any children who could 
not complete the development test were given 49 points 
(10,11). Neurodevelopmental impairment (NDI) was defined 
as the presence of any one of the following: (1) moderate-
to-severe cerebral palsy (CP; hypotonic, spastic diplegia, 
hemiplegia, or quadriplegia) with functional deficits that 
required rehabilitative services, or (2) bilateral hearing loss 
(requiring amplification) and/or blindness in either eye or (3) 
MDI or PDI scores <70 (10,11).

This study was approved by the local ethics committee 
of Behcet Uz Children’s Hospital, and informed consent was 
obtained from the parents before enrolment (2016/70).

Statistical Analysis

For statistical analysis, “SPSS software version 17.0” 
was used. While “descriptive statistics” were used for 
demographic data, “Mann-Whitney U test” was used to 
compare numerical variables between groups, and “Fischer 
Exact test” was used to compare inter-group ratios. The 
value of p<0.05 was considered statistically significant.

Results
File data of 22 patients (61.1%) with hemolytic 

hyperbilirubinemia and 14 patients (38.9%) with 
nonhemolytic hyperbilirubinemia were evaluated. There was 
no difference between the two groups in terms of gender, 
birth weight, GW, birth style (Normal vaginal delivery/
Cesarean section) or the first day of jaundice (Table I). 
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When patients with hemolytic indirect hyperbilirubinemia 
were examined, ABO incompatibility was found in 10 (45%) 
of 22 patients, subgroup incompatibility in 9 (41.5%) of 
them, Rh incompatibility, ABO incompatibility and G6PD 
association in 1 (4.5%) of them, Rh incompatibility and 
subgroup incompatibility association in 1 (4.5%) of them 
and ABO incompatibility and subgroup incompatibility 
association in 1 (4.5%) of them. There were 14 patients in 
the nonhemolytic group and urinary tract infection in 2 of 
them and breastfeeding jaundice and dehydration in 12 of 
them were noted.

The laboratory values of the two groups were compared 
and while there was no difference between total serum 
bilirubin (TSB), sodium, albumin and bilirubin/albumin ratio 
at diagnosis, it was found that hemoglobin and hematocrit 
levels were significantly lower in the hemolysis group 
(p=0.045, p=0.048 respectively).

When the treatments of patients with hemolytic and 
nonhemolytic hyperbilirubinemia were compared, there was 
no difference between the periods of receiving phototherapy 
and the length of hospitalization. In the group of hemolytic 
hyperbilirubinemia, IVIG and intravenous fluid intake were 

found to be significantly different (p=0.003, p=0.015 
respectively). It was determined that 4 (11.1%) patients who 
were in the hemolytic hyperbilirubinemia group were given 
blood exchange transfusion and all of them had subgroup 
incompatibility. 

In the evaluation of the patients via Bayley scales of 
Infant Developmental Assessment scale II, there was found 
to be bilateral deafness in 2 (6.66%) of them, cerebral 
palsy in 1 (3.33%) of them, neurological and developmental 
disorders in 5 (16.6%) of them, and there was no statistically 
significant difference between the groups in terms of these 
findings and the measured mean MDI and PDI scores (Table 
II). Only one patient with cerebral palsy could not perform 
the Bayley scale II and she was given 49 points. When 
subgroup analysis was performed between the groups of 
hemolytic hyperbilirubinemia, it was seen that the mean PDI 
scores were significantly lower (p=0.04) (Table III).

Discussion
Indirect hyperbilirubinemia and jaundice are common 

clinical cases in the neonatal period. With effective 
phototherapy techniques, acute and chronic bilirubin 

Table I. Demographic characteristics of patients

Patients Non hemolytic group (n=14) Hemolytic group (n=22) p

Gender
Male, n (%)
Female, n (%)

7 (50%)
7 (50%)

11 (50%)
11 (50%)

1

Birth weight, grams, Mean (± SD) 3.171±739 3.080±335 0.67

Weight at diagnosis, gr, Mean (± SD) 2.905±678 2.830±401 0.67

Gestational week, week, Mean (± SD) 38±1 38.1±1.56 0.81

Delivery type 
NVD, n (%)
C&S, n (%)

8 (57.1%) 
6 (42.8%)

13 (59%)
9 (40.9%)

0.9

Maternal age, years, Mean (± SD) 25.1±5 27.8±5.6 0.15

Brother or sister with jaundice, n (%) 0 (0%) 8 (36.3%) 0.013

Dehydration presence, n (%) 12 (85.7%) 20 (90.9%) 0.63

Hypernatremia, n (%) 4 (28.5%) 6 0.93

Urinary tract infection, n (%) 2 (14.2%) 0 (0%) 1

The first day of jaundice, day, Mean (± SD) 3.5±1.8 3±1.6 0.44

Bilirubin/Albumin Ratio, n (%) 3 (21.4%) 9 (40.9%) 0.22

Maximum TSB*, mg/dL, Mean (± SD) 27.2±2.42 28.7±4.4 0.32

Intravenous fluid requirement, n (%) 1 (7.1%) 15 (68.1%) 0.015

Treatment, n (%)
Phototherapy
Phototherapy + Exchange transfusion

14(100%)
0

18 (81.8%)
4 (18.1%) 0.14

*TSB: Total serum bilirubin, SD: Standard deviation, n: Number, NVD: Nausea, vomiting and diarrhea
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encephalopathy has decreased compared to previous 
years. However, because it causes permanent and 
irreversible neurological damage, early diagnosis, accurate 
identification of etiological factors and rapid treatment are 
very important. When the etiologies of 36 patients with 
severe indirect hyperbilirubinemia were examined during our 
study, hemolytic causes were found in 61.1% of them and as 
expected, these patients had lower hemoglobin values and 
higher levels of intravenous fluid and IVIG treatment. While 
exchange transfusion was not performed in the patient group 
without hemolysis, it is notable that all 4 patients who were 
given exchange transfusion had subgroup incompatibility. 
In a study conducted by Chen et al. (12), 128 newborns 
admitted for hyperbilirubinemia were divided into 2 groups, 
namely hemolytic (n=29) and nonhemolytic (n=99) and 
they found that the blood exchange rate was higher in the 
hemolytic group (13.8%). However, in this study, patients 
in the hemolytic group, Rh, ABO incompatibility and G6PD 
deficiency were included, while subgroup incompatibility 
was not observed. In another study conducted by Behjati et 
al. (13), similarly, ABO incompatibility was found to be the  

most important cause of exchange transfusion in neonatal 
jaundice. In the study conducted by Annagür et al. (14), 
when the etiologies of 82 babies who were admitted to a 
Neonatal Unit due to neonatal jaundice and who received 
an exchange transfusion were examined, the most common 
causes of exchange transfusion were reported to be ABO 
incompatibility (31%) and Rh incompatibility and subgroup 
incompatibility (17%). In another study carried out in our 
clinic in 2009, in the etiological examination of 107 patients, 
ABO incompatibility was found in 56 (24.3%) patients, Rh 
incompatibility in 29 (12.6%) patients, urinary tract infection 
in 14 (6%) patients and subgroup incompatibility in 7 (3%) 
patients (15). We think that, conversely, in our study, the 
reason for the occurrence of subgroup incompatibility in all 
of those patients who underwent an exchange transfusion 
was the investigation of subgroup disagreement in all 
patients with a high bilirubin level and that the number of 
patients who received an exchange transfusion was low. 
This result, however, is still important as it indicates that 
subgroups should be examined to clarify the etiology in 
the case of major blood group incompatibility or G6PD 
deficiency in patients with severe hyperbilirubinemia.

According to the effects of a neurodevelopmental 
evoliation of 36 patients by severe indirect hyperbilirubinemia, 
the rates of mean MDI and mean PDI were found to be 
similar in both groups. In the hemolysis group, one patient 
with cerebral palsy and hearing loss and one patient with 
only hearing loss were identified. Although this result did 
not make a statistical difference, when the patient with 
cerebral palsy and sensorineural hearing loss was evaluated 
in detail, it was found that the total bilirubin level was 43.3 
mg/dL, the B/A ratio was 13.1 and there was “E” subgroup 
incompatibility, and it was also seen that he had spent 36 
hours over the value that required phototherapy. In a study 
conducted by Yvonne et al. (16), cerebral palsy development 

Table II. Neurodevelopmental outcomes

Nonhemolytic 
Group
n=14

Hemolytic 
Group
n=22

p

Cerebral palsy, n (%) 0 1 (4.5%) 1

Deafness, n (%) 0 2 (9%) 0.52

Blindness, n (%) 0 0 NS

NDI, n (%) 2 (14.2%) 3 (13.5%) 1

MDI, mean ± SD 91.0±18.3 91.0±16.0 0.98

PDI, mean ± SD 89.1±17.2 93.7±17.5 0.47

MDI: Mental developmental index, PDI: Psychomotor developmental index, 
NDI: Neurodevelopmental impairment, SD: Standard deviation, n: Number, 
NS: Not significant

Table III. Evaluation of neurodevelopmental outcomes between different groups

Total Bilirubin Levels, 
mg/dL,
Mean  (± SD)

p Total Bilirubin 
Levels

MDI, 
Mean,
± SD

p MDI PDI, Mean,
± SD

p PDI

ABO incompatibility 
(+), n=12
(-), n=24

28.9±4.3
26.7±1.9

0.04 91.9±17.9
89.3±14.3

0.34 92.6±18.7
91±18.9 0.62

Rh incompatibility 
(+), n=2
(-), n=34

26.6±1.1
28.2±3.9

0.55 90.6±16.7
96±19.7

0.86 90.6±10.6
92.2±31.2 0.96

Subgroup incompatibility 
(+), n=11 
(-), n=25

31.3±5.1
26.8±1.9

0.016 95.6±19.3
88.7±15.0

0.11 86,4±16.4
99.4±21.0

0.04

MDI: Mental developmental index, PDI: Psychomotor developmental index, SD: Standard deviation, n: Number
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was found in 7 (0.4%) of the 1,833 patients who had an 
exchange transfusion and 86 (0.1%) of the 104,716 patients 
who did not have exchange transfussion. In those patients 
who had exchange transfusion, cerebral palsy induced by 
kernicterus was found in only 3 patients and the incidence 
was found to be 0.57% for live births. It was found that there 
were at least 2 more risk factors for neurotoxicity in the 3 
infants who had exchange transfusion and that these risk 
factors were seen in infants who were premature, who had 
G6PD deficiency and hypoxic-ischemic encephalopathy; and 
consequently, it was reported that cerebral palsy induced 
by kernicterus was seen in infants having a risk factor for 2 
or more neurotoxicity and whose TSB level was above the 
5mg/dL limit, and the risk of cerebral palsy development at 
low TSB levels was minimal.

 The other patient with hearing loss was 35 Gw and 
had ABO incompatibility, their TSB level was 25 mg/
dL, 8mg/dL more than the exchange transfusion limit 
and that they stayed 3 hours longer over the exchange 
transfusion limit, and these were determined as the risk 
factors for sensorineural hearing loss. In a study in which 
Wickremasinghe et al. (17) investigated sensorineural 
hearing loss in patients who had undergone exchange 
transfusion, bilirubin levels which were above 10 mg/dL 
more than exchange transfusion limit were associated with 
sensorineural hearing loss, and a relationship between a 
lower risk of developing sensorineural hearing loss and 
lower TSB levels was found.

The mean PDI values of patients with subgroup 
incompatibility were found to be lower when the mean MDI 
and mean PDI scores of patients with and without subgroup 
incompatibility were evaluated. Neurodevelopmental 
investigations should be made in a large series of patients 
with subgroup incompatibility, and cognitive development 
should be closely monitored in this group of patients with 
excessive hemolysis. The limitation of our study is that the 
number of patients admitted during the study period was 
low.

Conclusion
In conclusion, our study shows that there is no difference 

between the neurodevelopmental outcomes of hemolytic 
and nonhemolytic indirect hyperbilirubinemia. Subgroup 
incompatibility is one of the important risk factors in 
the hemolytic hyperbilirubinemia group, and that the 
subgroup level of patients with high bilirubin levels should 
be examined, and that there are similar results in the 
neurodevelopmental evaluation of the two groups, except 
for  cerebral palsy and deafness, and that mean PDI values 

could be low in subgroup incompatibility. However, for this 
assessment to give better results, it is necessary to conduct 
studies in multi-centered research with a large series of 
patients.
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