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Introduction: The aim of this study is to evaluate the long-term neurodevelopmental outcomes of newborns who had 
exchange transfusion due to hyperbilirubinemia and presented with bilirubin values at the border of exchange transfusion 
and did not need exchange transfusion during the preparation period.
Methods: The study included 18 patients (n=18) who had exchange transfusion due to indirect hyperbilirubinemia (Group 1) 
and 10 patients (n=10) who applied with a bilirubin value at the border of exchange transfusion and decreased bilirubin during 
the preparation period (Group 2). Neurological examination, cranial magnetic resonance imaging (MRI), and auditory brainstem 
response test (BERA) results of the cases were evaluated through cross-sectional analysis. Ankara Developmental Inventory for 
children under the age of six and Wechsler intelligence scale-Revised for children over the age of six were performed.
Results: Sixty-seven percentage (n=12) of the patients in Group 1 were male, mean gestational week was 38.4±1.8 (34–42) 
and mean age was 8.8±2.1 years. 40% (n=4) of the patients in Group 2 were male, mean gestational week was 37.9±1.7 
(36–40) and mean age was 8.2±2.2 years.The mean venous serum total bilirubin level of group 1 was 29.5±8.2 mg/dL and 
Group 2 was 22.8±3.9 mg/dL, which was statistically significant (p=0.024). Neurological examination was abnormal in four 
patients in Group 1 and one patient in Group 2. Two of the cranial MRIs (n=8) in Group 2 were pathological. There was no 
significant difference between the groups in terms of neurological examination, cranial MRI, BERA, and developmental tests.
Discussion and Conclusion: In this study, the fact that there was no neurodevelopmental difference between the cases who 
underwent exchange transfusion or whose bilirubin levels were lowered by phototherapy without the need for exchange 
transfusion, and the cases with neurodevelopmental abnormalities were very few, once again demonstrated the impor-
tance of intervening before bilirubin encephalopathy occurs.
Keywords: Exchange transfusion; hyperbilirubinemia; neurodevelopmental outcomes; newborn.

Jaundice is a common condition in newborns during the 
first week of life and often has a good course. However, 

high bilirubin levels can cause long-term cognitive retarda-
tion, sequelae with auditory and visual abnormalities, and 
kernicterus[1].

The mechanism of neurotoxicity due to hyperbilirubine-
mia has not yet been fully elucidated[2]. Bilirubin inhibits 
mitochondrial functions and oxidative phosphorylation, 
inhibits neurotransmitter synthesis-release-reuptake and 
protein synthesis. As a result, it causes excitoxicity, damage 
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to the cell membrane, decrease the synthesis and replica-
tion of DNA, and ultimately cause neurotoxicity[3,4]. It has 
been shown in studies that bilirubin is neurotoxic by caus-
ing apoptosis in nerve cells[5-7].

BERA test can be used to evaluate acute neurotoxicity of 
bilirubin in the peripheral and central auditory pathway[8]. 
Abnormal MRI findings and clinical findings have been 
found to be associated in hyperbilirubinemia. In the acute 
phase, signal changes are seen in T1-weighted sequences 
in the globus pallidus and subthalamic nuclei, and in T2-
weighted sequences in the subacute and chronic phases[9].

In this study, it was aimed to evaluate and compare the long-
term neurodevelopmental outcomes of babies who had 
high bilirubin levels and had exchange transfusion, and ba-
bies whose bilirubin levels were decreased by phototherapy 
during the preparation process for exchange transfusion.

Materials and Methods 
In this study, 18 (group 1) of 51 patients who underwent 
exchange transfusion with the diagnosis of indirect hyper-
bilirubinemia in the Neonatal Intensive Care Unit of our 
hospital between 1999 and 2012, and 10 (group 2) out of 
55 patients who applied at or above the exchange transfu-
sion limit and whose bilirubin level fell below the exchange 
transfusion limits with phototherapy during the transfu-
sion preparation process, were evaluated. Clinical Research 
Ethics Committee Approval and informed consent from the 
families were obtained. Etiologies of hyperbilirubinemia 
and socio-demographic characteristics of the cases were 
learned retrospectively from hospital records. Maternal and 
infant blood groups, direct Coombs test, complete blood 
count, reticulocyte count, peripheral smear, total serum 
bilirubin (TSB), indirect and direct serum bilirubin levels, and 
glucose-6-phosphate dehydrogenase (G6PD) results were 
evaluated at the admission of the patients to the hospital. 
For the indications of exchange transfusion and photother-
apy, bilirubin levels in the indirect hyperbilirubinemia treat-
ment table of the Turkish Neonatology Society were taken 
as basis. Cases with a history of congenital malformation, 
congenital heart disease, hereditary metabolic and genetic 
disease, sepsis, intrauterine growth retardation, hypoxic-
ischemic encephalopathy, were not included in the study. 
Cross-sectional neurological examinations of the cases, cra-
nial MRI, BERA test, Ankara Developmental Screening Inven-
tory (AGTE) under the age of six and Wechsler Intelligence 
Scale for Children — Revised (WISC-R) developmental tests 
for children over the age of six were performed. Neurolog-
ical examinations were performed by an experienced pe-

diatric neurologist. Cranial MRIs were performed with the 
Philips Acheiva 1.5T MRI machine and were evaluated by 
the same radiologist, unaware of the infants' clinical history. 
Audiological evaluation was performed with the BERA test 
in the Audiology Department of the Otorhinolaryngology 
Department of our hospital. In order to evaluate the effect 
of hyperbilirubinemia on mental and motor functions, AGTE 
developmental tests under the age of six and WISC-R devel-
opmental tests were performed on children above the age 
of six by a clinical psychologist.

This study was supported by the Scientific Research 
Projects Unit (BAP) with the decision numbered 31 on 
14/4/2014 with the project code 04636, and Ethics commit-
tee approval was obtained. It was performed in accordance 
with the Principles of the Declaration of Helsinki.

Statistical Analysis

SPSS 15.0 for Windows program was used for statistical 
analysis. For descriptive statistics; mean, standard devi-
ation, minimum and maximum were given for numerical 
variables, and numbers and percentages were given for 
categorical variables. Comparisons of numerical variables 
in two independent groups were analyzed with Student's 
t test, since the condition of normal distribution was met. 
Conformity of continuous variables to normal distribution 
was tested with the Kolmogorov-Smirnov test. The ratio 
of the categorical variable between the groups was com-
pared with chi square test. Statistical significance level was 
accepted as p<0.05. 

Results
67% of the patients in Group 1 (n=18) included in the study 
were male, with a mean age of 8.8±2.1 (6-14) years. Their 
mean gestational week was 38.4±1.8 (34-42) weeks and 
mean birth weight was 3396±574 (2160-4350) grams. The 
mean age at presentation due to jaundice in Group 1 was 
3.8±2.9 (1-13) days and the mean TSB was 29.5±8.2 (17-51) 
mg/dl (Table 1).

40% of the patients in Group 2 (n=10) were male, their 
mean age was 8.2±2.2 (6-12) years. Their mean gestational 
week was 37.9±1.7 (36-40) weeks and birth weight was 
3110±453 (2450-3720) grams. The mean age at presenta-
tion due to jaundice in Group 2 was 6.7±2.9 (1-11) days and 
the mean TSB was 22.8±3.9 (14-27) mg/dl (Table 1).

In Group 1, 33% of the patients had ABO and 5.5% had Rh 
incompatibility, and 5.5% had G6PD deficiency. ABO in-
compatibility was detected in 10% of the patients in Group 
2 and Rh incompatibility in 20%. The mean admission day 
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in Group 2 was statistically significantly higher than Group 
1 (p=0.023). The mean TSB of Group 1 was statistically sig-
nificantly higher than Group 2 (p=0.024). No statistically 
significant difference was found in the other demographic 
characteristics of the cases in the groups (Table 1).

Neurological examination of the four patients in Group 1 
was abnormal. Dysmetria, lateral gaze palsy, hearing loss 
and hypoactive deep tendon reflexes were detected in one 

case each. Cranial MRI was performed in 14 of 18 patients 
in Group 1 and all were normal. Three children in Group 
1 had abnormal developmental tests (WISC-R). BERA test 
was performed on 9 children in Group 1, the result was 
abnormal in one case and exchange transfusion had been 
performed three times in this case. Cranial MRI and devel-
opmental tests were normal in patients with pathological 
neurological examination in Group 1 (Table 2).

Table 1. Demographic and clinical characteristics of the cases in the groups

  Group 1 (n=18) Group 2 (n=10) p

Sex n (%)
 Female 6 (33) 6 (60) 0.364
 Male 12 (67) 4 (40)
Average age (years)a 8.8±2.1 (6-14) 8.2±2.2 (6-12) 0.470
Gestational week 38.4±1.8 (34-42) 37.9±1.7 (36-40) 0.437
Birth weight (g)a 3396±574 (2160-4350) 3110±453 (2450-3720) 0.187
Type of birth n (%)
 NSVD 15 (83) 6 (60) 0.207
 C/S 3 (17) 4 (40) 
Age at Application (days) a 3.8±2.9 (1-13) 6.7±2.9 (1-11) 0.023
TSB (mg/dl) a 29.5±8.2 (17-51) 22.8±3.9 (14-27) 0.024
ABO Incompatibility n (%) 6 (33) 1 (10) 0.150
Rh Incompatibility n (%) 1 (5.5) 2 (20) 0.248
G6PD deficiency n (%) 1 (5.5) 0 (0.0) 0.453
Unknown n (%) 10 (56) 7 (70) 0.391
Breastfeeding 18 (100) 9 (90) 0.135

aMean±SS (min-max); NSVD: Normal Spontaneous Vaginal Delivery), C/S : Cesarean section.

Table 2. Distribution of patients with abnormal findings in group 1 and group 2

Group 1 (n=18) TSB (mg/dl) Hemolytic Neurological Cranial MRI Developmental Hearing 
   Diseasea examination  test test

Patient 1 23 Absent Abnormal (dysmetria) Normal Normal Normal
Patient 2 29 Absent Abnormal (lateral gaze paralysis) Normal Normal Normal
Patient 3 28 Absent Abnormal (decreased deep Normal Normal Normal 
    tendon reflexes)
Patient 4 29 Absent Abnormal (hearing loss) Normal Normal Abnormal
Patient 5 51 Absent Normal Normal Abnormal (WISC-R) Normal
Patient 6 17 Absent Normal Normal Abnormal (WISC-R) Normal
Patient 7 35 Absent Normal Normal Abnormal (WISC-R) Normal

Group 2 (n=10)

Patient 1 22 Absent Abnormal (nystagmus) Normal Normal Normal
Patient 2 14 ABO incompatibility Normal Abnormal (right frontal Normal Normal 
     lobe signal pathology)
Patient 3 24 Absent Normal Abnormal (signal pathology Normal Normal 
     in the brain stem)

a:Rh, ABO incompatibility, G6PD deficiency.
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Nystagmus was detected in the neurological examination 
of one patient in Group 2. Cranial MRI, developmental and 
hearing tests of this case were normal. Cranial MRI was 
performed in eight of 10 patients in Group 2, and T2 signal 
increase was detected in the right frontal lobe in one pa-
tient and in the brainstem in the second patient, and these 
were reported as abnormal. Neurological examination was 
normal in two cases with abnormal MRI findings (Table 2). 
Eight of the 10 cases in Group 2 underwent a developmen-
tal test, and all were evaluated as normal. BERA test could 
be performed in three patients in Group 2 and all were 
found to be normal (Table 3).

There was no statistically significant difference in the rates 
of neurological examination, pathology in cranial MRI, de-
velopmental test and BERA test abnormality of the groups 
(p=0.626, p=0.121, p=0.529, p=1.000; respectively) (Table 3).

Discussion
Neonatal hyperbilirubinemia is seen at a rate of 50-60% in 
term babies and 80% in preterm babies in the first week of 
their lives. Despite advances in neonatal care, neurotoxicity 
due to hyperbilirubinemia remains a major problem[10].

Babies affected by high bilirubin levels may develop dys-
tonic and athetoid movement disorder, hearing loss, up-
ward gaze paralysis, dental enamel dysplasia, and ataxia 
and hypotonia due to cerebellar involvement in the late 
period[11]. Rose et al.[12] stated that a moderate level of 
bilirubin elevation may affect the developing central ner-
vous system, especially the basal ganglia and cerebel-
lum, and that cerebral lesions can be identified on MRI in 
dyskinetic cerebral palsy due to hyperbilirubinemia. In a 

study investigating the etiology and poor prognosis crite-
ria of high bilirubin levels, abnormal cranial MRI findings 
were detected in only 4 of 15 patients with bilirubin en-
cephalopathy, and it was reported that cranial MRI is indis-
pensable in evaluating the severity and prognosis of hyper-
bilirubinemia, but cranial MRI is not always a good marker 
in demonstrating abnormal clinical findings[13]. In this 
study, findings of cranial nerve involvement and cerebel-
lar involvement were found in four (22%) patients in Group 
1; however, the developmental test and cranial MRI results 
of these patients were normal. Nystagmus was detected in 
the neurological examination of one patient in the second 
group and it was thought to be associated with cerebellar 
involvement. Cranial MRI and developmental test of this 
patient were evaluated as normal. Cranial MRI results of pa-
tients with abnormal neurological findings in both groups 
were found to be normal, and when evaluated with the lit-
erature, it was thought that patients with abnormal neu-
rological examination findings were not always associated 
with MRI results.

In Group 2, in two patients whose bilirubin levels were 
found to be 14 mg/dl and 24 mg/dl on days 1 and 5, re-
spectively, at the time of admission to the hospital, patho-
logical signal changes were detected in the right frontal 
lobe and brain stem, respectively, outside the expected 
localizations in cranial MRI. However, neurological exam-
ination, developmental tests and hearing tests of these 
two patients were normal. There was no statistically sig-
nificant difference between the two groups in terms of 
abnormal neurological examination, developmental test 
and MRI findings.

Table 3. Neurological examination, cranial magnetic resonance imaging, developmental test and auditory brainstem response results in 
group 1 and group 2

   Group 1 (n=18)   Group 2 (n=10)

  n  % n  % p

Neurological examination
 Normal 14  78 9  90 0.626
 Abnormal 4  22 1  10
Cranial MRI
 Normal 14  100 6  75 0.121
 Abnormal 0  0,0 2  25 
Developmental test
 Normal 15  83 8  100 0.529
 Abnormal 3  17 0  0
BERA test
 Normal 8  89 3  100 1.000
 Abnormal 1  11 0  0,0



124 Çolak et al., Long-Term Neurodevelopmental Outcomes of Newborns with High Bilirubin Levels / doi: 10.14744/hnhj.2021.94759

In a study where Heimler et al.[14] compared patients with 
serum bilirubin levels between 20-30 mg/dl with a healthy 
control group, they found no significant difference in terms 
of neurosensory hearing loss and neurological deficit. In 
this study, the mean TSB level was found to be 29.5±8.2 (17-
51) mg/dl in the first group, and the mean venous TSB level 
was 22.8±3.9 (14-27) mg/dl in the second group. Although 
the hearing test was found to be normal and the develop-
mental test abnormal in a patient with a total serum biliru-
bin level of 51 mg/dl, hearing loss was detected in a patient 
with a lower total bilirubin level (29 mg/dl), and no pathol-
ogy was detected in the cranial MRI and developmental 
test of this patient.

Bilirubin is particularly sensitive to the auditory system 
and can lead to abnormal neurological conditions rang-
ing from speech disorders to profound hearing loss[15]. In 
a study evaluating 77 patients with neurological damage 
due to severe hyperbilirubinemia, it was stated that ABR 
test was the best predictor of neurotoxicity due to high 
bilirubin levels[16]. However, bilirubin-related hearing loss 
requires a window period, this is because the sensory path-
way completes myelination before the motor pathway and 
premature babies under 34 weeks are at higher risk for 
hearing loss. On the contrary, motor system disorders seen 
in classical kernicterus are reported to be more common in 
term babies[15]. Similarly, in this study, no pathology was 
found in the BERA test results of patients with abnormal 
neurological examination findings. Wong et al.[8] similarly 
showed that there was no significant relationship between 
BERA and abnormal neurological outcomes, and they also 
stated that the pathology in the auditory brainstem path-
ways may be temporary thanks to early intervention in the 
patients. Although BERA is a method that can be used for 
monitoring neurological complications, they stated that 
it is not an adequate indicator to show neurological out-
comes in the long term[10].

Cognitive dysfunction may develop in some of the cases 
followed up due to hyperbilirubinemia. In a study by Hızel 
et al.[17] in which they evaluated babies with hyperbiliru-
binemia who underwent exchange transfusion, they found 
that the rate of abnormal results in the Denver Develop-
mental Screening Test increased as the serum indirect 
bilirubin level increased. In a study in which 128 cases with 
high bilirubin levels or exchange transfusion were exam-
ined, it was stated that at least one neurobehavioral disor-
der was found in 45% of the cases in the late period, and 
this was considered statistically significant. Conversely, 
in a large prospective study investigating the long-term 
neurotoxicity of severe hyperbilirubinemia, no statistically 

significant difference was found in cognitive scores. They 
stated that no direct relationship was found between hy-
perbilirubinemia and abnormal cognitive functions. They 
stated that cognitive dysfunction may be associated with 
conditions affecting unconjugated bilirubin level or other 
accompanying risk factors. In our study, WISC-R test results 
were found to be abnormal in three of the cases in Group 
1 and all WISC-R tes at results were found to be normal in 
Group 2, and the developmental test results of the two 
groups showed no statistically significant difference. This 
study supports that there is no direct relationship between 
hyperbilirubinemia and cognitive functions, similar to the 
literature[18].

The limitations of this study are that it was a large patient 
group whose etiology of hyperbilirubinemia could not be 
determined, the number of patients that could be reached 
in the groups and the number of cranial MRI and BERA per-
formed were low. Considering these factors, studies are 
needed involving larger patient groups with a long follow-
up period in order to demonstrate neurotoxicity in hyper-
bilirubinemia.

Conclusion
Although many studies have reported that hyperbilirubine-
mia adversely affects neurodevelopmental outcomes, no 
serious long-term neurological sequelae were found in our 
study. This was attributed to the early admission of infants 
to the hospital and the initiation of intensive phototherapy 
from the time of admission, or the appropriate treatment 
of severe hyperbilirubinemia by exchange transfusion.
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