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Abstract:

BACKGROUND: Exchange transfusion due to hyperbilirubinemia is performed in neonates with signs
of encephalopathy or if the level of bilirubin is more than the exchange threshold and not responding
to intensive phototherapy. Bilirubin passage through the blood—brain barrier can cause injury to
different sites of the brain and may have long-life effects. In this study, we aimed to evaluate the
neonates who underwent exchange transfusion and investigated their developmental problems. By
recognizing their developmental delay, we can recommend screening time and early occupational
therapy if needed.

METHODS AND MATERIAL: This is a retrospective study on neonates who underwent exchange
transfusion due to hyperbilirubinemia in Namazi and Hafez hospitals, in Shiraz, Iran, between 2016
and 2021. The exclusion criteria were the unwillingness of the parents to participate in the study or
incomplete data. Children who died were also excluded from the study. Demographic and clinical
data were obtained from hospital records. Children were invited to the clinic for examination, and
development was assessed by Ages and Stages Questionnaires (ASQ). All neonates had done
auditory brainstem response. The result was obtained. Quantitative data are reported as mean
standard deviation (SD) and qualitative data with frequency and percentage. Spearman’s correlation
coefficient and Chi-square test were used, and the P value was significant below 0.05.

RESULTS: Eighty-seven neonates were enrolled. Forty-nine (56.3%) were female, and 38 (43.7%)
were male. Glucose-6-phosphate dehydrogenase(G6PD) deficiency was the most prevalent
hematologic cause of hyperbilirubinemia (23%). Auditory disorder, speech disorder, motor disorder,
and encephalopathy were seen in four (4.6%), two (2.3%), three (3.4%), and four infants (4.6%),
respectively.

CONCLUSION: Bilirubin neurotoxicity can cause developmental impairment including auditory,
speech, and motor disorders besides encephalopathy. Early recognition and proper early intervention
can lead to better outcomes for the child, family, and society.
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than the ability of neuroprotective
defenses.!'l Neuroinflammation—release

Introduction

Bilirubin neurotoxicity is a major
concern in the neonatology field as
hyperbilirubinemia is the most common
problem during infancy. It occurs when
the total bilirubin level reaches more
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of inflammatory mediators and immune
response—plays a role in brain injury and
the neurodevelopment of neonates with
severe hyperbilirubinemia.??! Bilirubin
injury mostly affects the basal ganglia,
brain stem, hippocampus, and cerebellum.?!
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Chronic bilirubin encephalopathy is mainly known as
kernicterus and is characterized by motor and auditory
disabilities. Subtle mental effects, attention deficit
disorder, and autism can also occur in bilirubin
neurotoxicity.*¢! Exchange transfusion, an invasive
procedure, is the treatment of choice to prevent bilirubin
neurotoxicity by rapid elimination of bilirubin.” We
should assess the potential risk and errors related to this
procedure to reduce the complications and achieve a safe
healthcare system.®! Despite protective strategies and
treatment guidelines for hyperbilirubinemia, bilirubin
neurotoxicity is seen. It can affect the long life of the
individual, family, and society. Thus, it is important
to recognize epidemiology. According to a review
by Riordan et al.”! kernicterus is now understood to
be a spectrum of severity and phenotypes known as
kernicterus spectrum disorder, and genetic factors may
contribute to the susceptibility to bilirubin neurotoxicity.
In some developing countries, the incidence of severe
neonatal jaundice and kernicterus is much higher than
in developed regions, due to various medical and
environmental factors.[*1011!

Itis important to recognize developmental delay because
it can interfere with children’s learning, growth, and
well-being. Early intervention services can help children
to catch up with their peers and reach their full potential.
In this study, we aimed to evaluate the development and
hearing of patients who underwent exchange transfusion
during infancy.

Materials and Methods

Study design and setting

This retrospective cross-sectional study was conducted
on neonates admitted to the neonatal intensive care units
in Namazi and Hafez hospitals, Shiraz, Iran, between
2016 and 2021, who underwent exchange transfusion
for severe hyperbilirubinemia.

Study participants and sampling

The inclusion criteria encompassed neonates with
bilirubin encephalopathy or bilirubin levels exceeding
the threshold for exchange transfusion in accordance
with the guideline adopted by the American Academy of
Pedjiatrics.!'” The exclusion criteria were the disinclination
of parents to assist the study or incomplete data, the
presence of asphyxia (Apgar score <7 in 5 min, cord
blood gas potential of hydrogen (PH) <7, or base
excess (BE) <-12), and major systemic or congenital
diseases such as congenital heart disease. Children who
died were also excluded from the study.

Data collection tool and technique
Demographic and clinical data including age, sex,
family history, gestational age (GA), type of delivery,
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birth weight (BW), maternal age, feeding, status of
bilirubin, etiology of hyperbilirubinemia, and signs
and symptoms on admission were obtained from
their medical records. Children who had undergone
exchange transfusion were invited to a clinic through
a call to action, where they underwent an examination.
Parents were interviewed regarding the child’s medical
history and treatment progress, and subsequently,
the children were assessed using an age-appropriate
questionnaire, Ages and Stages Questionnaires (ASQ), to
evaluate their developmental status. This questionnaire
covers developmental assessment from two months
to 60 months of age. It includes communication, gross
motor, fine motor, problem-solving, and personal social
based on age. Each domain consists of six items that
parents rate as yes (10 points), sometimes (5 points),
or not yet (0 points). The total score for each domain
ranges from 0 to 60. The total scores are compared
to the cutoff scores to determine whether the child’s
development is on track, needs monitoring, or requires
further evaluation.® ASQ demonstrates good reliability
and validity. The questionnaire shows high internal
consistency with a reliability coefficient (alpha) of 0.97.
The correlation coefficients between the latent variables
are significant, indicating moderate to large association.
The intraclass correlation coefficient between the two
ASQ administrations is 0.94, indicating good reliability.
In terms of validity, the ASQ scores are significantly
correlated with the intended constructs, suggesting that
the questionnaire effectively measures developmental
milestones. The Kaiser-Meyer—Olkin measure supports
the validity of the ASQ. Overall, these findings affirm
the reliability and validity of the ASQ for assessing
developmental outcomes in children. The reliability
and validity of the Persian questionnaire are confirmed
in Iran.!!

After the parents filled out the questionnaire, a
pediatric neurologist examined the neonates suspected
of neurologic developmental delay. The results were
divided using a 5-point scale: 1. a completely normal
condition, 2. normal or suspicious results, 3. abnormal
results with mild disability, 4. abnormal results with
moderate disability, and 5. abnormal results with severe
disability. The neurologist visited suspicious or abnormal
patients and also patients who were under speech
therapy or any occupational therapy. Considering the
importance of respecting patients’ rights,!*! all stages
of history taking, examination, and evaluation for each
patient were done with respect for privacy.

All participants had done auditory brainstem
response (ABR) in infancy after discharge from the
hospital. All of them had been advised for hearing
screening and ABR after discharge from the hospital, and
they had done it at most on 3 months old. The results
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were also obtained from parents. All data were analyzed
using statistical package for the social sciences (SPSS)
ver. 21. Descriptive results are presented as standard
deviations of the average with confidence limits or a 95%
ratio, and qualitative data are presented as percentages.
The Kolmogorov-Smirnov test was used to check the
normal distribution of quantitative data. We also used
Spearman’s correlation coefficient and Chi-square test.
In conducted tests, the significance level was below 0.05.

Ethical consideration

All methods were performed in accordance with the
relevant guidelines and regulations. Informed consent
was obtained from parents. This article is extracted
from the residency thesis by Leila Ostovar at Shiraz
University of Medical Sciences. The Medical Ethics
Committee approved the study protocol of Shiraz
University of Medical Sciences (Ethics Code: IR.SUMS.
MED.REC.1401.111).

Results

In this retrospective study, a total of 87 neonates were
enrolled. Among them, 78 (89.7%) neonates were term,
and nine (10.3%) were preterm. Of all neonates, 49 (56.3%)
were female and 38 (43.7%) were male. The majority of
births occurred through vaginal delivery (72.4%), while
27.6% were delivered via cesarean section. Maternal
age ranged from 19 to 37 years with a mean age of
27.78 + 4.58 years. The neonates” weights ranged from
1600 grams to 4000 grams, with a mean weight of
2959.60 + 495.59. The maximum total bilirubin level
observed was 55 mg/dl, while the minimum was
12 mg/dl with a mean of 27.18 + 7.04.

The frequency of G6PD deficiency, ABO incompatibility,
Rhesus (Rh) isoimmunization, and sepsis among
the neonates was 23%, 16.1%, 9.2%, and 8%,
respectively [Figure 1].

The association of auditory disorder, speech disorder,
motor disorder, and encephalopathy with bilirubin
level, type of delivery, birth weight, and GA is shown
in Table 1.

The auditory disorders were observed in four (4.6%)
participants, with two being term infants and two being
preterm infants. There was a statistically significant
association between auditory disorders and GA and total
bilirubin levels (P value 0.008 and 0.027, respectively).
Two infants were diagnosed with speech disorders, with
one being term and the other being preterm. However,
there was no statistically significant association between
speech disorders and GA (P value 0.062). Motor disorders
were identified in three (3.4%) infants, with two being
term and one being preterm.

Journal of Education and Health Promotion | Volume 13 | June 2024

Figure 1: Etiologies of hyperbilirubinemia

Table 1: Association between GA, BW, type of
delivery and bilirubin level, and outcomes of
neonates who underwent exchange transfusion

Outcome Frequency Bilirubin Typeof BWT GAM
(%) level™ delivery™

Auditory disorder 4 (4.6%) 0.027* 0.206  0.444 0.008*

Speech disorder 2 (2.3%) 0.038* 0.377 0.955 0.062

Motor disorder 3 (3.4%) 0.686 0.277 0.881 0.183

Encephalopathy 4 (4.6%) 0.526 0.206  0.920 0.324

*P is significant below 0.05. "Assessed by Spearman’s correlation coefficient.
TMAssessed by the Chi-square test

Encephalopathy was observed in four (4.6%) neonates
with three being term infants and one being preterm.
However, there was no statistically significant
association between encephalopathy and GA, BW, type
of delivery, or total bilirubin status. Among the neonates
born via vaginal delivery (n = 63), four developed
encephalopathy, four had auditory disorders, two had
speech disorders, and three had motor disorders as a
result of severe hyperbilirubinemia. None of the neonates
born via cesarean section developed any disability or
encephalopathy. Nevertheless, there was no statistically
significant association between the type of delivery and
the consequences of hyperbilirubinemia (P value > 0.05).
Similarly, there was no statistically significant association
between birth weight and hyperbilirubinemia-induced
neurologic disorders.

Discussion

Hyperbilirubinemia is a common clinical condition in
the neonatal period.l"”! Although it seems benign, it has
severe manifestations and sequelae such as bilirubin
neurotoxicity. In our study, we aimed to investigate the
developmental outcomes of neonates who underwent
exchange transfusion due to severe hyperbilirubinemia.
Comparing our findings with previous studies, we
observed similar trends in the incidence of developmental
disabilities. Arpit et al.'8l reported that 25.7% of
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their cohort (n = 35) had developmental disabilities
at 6 months old, and at 12 months old, 12.5% of the
remaining neonates exhibited developmental delay.
Similarly, Gharehbeigi et al." found that of 90 neonates
with severe hyperbilirubinemia, 11 (12.2%) had low
scores in their developmental evaluation. Zhang
et al ™ in a larger cohort of 462 neonates who underwent
exchange transfusion reported a poor outcome in 13.9%
of cases. In our study, we found that 13 (14.9%) of
neonates had developmental disabilities. These findings
support the importance of monitoring and assessing
the developmental outcomes of neonates with severe
hyperbilirubinemia.

Rh incompatibility, ABO incompatibility,
and G6PD are hematologic etiologies of
hyperbilirubinemia.!’”! In a systematic review by
Boskabadi et al.,*"! ABO incompatibility was the most
common etiology of hyperbilirubinemia. Babaei et al.l!
reported ABO incompatibility as the most common
hematologic etiology of severe hyperbilirubinemia in
neonates who underwent exchange transfusion. In our
previous study on 1134 neonates with hyperbilirubinemia,
G6PD was the most prevalent deficiency.*’! In this study,
among neonates with severe hyperbilirubinemia and
exchange transfusion, G6PD, with a prevalence of 23%,
was the most frequent deficiency. The prevalence of
G6PD deficiency is 5.5% in Iran,* and G6PD screening is
done in the neonatal period. G6PD deficiency plays arole
in neurotoxicity by hemolysis and increasing bilirubin.
The buffering capacity against bilirubin-induced reactive
oxygen species is also reduced.”*! Kuzniewicz MW
et al.”’) reported G6PD deficiency as a leading cause of
severe hazardous hyperbilirubinemia among neonates
with identified etiology.

In the present study, we observed an auditory disorder
in 4.6% of neonates, and there was a statistically
significant association between auditory disorder
and total bilirubin (P value 0.027). The higher levels
of bilirubin were associated with an increased risk of
hearing impairment. Elevated bilirubin levels can lead
to auditory dysfunction and permanent damage to
the auditory system. Studies have shown that the risk
of abnormal ABR is higher when the total bilirubin
level exceeds 20 mg/dl compared with levels below
20 mg/dL™! In a study by ElTatawy et al.,¥l a positive
and significant association was found between the
total bilirubin levels and abnormal ABR results. The
reported rates of auditory neuropathy spectrum
disorder among neonates who underwent exchange
transfusion in other studies were 11.57%,*1 15%,1*" and
12.39%.*1 The exact mechanism of auditory impairment
in hyperbilirubinemia is not well known; the possible
causes are the destruction of the specific calcium buffer
system in the auditory nuclei by bilirubin and the
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destruction of calmodulin-dependent kinase 2 function
by bilirubin, which is an essential enzyme for neuronal
function.!

In this study, among 87 neonates, we found that
two individuals (2.3%) exhibited speech disorders
during the follow-up period. We did not observe
a significant association between the presence of
speech disorders and GA. In contrast to our result,
Maimburg et al.*? demonstrated that term neonates with
hyperbilirubinemia had an increased risk for speech
and language disorders, while preterm ones were not
statistically significant at risk. Auditory and language
disorders can develop in affected children together as
they suffer auditory deprivation in a critical period of
learning a language.® Hokkanen et al.* reported 9%
speech disorder in their 30 years of follow-up of adults
who had neonatal hyperbilirubinemia.

Among all participants, 3.4% exhibited motor disorders,
two were term infants, and one was a preterm infant.
Our findings aligned with the hypothesis that term
infants are more likely to develop motor disorders,
whereas preterm infants are more prone to auditory
disorders. Bilirubin-induced injury to the globus
pallidus, subthalamic nuclei, cerebellum, and brainstem
is known to contribute to the development of movement
disorders.® Kernicterus, a severe manifestation of
bilirubin toxicity, is characterized by dystonia and
choreoathetosis, with the upper extremities more severely
affected.”! Medications that stimulate y-aminobutyric
acid type b (GABA-B) and anticholinergic drugs,®
physiotherapy,””! and massage therapy®! can improve
the motor disorders of these patients.

Bilirubin encephalopathy was observed in 4.6% of the
neonates, predominantly in term infants. Although
we did not find a statistically significant association
between the bilirubin level and the development of
encephalopathy, a study by Ding et al.®” reported a
significant association. In their study of 46 newborns
who underwent exchange transfusion for severe
hyperbilirubinemia, they demonstrated a statistically
significant association between indirect bilirubin levels
and the development of encephalopathy. The results
of a study conducted in Egypt showed an incidence of
12% for acute bilirubin encephalopathy among patients
admitted with hyperbilirubinemia, and just 12.4% of
them had a severe form.!

In this study, we examined the association between GA
and BW with the developmental outcomes of neonates.
We found that auditory disorders had a significant
association with GA. However, we did not find a
significant association between any of the outcomes
and BW.
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The present study has several strengths that contribute to
its scientific value. One of the strengths is the long-term
follow-up of infants, which provides valuable insights
into their developmental outcomes following exchange
transfusion. Another one was the inclusion of a pediatric
neurologist in the assessment of developmental
outcomes. The neurologist employed standardized
neurodevelopmental assessments, which are widely
recognized and accepted in the field, ensuring the
reliability of the findings. Furthermore, the use of an
age-appropriate ASQ questionnaire enabled us to gather
detailed and objective information about the infant’s
developmental milestones and identify any potential
delays or disabilities.

Limitation and recommendation

Some limitations should be acknowledged. Firstly,
our study did not explore other potential contributing
factors to the developmental outcomes, such as specific
medications administered, length of hospital stay, and
concurrent illnesses. These factors could have influenced
the developmental trajectory of neonates and should be
considered in future research. Another limitation is the
relatively small sample size, which may have limited
the generalizability of the findings. To obtain more
robust and representative results, future studies should
aim for larger sample sizes and include a more diverse
population.

In addition, it is essential to determine the optimal
timing for auditory and developmental screening in
future studies. Identifying the most appropriate age
for screening and auditory assessments can contribute
to the early detection and intervention of potential
issues. By establishing specific guidelines for screening
protocols, healthcare professionals can ensure timely and
accurate identification of developmental and auditory
impairments in neonates who underwent exchange
transfusion.

Conclusion

In conclusion, our study highlights the potential
long-term consequences of neonatal hyperbilirubinemia
on individuals, their families, and society as a
whole. The neurotoxicity associated with high
levels of bilirubin can result in developmental and
auditory impairments that can significantly impact
the quality of life. Our study revealed that 14.9%
of neonates who underwent exchange transfusion
exhibited developmental or auditory difficulties.
Further studies are needed to investigate the
prevalence of developmental problems related to
extreme hyperbilirubinemia and its long-term effects.
More research should be conducted to find early
interventions that would reduce these complications.

Journal of Education and Health Promotion | Volume 13 | June 2024

Acknowledgement

The authors would like to thank Shiraz University of
Medical Sciences, Shiraz, Iran, and also the Center for
Development of Clinical Research of Namazi Hospital
and Dr. Nasrin Shokrpour for editorial assistance.

Ethical statement

The Medical Ethics Committee approved the study
protocol of Shiraz University of Medical Sciences (Ethics
Code: IR.SUMS.MED.REC.1401.111).

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References

1. Bhutani VK, Johnson-Hamerman L, editors. The clinical syndrome
of bilirubin-induced neurologic dysfunction. Seminars in Fetal
and Neonatal Medicine. Elsevier; 2015.

2. Zhang F, Chen L, Jiang K. Neuroinflammation in bilirubin
neurotoxicity. ] Integr Neurosci 2023;22:9.

3. Watchko JF, Tiribelli C. Bilirubin-induced neurologic damage—
mechanisms and management approaches. N Engl ] Med
2013;369:2021-30.

4. ElTatawy SS, Elmazzahy EA, El Shennawy AM, Madani HA,
Abou Youssef H, Iskander IF. The spectrum of bilirubin
neurotoxicity in term and near-term babies with
hyperbilirubinemia: Does outcome improve with time? Early
Hum Dev 2020;140:104909.

5. Shapiro SM, editor. Chronic bilirubin encephalopathy: Diagnosis
and outcome. Seminars in Fetal and Neonatal Medicine. Elsevier;
2010.

6. Mamidala MP, Polinedi A, PTV PK, Rajesh N, Vallamkonda OR,
Udani V, et al. Prenatal, perinatal and neonatal risk factors of
Autism Spectrum Disorder: A comprehensive epidemiological
assessment from India. Res Dev Disabil 2013;34:3004-13.

7. Okulu E, Erdeve O, Tuncer O, Ertugrul S, Ozdemir H,
Ciftdemir NA, et al. Exchange transfusion for neonatal
hyperbilirubinemia: A multicenter, prospective study of Turkish
Neonatal Society. Turk Arch Pediatr 2021;56:121-6.

8. Molavi-Taleghani Y, Ebrahimpour H, Sheikhbardsiri H.
A proactive risk assessment through healthcare failure mode and
effect analysis in pediatric surgery department. ] Compr Pediatr
2020;11:e56008.

9. Riordan SM, Shapiro SM. Review of bilirubin neurotoxicity I:
Molecular biology and neuropathology of disease. Pediatr Res
2020;87:327-31.

10. Olusanya BO, Ogunlesi TA, Slusher TM. Why is kernicterus
still a major cause of death and disability in low-income and
middle-income countries? Arch Dis Childhood 2014;99:1117-21.

11. Olusanya B, Osibanjo F, Mabogunje C, Slusher T, Olowe S.
The burden and management of neonatal jaundice in Nigeria:
A scoping review of the literature. Nigeria J Clin Pract
2016;19:1-17.

12.  Hyperbilirubinemia AAoPSo. Management of hyperbilirubinemia
in the newborn infant 35 or more weeks of gestation. Pediatrics
2004;114:297-316.

13. Squires J, Twombly E, Bricker D, Potter L. ASQ-3 User’s Guide.
Vol. 157. Baltimore, MD: Paul H. Brooks Publishing Company,
Inc.; 2009. p. 169.



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Najib, et al.: Exchange transfusion and developmental outcome

Singh A, Squires ], Yeh CJ, Heo KH, Bian H. Validity and reliability
of the developmental assessment screening scale. ] Family Med
Prim Care 2016;5:124-8.

Vameghi R, Sajedi F, Mojembari AK, Habiollahi A, Lornezhad HR,
Delavar B. Cross-cultural adaptation, validation and
standardization of Ages and Stages Questionnaire (ASQ) in
Iranian children. Iran ] Public Health 2013;42:522.
Sheikhbardsiri H, Esamaeili Abdar Z, Sheikhasadi H,
Ayoubi Mahani S, Sarani A. Observance of patients’ rights in
emergency department of educational hospitals in south-east
Iran. Int ] Hum RightsHealthc 2020;13:435-44.

Ullah S, Rahman K, Hedayati M. Hyperbilirubinemia in neonates:
Types, causes, clinical examinations, preventive measures and
treatments: A narrative review article. Iran ] Public Health
2016;45:558.

ArpitK, Singh A, Choudhary S. Neurological outcome of neonates
undergoing exchange transfusion for hyperbilirubinemia: A study
in tertiary care centre in Bihar ORIGINAL RESEARCH. ] Pediatr
Assoc India 2019;8:54.

Gharehbaghi MM, Heidatabady S, Ghasempour M, Alizade M.
Developmental outcome of severe neonatal indirect
hyperbilirubinemia. ] Res Clin Med 2021;9. doi: 10.34172/jrcm.
2021.001.

Zhang R, Kang W, Zhang X, Shi L, Li R, Zhao Y, ef al. Outcome
analysis of severe hyperbilirubinemia in neonates undergoing
exchange transfusion. Neuropediatrics 2022;53:257-64.
Boskabadi H, Rakhshanizadeh F, Moradi A, Zakerihamidi M. Risk
factors and causes of neonatal hyperbilirubinemia: A systematic
review study. ] Pediatr Rev 2020;8:211-22.

Babaei H, Parham S, Mohammadi Pirkashani L. Risk factors of
severe hyperbilirubinemia in neonates undergoing exchange
transfusion in Imam Reza Hospital Kermanshah-Iran, during
2012 to 2016. Int ] Pediatr 2018;6:8061-72.

Najib KS, Saki F, Hemmati F, Inaloo S. Incidence, risk factors
and causes of severe neonatal hyperbilirubinemia in the South
of iran (fars province). Iran Red Crescent Med ] 2013;15:260.
Zahed Pasha Y, Zamani V, Zahed Pasha E, Zamani M.
Glucose-6-phosphate dehydrogenase enzyme deficiency in
Iranian newborns: A systematic review and meta-analysis.
Caspian ] Pediatr 2020;6:376-86.

Kaplan M, Hammerman C, editors. Glucose-6-phosphate
dehydrogenase deficiency: A hidden risk for kernicterus.
Seminars in Perinatology. Elsevier; 2004.

Cossio de Gurrola G, Aratz JJ, Duran E, Aguilar-Medina M,
Ramos-Payan R, Garcia-Magallanes N, et al. Kernicterus by
glucose-6-phosphate dehydrogenase deficiency: A case report
and review of the literature. ] Med Case Rep 2008;2:146.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Kuzniewicz MW, Wickremasinghe AC, Wu YW, McCulloch CE,
Walsh EM, Wi S, et al. Incidence, etiology, and outcomes
of hazardous hyperbilirubinemia in newborns. Pediatrics
2014;134:504-9.

Akinpelu OV, Waissbluth S, Daniel SJ. Auditory risk of
hyperbilirubinemia in term newborns: A systematic review. Int
] Pediatr Otorhinolaryngol 2013;77:898-905.

Xu], Weng M, Li N, Gao L, Yao H, Su S. Relationship research
between auditory neuropathy spectrum disorder and exchange
transfusion in neonates with severe hyperbilirubinemia. Int J
Pediatr Otorhinolaryngol 2019;123:146-50.

Martinez-Cruz CF, Garcia Alonso-Themann P, Poblano A,
Cedillo-Rodriguez IA. Hearing and neurological impairment
in children with history of exchange transfusion for neonatal
hyperbilirubinemia. Int ] Pediatr 2014;2014:605828.

Shapiro SM, Riordan SM. Review of bilirubin neurotoxicity II:
Preventing and treating acute bilirubin encephalopathy and
kernicterus spectrum disorders. Pediatr Res 2020;87:332-7.
Maimburg RD, Bech BH, Vaeth M, Meller-Madsen B, Olsen J.
Neonatal jaundice, autism, and other disorders of psychological
development. Pediatrics 2010;126:872-8.

Olds C, Oghalai JS, editors. Audiologic Impairment Associated
with Bilirubin-induced Neurologic Damage. Seminars in Fetal
and Neonatal Medicine. Elsevier; 2015.

Hokkanen L, Launes ], Michelsson K. Adult neurobehavioral
outcome of hyperbilirubinemia in full term neonates—A 30 year
prospective follow-up study. Peer] 2014;2:e294.

Rose J, Vassar R, editors. Movement Disorders Due to Bilirubin
Toxicity. Seminars in Fetal and Neonatal Medicine. Elsevier; 2015.
Karimzadeh P, Fallahi M, Kazemian M, Taslimi Taleghani N,
Nouripour S, Radfar M. Bilirubin induced encephalopathy. Iran
J Child Neurol 2020;14:7-19.

Okoth K, McKnight D, Luseno B. Cerebral palsy due to
kernicterus-can we do more for our patients? East Afri Med |
2018;95:2043-6.

Baniasadi H, Hosseini SS, Abdollahyar A, Sheikhbardsiri H.
Effect of massage on behavioural responses of preterm infants
in an educational hospital in Iran. ] Reprod Infant Psychol
2019;37:302-10.

Ding Y, Wang S, Guo R, Zhang A, Zhu Y. High levels
of unbound bilirubin are associated with acute bilirubin
encephalopathy in post-exchange transfusion neonates. Ital |
Pediatr 2021;47:187.

Helal NF, Ghany E, Abuelhamd WA, Alradem AYA.
Characteristics and outcome of newborn admitted with acute
bilirubin encephalopathy to a tertiary neonatal intensive care
unit. World ] Pediatr 2019;15:42-8.

Journal of Education and Health Promotion | Volume 13 | June 2024



