
Introduction 
Neonatal jaundice (NNJ) is a common condition 
affecting 60% of the healthy newborns.1,2 Total serum 
bilirubin (TSB) rises because of imbalance between 
bilirubin production and ability to conjugate and clear 
the bilirubin load which occurs as a result of increased 
red cell metabolism.3-5 Most of the cases are caused by 
physiological jaundice and is usually harmless. Certain 
risk factors are associated with severe neonatal 
hyperbilirubinaemia. These include prematurity, low 
birth weight (LBW), jaundice in the first 24 hours of life, 
mother with blood group O or rhesus (RH) negative, 
Glucose-6-Phosphate dehydrogenase (G6PD) deficiency, 
rapid rise of TSB, high pre-discharge bilirubin level, 
cephalohematomas or bruises, babies of diabetic 
mothers and family history of severe NNJ in siblings.6,7 

High serum bilirubin >425-510μmol/L (25-30 mg/dL) can 
cross the blood-brain barrier and lead to acute or chronic 
bilirubin toxicity.4,8 Acute bilirubin toxicity can progress 
from poor feeding, lethargy, high-pitch cry, hypo- or 
hyper-tonia, ultimately leading to fever, apnoea, seizures 
and death. Chronic toxicity or kernicterus is characterised 
by dyskinetic cerebral palsy (CP), hearing deficits and 
sometimes intellectual deficits.9-12 

Guidelines have been formulated by the American 

Academy of Paediatrics (AAP) and the National Institute 
for Health and Clinical Excellence (NICE) in the United 
Kingdom for the management of neonatal jaundice.13 

Guidelines should be followed for the management of 
these cases as hyperbilirubinaemia can lead to toxicity.6 
Rapid bilirubin reduction can be achieved by using 
intensive phototherapy (IP), exchange transfusion (ET) 
and drugs.4,14 

IP is the choice of management for lowering bilirubin in 2-
4 hours,15,16 while ET can reduce bilirubin in 1-2 hours.17-

21 Phototherapy and ET are the mainstay of treatment for 
NNJ.22,23 Blue light (380-550nm) is the most effective 
treatment. However, certain side effects, like skin rashes, 
vomiting, diarrhoea and temperature irregularities, may 
be seen.24-27 

ET, an invasive procedure, is occasionally indicated for 
NNJ, especially in the presence of bilirubin 
encephalopathy. The procedure may be associated with 
serious complications like apnoea, necrotising 
enterocolitis, and sepsis in up to 5% cases.28-31 

Intravenous immunoglobulins (IVIGs) can be used in 
patients with incompatibility between blood groups A, B, 
O, AB (ABO) and Rh.14 

The current study was conducted to evaluate the efficacy 
of current practices and new modalities, like IP, for the 
management of neonatal indirect hyperbilirubinaemia. 
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Patients and Methods 
The prospective study was conducted at King Khalid 
Hospital, Al-Majmaah, Saudi Arabia, from September 
2015 to September 2018. All the consecutive cases 
presenting during this time period was the sample size 
i.e., 233. Complete enumeration sampling method 
based on the inclusion criteria was used to collect the 
data. The sample comprised neonates with jaundice 
diagnosed by visual, transcutaneous or serum bilirubin 
assessment. Neonates with direct hyperbilirubinaemia 
were excluded. 

After approval from the institutional ethics review 
committee, the NICE 2010 guidelines for the 
management of jaundiced neonates were used.13 
Informed consent was obtained from the parents before 
collecting the data. 

Blood groups of mothers and neonates were noted. 
Transcutaneous bilirubin (TCB) and TSB were checked for 
all patients at baseline (TSB1). Repeat TSB was checked 
after the first four hours (TSB2). Further TSB assessments 
were done every 4-6 hours, and final reading was taken at 
the end of treatment for all patients (TSB3). 

Indirect fraction was checked for all patients and those 
with higher TSB reaching the threshold of treatment or 
certain risk factors like ABO or Rh incompatibility or 
history of severe NNJ in a sibling were further investigated 
with complete blood count (CBS), including haemoglobin 
(Hb) and haematocrit (Ht), peripheral blood smear, 
reticulocyte counts, and direct antiglobulin test. 

Phototherapy was started with conventional units for all 
patients falling in the phototherapy zone. Patients with 
higher bilirubin level or falling in the lower part of the ET 
zone, according to NICE graphs for NNJ, were 
immediately given IP (Bilisphere 360 LED). 

Patients with signs of bilirubin toxicity or with bilirubin 
levels high in the zone underwent ET. Standard care and 
precautions were taken for all the cases during the 
therapy. Clinical condition and bilirubin were closely 
monitored for all cases. 

IVIGs were given in cases of ABO and Rh incompatibility 
with severe jaundice requiring IP or ET. Patients were 
monitored for the adverse effects of treatment modalities. 
Outcomes were measured based on bilirubin reduction 
and clinical improvement. Data was analysed using SPSS 
25. Normality of quantitative data was checked by one-
sample Kolmogorov-Smirnov test. Frequencies and 
percentages were reported for qualitative variables. 
Median (25th-75th percentile) was calculated for non-
normally distributed quantitative variables. Friedman test 
with Bonferroni correction was used to analyse the before 
and after differences in TSB levels. To carry out post-hoc 
analysis, Wilcoxon signed-rank test was used. P<0.05 was 
considered statistically significant. 

Results 
Of the 233 subjects, there were 119(51%) girls and 
114(49%) boys. Overall, 124(53%) neonates were 
delivered by Caesarean section (CS). The most common 
maternal blood group was O +ve in 107(46%) cases, while 
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Table-1: Treatment options used for neonatal jaundice. 
 
Diagnosis                                                    Phototherapy                                    Intensive phototherapy                             IV immunoglobulin                                      Exchange transfusion 
 
Physiological Jaundice                                            91                                                                           1                                                                           0                                                                                  0 
ABO incompatibility                                                65                                                                          30                                                                         30                                                                                1 
Rh incompatibility                                                   31                                                                           5                                                                           5                                                                                  1 
Jaundice of prematurity                                         26                                                                           0                                                                           0                                                                                  0 
Blood extravasation                                                  5                                                                            0                                                                           0                                                                                  0 
 

ABO: Blood groups O, A, B and AB; Rh: Rhesus.

Table-2: Bilirubin levels before and after the treatment. 
 
TSB1                                                                                                                     TSB2                                                                                                        TSB3                                                                                   p-value 
Median                                                                                                             Median                                                                                                   Median                                                                                         
(25th - 75th percentile)                                                              (25th - 75th percentile)                                                                    (25th - 75th percentile) 
n = 197                                                                                                           n = 197                                                                                                  n = 197 
 
194 (161 - 245) **                                                                             240 (189 - 290) **                                                                              190 (154 - 213) **                                                                    < 0.001* 
 

*Friedman test statistically significant at 5% level of significance 
**Wilcoxon Signed Rank Test for multiple comparisons significant at 5% level of significance 
TSB: Total serum bilirubin.



the most common blood group for neonates was A +ve 
119(51%). Those with physiological jaundice were 104 
(44.6%), followed by ABO incompatibility 67(28.8%), Rh 
incompatibility 3113.3%), jaundice of prematurity 26 
(11.2%) and blood extravasation 5(2.1%) cases. The most 
common co-morbid condition was respiratory distress 
syndrome in 39(16.7%) cases.  

Reticulocyte counts were raised in 44(19%) cases of ABO 
incompatibility and 6(2.6%) cases of Rh incompatibility. 
The direct antiglobulin test was positive in 32(14%) cases 
of ABO incompatibility and 2(0.8%) cases of Rh 
incompatibility. 

Values of transcutaneous bilirubin assessment and TSB1 
were not significantly different (p=0.642) 

Phototherapy was used in 218(93.5%) cases, IP in 
36(15.5%) and IVIG in 35(15%), while ET was done in 
2(0.85%) patients. 

IP was administered in 30(12.8%) patients of ABO 
incompatibility, 5(2.14%) cases of Rh incompatibility, and 
1(0.4%) case of physiological jaundice (Table-1). 

The most common adverse effect of phototherapy was 
skin rashes in 27(11.6%) cases, followed by feeding 
intolerance 26(11.2%) and diarrhoea in 12(5.2%) patients. 
ET was performed in 2(0.8%) patients each with ABO and 
Rh incompatibility. 

Significant difference was observed in all TSB values 
(p<0.001). Median TSB1 was significantly less than the 
median TSB2 (p<0.001), while median TSB1 was 
significantly higher compared to median TSB3 (p<0.001). 
TSB3 median value compared to median TSB2 value 
showed significant reduction in bilirubin (p<0.001) 
(Table-2). 

Among those with severe NNJ, there was a significant 
difference in all TSB values (p<0.001). Median TSB1 value 
was significantly less than TSB2 (p<0.001), while median 
TSB3 value was significantly lower compared to median 
TSB1 (p<0.001). TSB3 median value, when compared with 

median TSB2, showed significant reduction in bilirubin 
(p<0.001) (Table-3).  

There was no death or referral to a higher centre. All 
233(100%) patients improved with the management and 
were discharged without any acute or chronic bilirubin 
toxicity. 

Discussion 
ABO incompatibility remains a significant cause of severe 
NNJ followed by Rh incompatibility,32 which was also 
observed in the current study where ABO incompatibility 
was present in 30(83%) cases followed by Rh 
incompatibility in 5(14%) cases of severe NNJ. However, 
physiological jaundice was the most common cause of 
NNJ in the current study. Also, in the current study, 48% 
cases were preterm babies which is in line with similar 
studies reporting 37% and 31%.32,33 

We found that transcutaneous bilirubin assessment was 
quite reliable and helpful in the early detection and 
follow-up of jaundiced newborns, which is emphasized 
by earlier studies as well.1,34 

Some studies used AAP guidelines for the management 
of hyperbilirubinaemia.35,36 However, we followed the 
NICE guidelines and used phototherapy in 218(93.5%) 
cases which contrasts with a study reporting 62.6% 
patients.32 We used IP in only 36(15.5%) cases, while some 
other studies used it in all patients of 
hyperbilirubinaemia.35 One study compared the effect of 
conventional and intensive phototherapy and found 
better outcome with IP.36 Adverse effects of phototherapy 
are generally not severe and are well-tolerated24 which is 
also consistent with our study where 27% cases had 
minor adverse effects. 

Use of IVIG is well known in NNJ management, and it has 
been documented by certain studies to result in 
decreasing the need of ET37 while we found that 
combined use of IVIG and IP was an effective means of 
treatment in severe NNJ. 
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Table-3: Bilirubin levels before and after treatment in severe neonatal jaundice. 
 
TSB1                                                                                                                     TSB2                                                                                                        TSB3                                                                                   p-value 
Median                                                                                                             Median                                                                                                   Median                                                                                         
(25th - 75th percentile)                                                              (25th - 75th percentile)                                                                    (25th - 75th percentile) 
n = 36                                                                                                               n = 36                                                                                                     n = 36 
 
256 (211 - 345) **                                                                             313 (268 - 383) **                                                                              211 (198 - 277) **                                                                    < 0.001* 
 

*Friedman test statistically significant at 5% level of significance. 
**Wilcoxon Signed Rank Test for multiple comparisons significant at 5% level of significance. 
TSB: Total serum bilirubin.



We used ET in 2(0.85%) cases, while higher rates are found 
in other studies.32,36 Certain parts of the world still have 
higher ET rates.29 The low ET rate in the current study is 
most likely due to earlier use of effective phototherapy 
(conventional and intensive) and IVIG, earlier detection of 
serum bilirubin levels and follow-up of at-risk cases. This 
trend has been observed by other studies as well.38 

The outcome of our patients was quite good as all of them 
improved with the treatment, and none developed acute 
or chronic bilirubin toxicity. Studies have documented the 
incidence of kernicterus, but it was not observed in the 
current study.32 

There was no fatal outcome in our study, whereas one 
study has displayed low mortality rate in neonatal 
hyperbilirubinaemia treated with ET.39 Also, some studies 
have demonstrated high mortality.32,40 It has been 
suggested that better techniques should be used for the 
visual assessment and treatment of NNJ.8 Further 
population-based studies should be conducted to 
ascertain the magnitude of this problem. 

Conclusion 
The newer techniques, including transcutaneous bilirubin 
assessment, IVIG and IP were found to have a vital role in 
the management of NNJ, while ET is still a lifesaving 
procedure for these patients.  

Disclaimer: None. 

Conflict of Interest: None. 

Source of Funding: None. 

References 
1. Xie B, da Silva O, Zaric G. Cost-effectiveness analysis of a system-

based approach for managing neonatal jaundice and preventing 
kernicterus in Ontario. Paediatr Child Health. 2012; 17:11-6. 

2. Sarici SU,  Serdar MA, Korkmaz A, Erdem G, Oran O, Tekinalp G, et 
al. Incidence, course, and prediction of hyperbilirubinemia in 
near-term and term newborns. Pediatrics. 2004; 113:775-80. 

3. Kaplan M, Muraca M, Hammerman C, Rubaltelli FF, Vilei MT, 
Vreman HJ.et al. Imbalance between production and conjugation 
of bilirubin: a fundamental concept in the mechanism of neonatal 
jaundice. Pediatrics. 2002; 110:e47 

4. Maisels MJ. Managing the jaundiced new-born: a persistent 
challenge. CMAJ. 2015; 187:335-43. 

5. Kaplan M, Merlob P, Regev R. Israel guidelines for the 
management of neonatal hyperbilirubinemia and prevention of 
kernicterus. J Perinatol. 2008; 28:389-97. 

6. Wan A, Mat Daud S, Teh SH, Choo YM, Kutty FM. Management of 
neonatal jaundice in primary care. Malays Fam Physician. 2016; 
11:16-9.  

7. Sgro M, Campbell D, Shah V. Incidence and causes of severe 
neonatal hyperbilirubinemia in Canada. CMAJ. 2006; 175:587-90. 

8. Slusher TM, Zipursky A, Bhutani VK. A global need for affordable 
neonatal jaundice technologies. Semin Perinato. 2011; 35:185-91. 

9. Maisels MJ. Neonatal hyperbilirubinemia and kernicterus – not 

gone but sometimes forgotten. Early Hum Dev. 2009;   85:727-32. 
10. Shapiro SM. Hyperbilirubinemia and the risk for brain injury. In: 

Perlman J, Polin RA, eds. Neurology: Neonatology Questions and 
Controversies. Philadelphia: Saunders Elsevier, 2008; pp-195-209.    

11. Hansen TW. Kernicterus in term and near-term infants – the 
specter walks again. Acta Paediatr. 2000; 89:1155-7. 

12. Kaplan M, Bromiker R, Hammerman C. Severe neonatal 
hyperbilirubinemia and kernicterus: are these still problems in the 
third millennium? Neonatology. 2011; 100:354-62. 

13. NICE/National Institute for Health and Care Excellence: Neonatal 
jaundice 2010. [Online] [Cited 2015 August 15]. Available from: 
URL:https://www.nice.org.uk/guidance/cg98/evidence/full-
guideline-245411821 

14. Bhutani VK, Wong RJ. Bilirubin neurotoxicity in preterm infants: 
risk and prevention. J Clin Neonatol. 2013; 2:61-9. 

15. Bhutani VK, Committee on Fetus and Newborn, American 
Academy of Pediatrics. Phototherapy to prevent severe neonatal 
hyperbilirubinemia in the new-born infant 35 or more weeks of 
gestation. Pediatrics. 2011; 128:e1046–52. 

16. Maisels MJ, McDonagh AF. Phototherapy for neonatal jaundice. N 
Engl J Med. 2008; 358:920-8. 

17. American Academy of Pediatrics Subcommittee on 
Hyperbilirubinemia. Management of hyperbilirubinemia in the 
new-born infant 35 or more weeks of gestation. Pediatrics. 2004; 
114:297-316. 

18. Maisels MJ, Bhutani VK, Bogen D, Newman TB, Stark AR, Watchko 
JF. Hyperbilirubinemia in the newborn infant > or = 35 weeks’ 
gestation: An update with clarifications. Paediatrics. 2009; 
124:1193-8. 

19. Ip S, Lau J, Chung M, Kulig J, Sege R, Glicken S, et al. 
Hyperbilirubinemia and kernicterus: 50 years later. Pediatrics. 
2004; 114:263–4. 

20. Maisels MJ, Watchko JF, Bhutani VK, Stevenson DK. An approach 
to the management of hyperbilirubinemia in the preterm infant 
less than 35 weeks of gestation. J Perinatol. 2012; 32:660-4. 

21. Crosse VM, Meyer TC, Gerrard JW. Kernicterus and prematurity. 
Arch Dis Child. 1955; 30:501-8. 

22. Maisels MJ, Stevenson D, Watchko JF, McDonagh AF. 
Phototherapy and others treatments. In: Stevenson DK, Maisels 
MJ, Watchko JF, eds. Care of the jaundiced neonate. New York: 
McGraw-Hill, 2012; 195-227. 

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

24. Tao Xiong, Yi Qu, Stephanie Cambier, Dezhi Mu. The side effects of 
phototherapy for neonatal jaundice: what do we know? What 
should we do? Eur J Pediatr. 2011; 170:1247-55. 

25. Maisels M, Watchko J, Bhutani V, Stevenson D. An approach to the 
management of hyperbilirubinemia in the preterm infant less 
than 35 weeks of gestation. J Perinatol. 2012; 32:660-4. 

26. Maisels MJ, McDonagh AF. Phototherapy for neonatal jaundice. N 
Engl J Med. 2008; 358: 920-8. 

27. Bhutani VK, Committee on Fetus and Newborn. Technical Report: 
phototherapy to prevent severe neonatal hyperbilirubinemia in 
the new-born infant 35 or more weeks of gestation. Pediatrics. 
2011; 128: e1046-52. 

28. Muchowski KE. Evaluation and treatment of neonatal 
hyperbilirubinemia. Am Fam Physician. 2014; 89:873-8. 

29. Ibekwe RC, Ibekwe MU, Muoneke VU. Outcome of exchange 
blood transfusions done for neonatal jaundice in abakaliki, 
Southeastern Nigeria. J Clin Neonatol. 2012; 1:34-7. 

30. Jackson JC. Adverse events associated with exchange transfusion 
in healthy and ill new-borns. Pediatrics. 1997; 99:E7. 

31. Patra K, Storfer-Isser A, Siner B, Moore J, Hack M. Adverse events 
associated with neonatal exchange transfusion in the 1990 s. J 

Vol. 70, No. 10, October 2020

Efficacy of newer modalities in the management of indirect hyperbilirubinemia at a secondary care...1756



Pediatr. 2004; 144: 626-31. 
32. Rasul CH, Hasan MA, Yasmin F. Outcome of neonatal 

hyperbilirubinemia in a tertiary care hospital in Bangladesh. 
Malays J Med Sci. 2010; 17:40-4. 

33. Khatoon S, Islam MN. Neonatal Jaundice—Clinical profile of 140 
cases. Bang J Child Health. 1993; 17:158-63. 

34. Nagar G, Vandermeer B, Campbell S, Kumar M. Reliability of 
transcutaneous bilirubin devices in preterm infants: a systematic 
review. Pediatrics. 2013; 132:871-81. 

35. Saboute M, Mazouri A, Khalesi N, Hoseiny Nejad N, Razaghian A. 
The Effect of Intensive Phototherapy on Management of 
Hyperbilirubinemia in Neonates with the Gestational Age of 34 
Weeks and More. Iranian J Neonatol IJN. 2017; 8:83-8. 

36. Edris AA, Ghany E, Razek A, Zahran AM. The role of intensive 
phototherapy in decreasing the need for exchange transfusion in 

neonatal jaundice. J Pak Med Assoc. 2014; 64:5-8. 
37. Elalfy MS, Elbarbary NS, Abaza HW. Early intravenous 

immunoglobin (two-dose regimen) in the management of severe 
Rh hemolytic disease of newborn-a prospective randomized 
controlled trial. Eur J Pediatr. 2011; 170:461-7. 

38. Manning D, Todd P, Maxwell M, Platt MJ. Prospective surveillance 
study of severe hyperbilirubinaemia in the new-born in the UK 
and Ireland. Archives of Disease in Childhood-Fatal and Neonatal 
Edition. 2007; 92:F342-F6. 

39. Badie Z. Exchange transfusion in neonatal hyperbilirubinaemia: 
experience in Isfahan, Iran. Singapore Med J. 2007; 48:421–3. 

40. Owa JA, Ogunlesi TA. Why we are still doing so many exchange 
blood transfusion for neonatal jaundice in Nigeria. World J 
Pediatr. 2009; 5:51-5.

J Pak Med Assoc

M. A. Farhan, M. I. Ali, A. Faraz, et al 1757


