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ABSTRACT AIMS: To describe brain MRI findings in neonates at risk of acute bilirubin encephalopathy in relation to 
gestational age, weight and bilirubin levels, age at imaging and neurodevelopmental outcome. 

MATERIAL AND METHODS: Neonates with TSB >18 mg/dl. Review of neonatal data, at birth and later, MRI scans and 
BERA and neurodevelopmental outcome. 
RESULTS: 22 neonates were studied, 2 < 31, 7 b/w 34–36 and 13 b/w 37–40 weeks GA. MRI showed abnormal SI in 
the BG in 14/22 at birth and 13/22 in later scans. Abnormal WM SI occurred in 12/22 at birth & 7/22 later scans. 13 
infants developed motor/auditory sequelae. Adverse outcome was associated with high SI in BG (7/13) on late T2-
weighted MRI (all GA) and abnormal BERA on follow up. WM and STN abnormalities, did not correlate with outcome. 
CONCLUSIONS: Severe sequelae occurred with relatively low TSB levels in preterm but at high levels in terms. In 
asymptomatic patients at presentation, follow up MRI and BERA can reliably predict abnormal neurodevelopment out-
come. 
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Introduction
The serum unconjugated bilirubin levels of most newborn 
infants rises to >2mg/dl in first week life. This level usually 
rises in full term infants to a peak of 6-8 mg/dl by 3-5 days 
of age then falls. A rise to 12mg/dl is in the physiological 
range.In premature infants the peak may be 10 to 12 mg 
/dl on the 5th day of life, possibly rising >15 mg/dl with-
out any specific abnormality of bilirubin metabolism1. Ex-
treme hyperbilirubinemia causes bilirubin encephalopathy 
and toxicity to basal ganglia and brainstem nuclei, rare but 
preventable cause of severe, morbidity in otherwise normal 
infants.

Acute bilirubin encephalopathy is the clinical manifesta-
tion of bilirubin toxicity seen in the neonatal period1,2. 
Kernicterus is a pathologic diagnosis and refers to yellow 
staining of the brain by bilirubin together with evidence of 
neuronal injury2,3,4.

The classic signs of acute bilirubin encephalopathy in 
the severely    hyperbilirubinemic term infants    in-
clude  increasing  hypertonia,  especially  of  extensor  
muscles,with retrocolis, opisthotonus, in association with 
varying degrees of drowsiness, poor feeding, hypotonia, 
and alternating tone.

Aims
To describe magnetic resonance imaging (MRI) findings in 
neonates at risk of acute bilirubin encephalopathy, in rela-
tion to Gestational age, Total serum bilirubin and Age at 
imaging.

To assess the clinical neurological outcome.

METHOD
A prospective hospital based study was carried out at a 
tertiary care centre in north India from October 2011 to 
September 2013.

Study group 40 cases in G.S.V.M. Medical College, who 
were either extremely preterm, preterm or term, with neo-
natal hyperbilirubinaemia selected for study out of these 

30 neonates with neonatal hyperbilirubinaemia fulfilled the 
inclusion criteria, however 3 neonates died shortly after 
birth, hence study group comprised of 27 neonates. 5 in-
fants defaulted on follow up, henceforth 22 neonates com-
prised the final study group.

INCLUSION CRITERIA
Neonates with hyperbilirubinemia. 

Extremely preterm  <32 wks of GA (serum bilirubin >18 
mg/dl).                                                                                  

Preterm  32 1/7 to 36 6/7 wks of GA (serum bilirubin >18 
mg/dl).

Term  37 to 41 6/7 wks of GA (serum bilirubin >20 mg/dl).

 Neonates with acute bilirubin encephalopathy.

EXCLUSION CRITERIA
1. Neonates with any congenital malformations.

2. Neonates with apgar scores <6 at 1 and 5 minutes of 
life.

3. Neonates with delayed cry with or without cyanosis.

4. Neonates requiring endotracheal intubation and manual 
IPPV for at least 1 to 5 minutes after birth.

5. Neonates with any systemic diseases and hypoxic is-
chemic encephalopathy with potential negative influences 
on neurological development. 

STUDY METHOD
Informed consent was taken from attendants of all patients 
and permission was taken from ethical committee of insti-
tution.

Neonates with were divided into 3 categories based on 
GA
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  1. Extremely preterm <32 wks of GA.                                                                                  

  2. Preterm 32 1/7 to 36 6/7 wks of GA.

  3. Term 37 to 41 6/7 wks of GA.

In preterm neonates cases with total serum bilirubin lev-
els>18 mg/dl and in term neonates cases with total serum 
bilirubin levels>20 mg/dl with or without signs and symp-
toms of acute bilirubin encephalopathy were incorporated 
in the study.   

All neonates were reviewed for 

Apgar scores. 

Age at admission.

Level and age of maximum TSB.

Evidence of acidosis sepsis and other pathologies. 

Neonatal clinical signs /symptoms.

Neurological examination at presentation and up to 1 year

Results of brain imaging MRI at presentation and at follow 
up (6 MONTHS).

Results of BERA (auditory assessment) at presentation and 
at follow up (6 MONTHS).

RESULTS 
From the above study conducted at a tertiary care centre 
from October 2011 to September 2013, analyzing a popu-
lation of 22 neonatal hyperbilirubinaemia cases using serial 
MRI and BERA and on follow up assessing their neurode-
velopmental outcome, following results were obtained.

MRI findings in relation to gestational age; both in term 
and preterm neonates there is approximately equal distri-
bution of abnormalities in GP (globus pallidus), STN (sub 
thalamic nuclei) and WM (white matter), whereas in ex-
tremely preterm neonates abnormalities in STN were found 
to a lesser degree as compared to preterm and term neo-
nates.(table 1,2,3)

MRI findings in relation to maximum serum bilirubin levels; 
we found that TSB levels did not correlate with MRI find-
ings neither in extremely preterm, preterm or term neo-
nates.

MRI findings in relation to age at scan; we found a consist-
ent scan evolution of MRI irrespective of gestational age 
with earlier T1 abnormalities being replaced by T2 abnor-
malities in follow up scans.  

MRI findings in relation to neurodevelopmental outcome; 
in our study we did not find a significant correlation be-
tween MRI findings and abnormal neurodevelopmental 
outcome.

MRI findings do reverse to normal in few neonates on 
therapy on follow up and that most neonates who had 
persistent signal intensity (SI) on follow up at 6 months 
usually had it in T2 weighted images.(table 6)

Normal BERA at presentation does not herald a normal 
hearing on follow up at 1 year and that abnormalities in 

BERA can occur later on by 6 months of age predicting an 
abnormal auditory outcome in infancy as determined by 
BERA at 1 year.(table 4,5)

In our study we found that initial abnormalities in BERA 
can revert back to normal on treatment and that an initial 
normal BERA does not predict a normal hearing at infancy.

In our study we also found that performing BERA on 6 
months follow up showed more significant correlation to 
hearing loss at 1 year than doing it at presentation.

In our study we found that occurrence of sequelae on fol-
low up was inversely proportional to gestational age and 
birth weight and occured at lower serum bilirubin levels.

Presence or absence of features of acute bilirubin enceph-
alopathy at presentation was independent of neurodevel-
epmental outcome. On the contrary cases with signs and 
symptoms of bilirubin encephalopathy at presentation 
could have a normal neurodevelopmental outcome on fol-
low up.(table 7)

DISCUSSION
Despite various advances in management and diagnosis 
of acute bilirubin encephalopathy, it is the subtle nature of 
Bilirubin Induced Neurological Dysfunction (BIND) and an 
early hospital discharge, that is causing re-emergence of 
chronic bilirubin encephalopathy and is having an implica-
tion on long term neurodevelopmental status of a neonate.

Above concerns lead to the pressing needs of newer di-
agnostic evaluation that allow diagnosis of BIND at an age 
where interventions can improve the outcome. This study 
was conducted for a complete evaluation of acute bilirubin 
encephalopathy and assessing the usefulness of MRI and 
ABER in early prediction of an abnormal outcome.

In term and preterm neonates there is approximately equal 
distribution of abnormalities in BG, STN and WM whereas 
in extremely preterm neonates abnormalities in STN were 
found to a lesser degree as compared to preterm and 
term neonates unlike other study as conducted by Meropi 
T et al, (2008)5.

In our study we found that brain MRI follows a chronologi-
cal sequence. In the first phase (acute phase), we detect 
a signal increase in T1-weighted sequences in globus pal-
lidus and not in the subthalamic nuclei as suggested by 
Yokochi K et al, (1995)6, Steinborn M et al, (1999)7. We 
believe that these findings reflect the immediate astroglial 
reaction to insult, oedema or the presence of bilirubin as 
also suggested by Govaert P et al, (2003)8 , Yilmaz Y et 
al, (2002)9 and Yilmaz Y et al, (2001)10. During a second 
(transitional) phase, the hyperintensity in the T1-weighted 
images decreases throughout the second and third weeks 
of life before becoming normal. Increase in signal inten-
sity in T2-weighted images have been described at 6 to 8 
days after birth by Govaert P et al, (2003)8 and  Penn AA 
et al, (1994)11. Neuroimaging findings evolved similarly in 
all cases observed. The hyperintensities in T1 weighted 
images practically disappeared, and then appeared in T2 
weighted images in the globi pallidi, and not in the sub-
thalamic nuclei as suggested by Meropi T et al, (2008)5. 
Yokochi Y et al, (1995)6 showed that in third stage (the 
chronic phase), a hyperintense signal is identified in T2 
which remains for the rest of the patient’s life, and has 
been found in children as old as 12 years of age. This 
signal is indicative of the dense fibrillar gliosis with a low 
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cellular content appearing in the final phase. Similarly our 
study showed persistence of abnormal T2 signal intensities 
however our follow up lasted only for one year. 

Hansen TW et al,12 suggested that not all neonates with 
hyperbilirubinaemia and abnormal neurological signs and 
symptoms in the neonatal period will develop the disease 
in future. However in our study we found that a patient 
would have a very high probability of developing BIND, if 
the neonate has clinical symptoms and signs suggestive of 
bilirubin encephalopathy together with abnormal biochem-
ical parameters, neuroimaging and BERA findings. For this 
reason, we consider brain MRI and BERA to be a useful 
tool for determining bilirubin toxicity during the neonatal 
period and infancy.

The presence of hyperbilirubinaemia associated with sug-
gestive clinical symptoms and abnormal MRI findings (ini-
tially, hyperintensity in the globi pallidi in T1 images, with 
subsequent hyperintensity in T2), together with abnormal 
BERA activity, allows us to establish an early diagnosis and 
an early initiation of treatment.

In our study it was found that MRI findings of GP do re-
verse to normal in 36% of neonates on follow up and all of 
the remaining neonates showed persistent signal intensity 
(SI) in T2 weighted images on follow up.

We were not able to show a consistent relationship be-
tween early imaging abnormality and motor outcome but 
on later scans 76% of neonates with abnormal motor out-
come had classic changes in the globus pallidus (GP) on 
T2-weighted images, although the p value for the above 
correlation was not significant as also suggested by Musta-
fa MT et al, (2010)13. 

We also observe that at peak of TSB, the term neonates 
presented with typical signs of acute bilirubin encepha-
lopathy as also  mentioned in Volpe JJ Neurology of 
the newborn, 4th edition, (2001)14. Whereas the preterm 
neonates in our study had apnoeic episodes and desatura-
tions, supporting a distinctive picture of hyperbilirubinae-
mia in the preterm population as also suggested by Go-
vaert P et al, (2003)8

.
 Apnoeas have been attributed to 

brainstem dysfunction caused by bilirubin.

The most frequent underlying diagnosis in present study 
was ABO/Rhesus incompatibility (36%). However in one 
third of neonates obvious aetiology could not be estab-
lished as suggested by Shapiro SM et al, (2003)15.

In our study, there was a consistency of scan evolution, 
confirming the usefulness of SI abnormality in the GP on 
T1-weighted early MR scans and of the early combination 
of abnormal SI on T1W and on T2W images (at least as 
subtle changes) in preterm and term infants as described 
previously. However, abnormal late scans were preceded 
by normal scans in four preterm neonates. In term or near 
term infants, possibly because of increased brain metabol-
ic rate, changes were seen within 2 days to 4 weeks after 
peak TSB.

On the other hand we also saw that few neonates with 
abnormal initial scans became normal on follow up. This 
could reflect a contribution from oedema to imaging 
changes in the acute stage which resolved later. 

In our study in term neonates only 61% of early and 37% 
of follow up scans had an abnormal appearance to the 

STN. The STN is not always easy to identify as it depends 
on plane and level of imaging and thin slices are required 
not to miss the nuclei on coronal T2 images used for fol-
low-up. Abnormality in the STN may help confirm the di-
agnosis of bilirubin encephalopathy as suggested by Go-
vaert P et al, (2003)8, Penn AA et al, (1994)11, Steinborn 
M et al, (1999)7. STN abnormality occurence in term neo-
nates with severe hearing loss was described by above au-
thors in their studies. No similar correlation has been seen 
in our study. 

We also observed that though the term neonates had an 
abnormally high peak TSB levels, it did not correlate with 
either MRI or BERA findings at presentation, on follow up 
and with hearing loss, hitherto reported Newman TB et 
al, (1992)16. As with term neonates and also suggested by 
previous studies Govaert P et al, (2003)8, Harris MC et 
al, (2001)17, Okumura A et al, (2001)18, Steenweg ME 
et al, (2010)19, Sugama S et al, (2001)20, Yilmaz Y et al, 
(2001)10, similarly in preterm neonates  TSB levels did not 
correlate with MRI/BERA findings at presentation, on fol-
low up and with hearing loss.

In conclusion we found a wider spectrum of MRI findings 
both in preterm and term infants with ABE (acute biliru-
bin encephalopathy) kernicterus than previously reported. 
The occurrence of neurological damage at relatively low 
TSB levels in preterm infants highlights the need for fur-
ther study on the effects of GA, the rate of rise and dura-
tion of hyperbilirubinaemia, and other neonatal risk factors 
to identify infants at risk for neurotoxicity. The reasons for 
the late appearance of classic changes in the GP and the 
aetiology and significance of the changes we found in the 
WM are unclear. Our data, though limited by its small pa-
tient number, shows that MRI scans at presentation were 
not reliable in excluding significant damage to the GP and 
we suggest that an MRI scan at least at 6 months post 
term age is needed when kernicterus is suspected. More 
detailed imaging in a larger group of infants using sequen-
tial diffusion weighted imaging from the time of TSB and 
MRI at an older age might elucidate further a structural 
and functional relationship and help in understanding the 
pathological processes and developmental difficulties ex-
perienced by these neonates.

Hyperbilirubinaemia is a significant risk factor for audi-
tory neuropathy/dysynchrony diagnosed as hearing loss of 
variable severity and configuration with recordable OAE or 
cochlear microphonic (CM) responses but absent or atypi-
cal BERA as suggested by Agarwal VK et al, (1998)21. In 
our study hearing loss and TSB levels did not correlate and 
neonatal BERAs were not predictive of future HL (p value 
>.05) on follow up, as previously documented Yilmaz Y et 
al, (2001)9.   We also found that normal BERA at presen-
tation does not herald a normal hearing on follow up at 
1 year, and that abnormalities in BERA can occur later on 
by 6 months of age predicting an abnormal auditory out-
come in infancy as determined by BERA at 1 year (p value 
< .05).

We would also like to suggest that initial abnormalities 
in BERA can revert back to normal on treatment and that 
an initial normal BERA does not predict a normal hearing 
at infancy. 2 out of the 22 cases with normal BERA on 6 
months follow up went on to develop hearing loss as de-
termined by BERA at 1 year. These findings could not be 
explained and require detailed evaluation for other causes 
of hearing loss. This may be due either to normalization of 
ABER after exchange transfusion or phototherapy, misin-
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terpretation of “Giant” CM responses as normal ABR re-
sponses or to preservation of some of the inner hair cells 
allowing persistence of an BERA response as suggested by 
Shapiro SM et al, (2003)22.

To conclude, BERA detects subclinical bilirubin encepha-
lopathy even before appearance of any sign or symptoms 
of kernicterus as observed in the present study. Thus se-
rial BERA may be a useful, non invasive, cost effective and 
radiation free tool to detect neurodevelopment delay sec-
ondary to hyperbilirubinemia.

CONCLUSION
From our study we concluded that in cases of neonatal 
hyperbilirubinemia MRI findings showed a consistent scan 
evolution from T1 to T2 weighted images and that there 
was not much of a difference in MRI finding in preterm 
and term neonates, however extremely preterm cases 
conspicuously showed absence of STN changes, a finding 
which needs further studies with a large sample size for 
confirmation of the finding and evaluation of the reason.

Severe neuromotor sequelae occurred with relatively low 
TSB levels in preterms but only at high levels in full terms 
and in neonates with more birth weight, the causes of in-
creased susceptibility of preterm neonates to a lower se-
rum bilirubin level need to be defined and included in the 
management protocols of neonatal hyperbilirubinemia. 

BERA detects subclinical bilirubin encephalopathy even be-
fore appearance of any sign or symptoms of kernicterus as 
observed in the present study. Thus serial BERA may be a 
useful, non invasive, cost effective and radiation free tool 
to detect neurodevelopment delay secondary to hyperbili-
rubinemia.

We also found that if at presentation signs and symptoms 
of bilirubin encephalopathy are not present, it is prudent 
to perform MRI and BERA on follow up to predict an ab-
normal neurodevelopmental outcome, since absence of 
clinical features does not predict a normal neurodevelop-
mental outcome. 

TABLE: 1
MRI FINDINGS IN EXTREMELY PRETERM NEONATES AT   
PRESENTATION  AND ON FOLLOW UP AT 6 MONTHS
n =2

S NO. GLOBUS 
PALLIDUS

         
STN

WHITE   
MATTER

T1 T2 T1 T2 T1 T2
ON PRESENTATION
Normal 2 2 2 2 1 0
Abnormal 0 0 0 0 1 0
ON 6 MONTHS FOLLOW UP
Normal 1 0 2 2 2 0
Abnormal 1 2 0 0 0 2

TABLE: 2
MRI FINDINGS IN PRETERM NEONATES AT  PRESENTA-
TION  AND ON FOLLOW UP AT 6 MONTHS
PRETERM  n=7

SERIAL 
NO GLOBUS PALLIDUS STN WHITE MATTER

T1 T2 T1 T2 T1 T2
ON  PRESENTATION
Normal 3 5 3 5 4 3
Abnor-
mal 4 2 4 2 3 4

ON 6 MONTHS FOLLOW UP
Normal 5 3 7 4 7 4

Abnor-
mal 2 4 0 3 0 3

TABLE: 3
MRI FINDINGS IN TERM NEONATES AT  PRESENTA-
TION  AND ON FOLLOW UP AT 6 MONTHS
TERM   n=13

SERIAL 
NO. GLOBUS PAL-

LIDUS STN WHITE MAT-
TER

T1 T2 T1 T2 T1 T2

ON PRESENTATION

Normal 4 7 5 8 7 5

Abnor-
mal 9 6 8 5 6 8

ON 6 MONTHS FOLLOW UP
Normal 11 6 12 9 13 4

Abnor-
mal 2 7 1 4 0 9

TABLE: 4
RELATIONSHIP OF BERA WITH HEARING LOSS 

S.NO. AT PRESENTA-
TION

AT 6 
MONTHS

OUTCOME 
BERA AT 1 
YEAR

EXTREMELY PRETERM     n=2

1 N A HL

2 A N No HL

PRETERM n=7

1 N A HL

2 N A HL

3 N N No HL

4 N N No HL

5 A A No HL

6 A A HL

7 A A No HL

ASSOCIATION OF BERA WITH HEARING LOSS n=13

TERM

1 N A HL

2 N N HL

3 N N No HL

4 A A HL

5 N N No HL

6 A N No HL

7 A N No HL

8 A N No HL

9 A N HL

10 A A HL

11 A N No HL

12 A A No HL

13 A A No HL
 
A= Abnormal, N= Normal, HL= Hearing loss 
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TABLE: 5
ASSOCIATION OF BERA AT PRESENTATION AND AT AT 
6 MONTHS WITH OUTCOME
n=22

      NUMBER OF CASES

BERA At presentation At 6 month
OUTCOME OUTCOME
GOOD POOR GOOD POOR

NORMAL 4   5 9 2
ABNORMAL 9 4 3 8

Significant association of BERA at 6 months with outcome 
(p value <.05).

TABLE: 6
ASSOCIATION OF MRI AT PRESENTATION AND AT AT 6 
MONTHS WITH OUTCOME n=22

      NUMBER OF CASES

MRI
At presentation

At 6 month

OUTCOME OUTCOME
GOOD POOR GOOD POOR

NORMAL 5 3 6 3
ABNORMAL 6 8 3 10

Above table shows that there is no significant association 
of MRI at presentation and at at 6 months with outcome (p 
value >.05). CHI SQUARE TEST

TABLE: 7
ASSOCIATION OF NORMAL CLINICAL PROFILE AT 
PRESENTATION WITH OUTCOME n=22

NUMBER OF CASES

ACUTE BILIRUBIN

ENCEPHALOPATHY

OUTCOME

NORMAL ABNORMAL

ABSENT 5 7

PRESENT 4 6
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