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 Summary
 Background: The term kernicterus, or bilirubin encephalopathy, is used to describe pathological 

bilirubin staining of the basal ganglia, brain stem, and cerebellum, and is associated with 
hyperbilirubinemia. Kernicterus generally occurs in untreated hyperbilirubinemia or cases 
where treatment is delayed. Magnetic resonance imaging (MRI)-based studies have shown 
characteristic findings in kernicterus. The objective of our study was to describe the role of 1H 
magnetic resonance spectroscopy (MRS) in demonstrating these metabolic changes and to review 
conventional MRI findings of kernicterus.

 Material/Methods: Forty-eight pediatric cases with kernicterus were included in this study. MRI and MRS 
examinations were performed on variable dates (10–29 days after birth). NAA, Cr, Cho, NAA/Cr, 
NAA/Cho, and Cho/Cr values were evaluated visually and by computer analysis.

 Results: There was no statistically significant difference between the NAA and Cho levels in the acute 
kernicterus patients and the control group (healthy patients), whereas both were significantly 
elevated in the chronic kernicterus patients. Both the mean NAA/Cr and Cho/Cr ratio values were 
significantly higher in the acute and chronic cases compared to the control group. The NAA/Cho 
ratio value was statistically lower in the acute cases than in the control group while it was similar 
in the chronic cases.

 Conclusions: Conventional MR imaging and 1H-MRS are important complementary tools in the diagnostics of 
neonatal bilirubin encephalopathy. This study provided important information for applying these 
MR modalities in the evaluation of neonates with bilirubin encephalopathy.
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Background

The term kernicterus, or bilirubin encephalopathy, is used 
to describe pathological bilirubin staining of the basal gan-
glia, brain stem, and cerebellum, and is associated with 
hyperbilirubinemia. The non-conjugated bilirubin reaches 
the brain and acts as a neurotoxin, often in association 
with conditions that impair the blood–brain barrier (e.g. 
sepsis). This condition occurs primarily in neonates (infants 
and newborns) and may rarely occur in adults [1]. Neonatal 

jaundice is easily treatable with phototherapy, albumin 
infusion, or exchange transfusion [2,3]. However, the dam-
age inflicted on the brain by bilirubin is not always revers-
ible and can result in cerebral palsy, deafness or hearing 
loss, impairment of upward gaze, and enamel dyspla-
sia of the primary teeth [4]. Magnetic resonance imaging 
(MRI)-based studies have shown characteristic findings 
of kernicterus: signal intensity increase on T2-weighted 
images (WI) of the globus pallidus (GP), subthalamic nuclei, 
and hippocampus in the subacute and chronic phases of 
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kernicterus [5,6]. Increased signal intensity on T1WI in 
the globus pallidus and subthalamic nuclei in the acute 
phase have previously been reported in the literature [7]. 
High bilirubin levels cause the inhibition of glutamate (Glu) 
uptake by astrocytes [8], and increased extracellular gluta-
mate concentrations cause neuronal death due to hyperex-
citation of the postsynaptic neurotransmitter receptors [9]. 
The objective of our study was to describe the role of 1H 
magnetic resonance spectroscopy (MRS) in demonstrating 
these metabolic changes and to review conventional MRI 
findings of kernicterus in the light of previously published 
studies.

Material and Methods

Fifty pediatric cases with kernicterus referred to the 
Yuzuncu Yil University Pediatric Neurology Department 
were included in this study. All the patients’ parents were 
asked for their written consent, and ethical authorization 
from the university ethics committee was obtained. Two 
infants were excluded from the study due to the co-exist-
ence of additional disorders (urinary infection, respiratory 
distress, major congenital malformations, congenital heart 
disease, sepsis, or acidosis) that could predispose to biliru-
bin neurotoxicity. The remaining 48 patients were divided 
into two groups: Group 1 consisted of nine acute patients 
[four males (45.5%) and five females (55.5%)], and Group 2 
comprised 39 chronic hyperbilirubinemia cases [29 males 
(74.4%) and 10 females (25.6%)]. Infants with a history of 
neonatal asphyxia or clinic and radiologic hypoxic ischemic 
encephalopathy findings were excluded from the study.

Patients with an initial diagnosis of kernicterus with typi-
cal clinical findings (jaundice, encephalopathy, lethargy, 
hypotonia, and lack of nursing) and high serum bilirubin 
levels [total serum bilirubin (TSB) >25 mg/dL] were includ-
ed in Group 1 prospectively. Group 1 cases were divided 
into two groups depending on the gestational week, i.e., 
Group 1a: preterm (four cases, 35–36 weeks); Group 1b: 
term (five cases, 38–40 weeks). Each patient’s age, sex, 
gestational week, birth weight, total serum bilirubin 
level, and therapy modality was recorded. The infant and 
maternal blood type mismatches, Rh–ABO, were marked. 
Neurological examinations were performed at initial 
admission and four months later. MRI and MRS examina-
tions were performed on variable dates (10–29 days after 
birth).

Group 2 was constituted by a retrospective review from 
June 2006 to June 2009 and was observed between June 
2009 and January 2011. The achievable medical data (ini-
tial physical, laboratory, and radiological examination 
records) were gathered from archives. Previous achievable 
MRI examinations of Group 2 cases were also reviewed. 
Instant control MRI and MRS findings were noted.

A 1.5 Tesla (T) MR imaging system (Siemens Magnetom 
Symphony, Erlangen, Germany) was used for all the 
patients. MRI examinations were conducted under sedation 
(50 mg/kg chloral hydrate, maximum 1 g per os). The fol-
lowing MRI sequences were acquired: axial, sagittal T1WI 
spin echo (repetition time [TR]: 490 ms; echo time [TE]: 9.4 
ms); axial, sagittal T2WI turbo spin echo (TR: 3500 ms; 

TE: 90 ms); and axial fluid attenuation inversion recov-
ery (FLAIR) (TR: 7850 ms; TE: 108 ms; inversion time [TI]: 
2600 ms). Group 1 patients with high T1W signal inten-
sities in GP (all nine Group 1 cases) and Group 2 patients 
with abnormal T2W signal intensity changes in GP (24 of 
39 cases) were examined with MRS. After defining the size 
and location of the lesions in routine T1WI and T2WI MRI 
sequences, short and long TR/TE 1500/30–135 single voxel 
brain 1H-MRS was performed. The voxel sizes were at least 
1×1×1 cm and maximally 2×2×2 cm. Normal and affected 
brain tissues were examined. The NAA, Cr, Cho, NAA/Cr, 
NAA/Cho, and Cho/Cr values were evaluated visually and 
by computer analysis. The brain MRS values were com-
mented on in the light of the healthy control group scale 
reported by Kreis et al. [10].

Statistical analysis: The mean, standard deviation, and 
minimum and maximum values were referred to as con-
tinuous variables, and the categorical variables were 
expressed as numbers and percentages. The Mann-Whitney 
U test was used in the comparison of continuous variables. 
Moreover, the one-sample t-test was used in the compari-
son of Group 1a and 1b with the control group. The statis-
tical analysis was performed with SPSS software (version 
13.0). The probability level of less than 0.05 was considered 
significant.

Results

Neurological physical examinations were carried out at 
the initial admission of Group 1 cases, and the findings 
were as follows: hypotonia, lack of nursing, and leth-
argy. In Group 1, the mean age was 5.22±1.7 days (2–8 
days), and the mean gestational age was 37.89±2.1 weeks 
(35–40 weeks). The mean weight and mean birth weight 
of Group 1 patients were 2615±451.3 g (2000–3280 g) and 
2791±407.99 g (2300–3300 g), respectively. The mean TSB 
was 31.1±4.9 mg/dL (26–40 mg/dL). Two cases (22.2%) with 
Rh mismatch and three cases with ABO mismatch (33.3%) 
were determined in Group 1. High bilirubin levels with 

Figure 1.  A 23-day-old female, T1-weighted MRI demonstrated an 
increased intensity in the bilateral globus pallidus and 
mesencephalon.
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Patient/
sex

Initial MRI Control MRI

T1WI T2WI FLAIR T1WI T2WI FLAIR

1/F Increased signal 
intensity in bilateral GPi 
and mesencephalone

Normal Normal Normal Normal Normal

2/F Increased signal 
intensity in bilateral GPe 
and GPi

Increased signal 
intensity in 
hippocampus, 
minimally decreased 
signal intensity due 
to white matter 
myelination delay 

Increased signal 
intensity in the 
hippocampus

Mild lateral 
ventricular 
dilatation and 
minimal diffuse 
callosal thinning

Mild lateral 
ventricular 
dilatation and 
minimal diffuse 
callosal thinning

Mild lateral 
ventricular 
dilatation and 
minimal diffuse 
callosal thinning

3/M Increased signal 
intensity in bilateral GPi

Minimal callosal 
thinning 

Normal Normal Minimally 
increased signal 
intensity in GPi 
and GPe

Normal

4/M Increased signal 
intensity in bilateral GPi 
and mesencephalone

Normal Normal Normal Bilateral 
increased signal 
intensities in the 
white matter 
adjacent to the 
occipital and 
frontal horns 
of the lateral 
ventricle

Bilateral increased 
signal intensities 
in the white 
matter adjacent 
to the occipital 
and frontal horns 
of the lateral 
ventricles

5/F Increased signal 
intensity in bilateral GPi, 
GPe, mesencephalone, 
caudate nucleus and 
lentiform nucleus. 

Normal Normal

6/M Increased signal 
intensity in bilateral GPi 
and mesencephalone

Normal Normal Normal Normal Normal

7/F Increased signal 
intensity in bilateral 
GPe and GPi, Minimally 
decreased signal 
intensity in the white 
matter due to cerebral 
prematurity

Minimally increased 
signal intensity in the 
white matter due to 
cerebral prematurity

Minimally 
increased signal 
intensity in the 
white matter 
due to cerebral 
prematurity

Normal Normal Normal

8/F Increased signal 
intensity in bilateral 
GPe and GPi, Minimally 
decreased signal 
intensity in the white 
matter due to cerebral 
prematurity

Minimally increased 
signal intensity in the 
white matter due to 
cerebral prematurity

Minimally 
increased signal 
intensity in the 
white matter 
due to cerebral 
prematurity

Normal Normal Normal

9/M Increased signal 
intensity in bilateral 
GPe and GPi, Minimally 
decreased signal 
intensity in the white 
matter due to cerebral 
prematurity

Minimally increased 
signal intensity in the 
white matter due to 
cerebral prematurity

Minimally 
increased signal 
intensity in the 
white matter 
due to cerebral 
prematurity

Table 1. Group 1 initial and control MRI findings.
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unexplained etiology (idiopathic) were revealed in four 
cases (44.4%).

In all Group 1 cases, bilateral, symmetrical, abnormally 
increased signal intensities in the globus pallidus were 
determined by T1WI (Figure 1). Premature signal inten-
sity changes were revealed in three cases, but no addi-
tional abnormal changes were obtained in T2WI or FLAIR 
sequences. After therapy, control MRI examinations were 
performed in seven cases; four cases had normal MRI 
findings. Mild lateral ventricular dilatation and mini-
mal diffuse callosal thinning was determined in one case. 
Minimally increased signal intensity in the globus pallidus 
externa and interna was detected by T2WI in one case; the 
T1WI and FLAIR sequences were normal. T2WI and FLAIR 
showed increased signal intensities in the white matter 
adjacent to the occipital and frontal horns of the lateral 
ventricle in one case. The initial and control MRI findings 
of Group 1 cases are summarized in Table 1.

The MRS findings of preterm newborns from Group 1a were 
as follows: the mean value of NAA was 2.45±0.97 mmol/
kg (normal control group value: 2.5±0.6 mmol/kg), and the 
mean value of Cho was 3.73±1.54 mmol/kg (normal control 
group value: 2.1±0.4 mmol/kg). There was no statistically 
significant difference between the NAA-Cho levels of Group 
1a cases and the normal control group values reported by 
Kreis et al. [10] (P=0.921 and P=0.147, respectively). The 
mean value of Cr was significantly lower than in the control 
group (2.48±1.1 mmol/kg [control group: 4.5±0.4 mmol/kg], 
P<0.005). The mean NAA/Cr ratio was 1.02±0.14 mmol/kg 

(control group: 0.56±0.00 mmol/kg), and the mean Cho/Cr 
ratio was 1.54±0.22 mmol/kg (control group: 0.47±0.00 
mmol/kg). These values were both significantly higher than 
in the control group (P<0.05). The mean NAA/Cho ratio was 
0.66 ± 0.07 mmol/kg (control group: 1.19±0.00 mmol/kg), 
and that value was statistically lower than in the control 
group (P<0.05). The MRS findings and comparisons with 
normal values are summarized in Tables 2 and 3.

The MRS findings of term newborns from Group 1b 
were as follows: the mean values of NAA and Cho were 
3.26±2.24 mmol/kg (control group: 3.4±0.5 mmol/kg) and 
3.63±1.90 mmol/kg (control group: 2.2±0.3 mmol/kg), 
respectively. Both mean NAA and Cho values showed no 
statistically significant difference when compared with 
control group values reported by Kreis et al. [10] (P=0.892 
and P=0.169, respectively). The mean value of Cr was 
significantly lower than in the control group (2.69±1.48 
mmol/kg [control group: 4.8±0.5 mmol/kg], P<0.005). The 
mean NAA/Cr ratio value was 1.19±0.33 mmol/kg (control 
group: 0.71±0.00 mmol/kg), and the mean Cho/Cr ratio 
value was 1.39±0.26 mmol/kg (control group: 0.46±0.00 
mmol/kg). Both mean NAA/Cr and Cho/Cr values were sig-
nificantly higher than in the control group (P<0.05). The 
mean NAA/Cho ratio was 0.87±0.27 mmol/kg (control 
group: 1.55±0.00 mmol/kg), and that value was statistical-
ly lower than in the control group (P<0.05) (Tables 4 and 5; 
Figure 2).

The mean NAA, Cho, and Cr values, and mean NAA/Cho, 
NAA/Cr, and Cho/Cr ratio values were compared between 

Patient/sex/age 
(day) 

TE 
(msec)

NAA 
(mmol/kg)

Cho 
(mmol/kg)

Cr 
(mmol/kg) NAA/Cr NAA/Cho Cho/Cr

1/F/26 135 3.63 5.41 3.40 1.06 0.67 1.59

2/F/26 135 2.77 4.64 3.39 0.81 0.58 1.36

3/F/18 135 2.00 2.64 1.92 1.41 0.75 1.37

4/M/25 135 1.39 2.21 1.20 1.15 0.62 1.84

Table 2. Group 1a (preterm infants) MRS values.

Normal values for preterm infants (Mean ± standard deviation): NAA – 2.5±0.6 mmol/kg; Cho – 2.1±0.5 mmol/kg; Cr – 4.5±0.4 mmol/kg; 
NAA/Cho – 1.99; NAA/Cr – 0.56; Cho/Cr – 0.47; [11].

Metabolites
Group 1a Control group

Mean St. deviation Min. Max. Mean St. deviation P

NAA 2.45 0.97 1.39 3.63 2.50 0.60 0.921

Cho 3.73 1.54 2.21 5.41 2.10 0.40 0.147

Cr 2.48 1.10 1.20 3.40 4.50 0.40 0.050

NAA/Cho 0.66 0.07 0.60 0.76 1.19 0.00 0.050

NAA/Cr 1.02 0.14 0.82 1.16 0.56 0.00 0.013

Cho/Cr 1.54 0.22 1.37 1.84 0.47 0.00 0.001

Table 3. Group 1a (preterm infants) MRS values compared with the healthy control group.

Min. – minimum; Max. – maximum; St. deviation – standard deviation.
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Group 1a and 1b (preterm–term) cases, and no statistical 
difference was determined (P=0.730, P=0.905, P=0.905, 
and P=0.063, P=0.556, P=0.413, respectively) (Table 6).

Group 2 comprised 39 patients with chronic kernicterus. 
Depending on the accessible archive data, the mean birth 
weight of 20 patients was 3840±483.8 g (1825–3840 g), and 
the mean gestational weeks of 26 patients were 38.9±2 
weeks (32–40 weeks). Mean TSB at admission was 
34.2±7.02 mg/dL (25–45 mg/dL). Rh mismatch was found 
in nine patients (23%). ABO mismatch was determined in 
nine patients (23%), and glucose-6-phosphate dehydroge-
nase deficiency was found in one patient (2.6%). The etiol-
ogy of hyperbilirubinemia in the remaining 20 patients was 
unknown (idiopathic, 51.3%). The findings of the kernicter-
us-related neurological physical examination were: strabis-
mus in one case (2.6%), seizure in one case (2.6%), cerebral 
palsy in 19 cases (48.7%), seizure in cerebral palsy in 15 
cases (38.4%), seizures and strabismus in cerebral palsy in 
one case (2.6%), and hearing loss in cerebral palsy in one 
case (2.6%). These findings were present in 38 patients 
(97.4%), and one case was physically normal (Table 7).

The mean age of Group 2 patients was 16.77±22.2 months 
(1–108 months) at the initial MR examination. Nine 
patients (23%) had normal MRI findings. Abnormal cer-
ebral MRI changes in the remaining 30 patients (76.9%) 
were: symmetrical increased signal intensities on T2WI in 
GP in 24 patients (61.5%, most common pathological MRI 
finding), Dandy–Walker malformation in one case (2.6%), 

Patient/sex/
age(day) 

TE 
(msec)

NAA 
(mmol/kg)

Cho 
(mmol/kg)

Cr 
(mmol/kg) NAA/Cr NAA/Cho Cho/Cr

1/M/17 135 2.08 2.71 1.5 1.38 0.76 1.80

2/M/10 135 1.12 1.41 1.03 1.08 0.79 1.36

3/F/18 135 4.28 6.15 4.34 0.93 0.69 1.41

4/M/18 135 2.12 2.89 2.54 0.83 0.73 1.31

5/F/29 135 6.68 4.98 4.06 1.64 1.34 1.21

Table 4. Group 1b (Term infants) MRS values.

Normal values for term infants (Mean ± standard deviation); NAA – 3.4±0.5 mmol/kg; Cho – 2.2±0.3 mmol/kg; Cr – 4.8±0.5 mmol/kg; 
NAA/Cho – 1.55; NAA/Cr – 0.71; Cho/Cr – 0.46) [11].

Metabolites
Group 1b Control group

Mean St. deviation Min. Max. Mean St. deviation P

NAA 3.26 2.24 1.12 6.68 3.40 0.50 0.892

Cho 3.63 1.90 1.41 6.15 2.20 0.30 0.169

Cr 2.69 1.48 1.03 4.34 4.80 0.50 0.034

NAA/Cho 0.87 0.27 0.70 1.34 1.55 0.00 0.005

NAA/Cr 1.19 0.33 0.83 1.65 0.71 0.00 0.030

Cho/Cr 1.39 0.26 1.14 1.81 0.46 0.00 0.001

Table 5. Group 1b (term infants) MRS values compared with the healthy control group.

Min. – minimum; Max. – maximum; St. deviation – standard deviation.

Figure 2.  A 17-day-old male, single voxel MR spectroscopic 
examination demonstrated a decrease in Cr and NAA/Cho 
ratios, and an increase in NAA/Cr and Cho/Cr ratios.
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cerebral atrophy in one case (2.6%), bifrontal mild sulcal 
enlargement in one case (2.6%), mild thinning of the cal-
losal splenium and white matter with patches of increased 
signal intensity on the left side in one case (due to hypomy-
elination, 2.6%), enlargement of the third and lateral ven-
tricles and cerebral fissures in one case (2.6%), cavum sep-
tum pellucidum et vergae in one case (2.6%), pathologically 

increased signal intensities along the bilateral corticospinal 
tracts due to delayed myelination in one case (2.6%), mildly 
increased signal intensities in the lentiform nuclei in one 
case (2.6%), diffuse thinning in the corpus callosum in one 
case (2.6%), and patches of increased signal intensity adja-
cent to the occipital horns of the lateral ventricle in one 
case (2.6%).

The MRS findings of Group 2 patients (24 of 39 cases) were 
as follows: the mean value of NAA was 3.98±1.58 mmol/kg 
(control group: 2.5±0.6 mmol/kg) and the mean value 
of Cho was 3.39±1.27 mmol/kg (control group: 2.1±0.4 
mmol/kg). There was a significant difference between the 
NAA-Cho levels of Group 2 cases and the control group 
values reported by Kreis et al. [10] (P=0.001 and P=0.001, 
respectively). The mean value of Cr was lower than in the 
control group (3.06±1.23 mmol/kg [control group: 4.5±0.4 
mmol/kg], P<0.005). The mean NAA/Cr ratio was 1.32±0.23 
mmol/kg (control group: 0.56±0.00 mmol/kg), and the 
mean Cho/Cr ratio was 1.11±0.35 mmol/kg (control group: 
0.47±0.00 mmol/kg). Those values were significantly higher 
than in the control group (P<0.05). The mean NAA/Cho ratio 
value was 1.21±0.27 mmol/kg (control group: 1.19±0.00 
mmol/kg), and that value was similar to the control group 
value (P=0.938). The MRS findings and comparisons with 
normal values are summarized in Table 8.

Seven patients (77.7%) were treated with phototherapy 
after blood exchange transfusion, and two patients (22.3%) 
were treated with phototherapy only in Group 1. Among 
Group 2 patients, 19 cases (48.7%) were treated with blood 
exchange transfusion and phototherapy while 10 cases 
(25.6%) were treated with phototherapy only and 10 cases 
(25.6%) with blood exchange transfusion only.

Discussion

Due to several etiologies (blood type mismatches, sepsis, 
enterohepatic circulation upregulation, enzyme deficien-
cies, bilirubin conjugation failures), hyperbilirubinemia 
may cause neurological disorders in newborns [11–14]. This 
entity is entitled kernicterus and generally occurs in hyper-
bilirubinemia if there was no treatment or the treatment 
was delayed. Treatment modalities include blood exchange 
and/or phototherapy [13]. Hyperbilirubinemia-related 
encephalopathy is initially detected during neurological 

Metabolites
Group 1a Group 1b

Mean St. deviation Min. Max. Mean St. deviation Min. Max. p

NAA 2.45 0.97 1.39 3.63 3.26 2.24 1.12 6.68 0.730

Cho 3.73 1.54 2.21 5.41 3.63 1.90 1.41 6.15 0.905

Cr 2.48 1.10 1.20 3.40 2.69 1.48 1.03 4.34 0.905

NAA/Cho 0.66 0.07 0.60 0.76 0.87 0.27 0.70 1.34 0.063

NAA/Cr 1.02 0.14 0.82 1.16 1.19 0.33 0.83 1.65 0.556

Cho/Cr 1.54 0.22 1.37 1.84 1.39 0.26 1.14 1.81 0.413

Table 6. Comparison of the MRS values of patients in group 1a and group 1b.

Min. – minimum; Max. – maximum; St. deviation – standard deviation.

Sex (M/F) 29/10

Birth weight: (gram) (mean ±SD) 2923±483.8

Total serum bilirubin: (mg/dL) (mean ±SD) 34.2±7

Treatment n (%)

 Blood exchange and phototherapy 19 (48.7)

 Blood exchange transfusion 10 (25.6)

 Phototherapy 10 (25.6)

Etiology n (%)

 Idiopathic 20 (51.3) 

 Rh incompatibility 9 (23)

 ABO incompatibility 9 (23)

 Glucose-6-phosphate dehydrogenase deficiency 1 (2.56)

Age at physical examination: (years) (mean ±SD) 3.0±2.7

Age at MRI examination: (months) (mean ±SD) 16.7±22.2

Neurological symptoms n (%)

 Cerebral palsy 19 (48.7)

 Cerebral palsy and epilepsy 15 (38.5)

 Normal neurological examination 1 (2.56)

 Cerebral palsy, epilepsy and strabismus 1 (2.56)

 Strabismus 1 (2.56)

 Epilepsy 1 (2.56)

 Cerebral palsy and hearing loss 1 (2.56)

Table 7. Clinical and radiological findings of cases from Group 2.
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physical examination, with findings such as lethargy, lack 
of nursing, opisthotonos, and bawling. Early encephalop-
athy symptoms could be similar to sepsis, asphyxia, and 
hypoglycemia [15]. Early neurological complications indi-
cate poor prognosis [16]. In our study, the acute findings in 
Group 1 patients were hypotonia, lack of nursing, and leth-
argy. The chronic neurological sequelae of Group 2 patients 
were cerebral palsy, seizure, strabismus, and hearing loss 
(Table 7).

TSB levels of over 25–30 mg/dL can cause kernicterus [17]. 
In our study, the mean TSB levels of Group 1 and Group 2 
cases were 31.1±4.9 mg/dL and 34.2±7.02 mg/dL, respec-
tively. Hyperbilirubinemia encephalopathy, called ker-
nicterus, occurs when bilirubin levels exceed albumin-
binding capacity or if there is blood–brain barrier imma-
turity or damage, especially in premature and low birth 
weight babies [18]. Bilirubin neurotoxicity primarily dam-
ages the globus pallidus, subthalamic nucleus, substantia 
nigra, hippocampus, hypothalamus, nucleus of the 8th cra-
nial nerve, inferior olivary nucleus, dentate nucleus, and 
certain thalamic nuclei [19]. A characteristic lesion form is 
symmetrical with temporary globus pallidus involvement 
[20]. MRI examinations have revealed that posteromedial 
globus pallidus is a more sensitive site of involvement in 
kernicterus [21]. Changes in thalamic and subthalamic 
nucleus signal intensity have also been reported [22–24]. 
The reason for this selective involvement pattern is 
unknown. Although certain parts of the brain are involved, 
changes in MRI signal intensity are especially distinct 
within the globus pallidus [23]. T2WI hyperintensity in the 
globus pallidus is a characteristic finding of late-term ker-
nicterus, and was detected in 24 cases of Group 2 patients 
(61.5%) in our study.

There are limited studies regarding cerebral MRG and MRS 
changes in acute kernicterus. Cerebral MRI findings of 
acute kernicterus were initially reported in an eight-day-
old infant by Penn et al. [25]. In that study, high-intensity 
lesions in T1WI were detected in the GP, internal capsule, 
and thalamus. After eight days, follow-up MRI sequences 
revealed abnormal T1WI signal increases in the hippocam-
pus. The most striking finding in T2WI was diminishing 
demarcation of the GP, internal capsule, and anterior thala-
mus. In our study, one patient in Group 1 showed FLAIR 
and T2WI signal increase in the hippocampus. Haris et al. 

reported cerebral MRI findings of four acute kernicterus 
cases (ages 5–21 days): T1WI hyperintensity in GP was 
reported in one case, and that change was not visible after 
3–24 months in a follow-up MRI (that was the first study 
that revealed the temporality of MRI changes in kernicter-
us) [26]. The report also stated that there was no correlation 
between abnormal signal changes in T1WI and the long-
term prognosis of the disease, but we believe that more 
extensive studies are necessary to reach the final conclu-
sion. In our study, signal increases within GP were demon-
strated in T1W1 during the acute phase of all Group 1 cases. 
Additionally, T2WI and FLAIR images revealed mild cere-
bral white matter changes due to prematurity in four cases.

Martich-Kriss et al. [16] reported one-year follow-up MRI 
findings of a neurologically defective kernicterus infant. 
Bilateral T2 hyperintensity in GP was detected in the ini-
tial MRI when the infant was 18 days old, and that finding 
was still present in the six-month and one-year follow-up 
exams. We reported the results of the 4–6-month follow-up 
of seven patients from Group 1. In four cases, T1WI, T2WI, 
and FLAIR MRI sequences were normal. Mild enlargement 
of the lateral ventricles and minimal diffuse callosal thin-
ning was detected in one case. Mild T2WI hyperintensi-
ties within GPi (globus pallidus interna) and GPe (globus 
pallidus externa) were detected in one case. In FLAIR and 
T2WI sequences, patches of increased signal intensity in 
the white matter adjacent to the occipital and frontal horns 
of the lateral ventricles were detected in one case.

We recommend further studies to reveal the relationship 
between acute-phase abnormal T1WI findings and chronic-
phase T2WI MRI changes of kernicterus and the prognos-
tic significance of these findings. Contrary to well-known 
T2WI signal increases within GP in chronic kernicterus, 
acute kernicterus cases reveal common and characteristic 
T1WI hyperintensity of GP.

Wang et al. [27] searched MRI findings of 24 kernicterus 
cases (age 6–18 days; two preterm and 22 term infants), 
and showed that increased signal intensity on T2WI in the 
basal ganglia and thalamus is a rare finding in acute ker-
nicterus. However, GP hyperintensity on T1WI in 19 cases 
and subthalamic nucleus hyperintensity on T1WI in 10 
cases were reported. In our study, there was no T2WI sig-
nal intensity change in nine acute kernicterus cases.

 Metabolites
Group 2 Control group

Mean St. deviation Min. Max. Mean St. deviation  p

NAA 3.98 1.58 1.40 5.80 2.50 0.60 0.001

Cho 3.39 1.27 1.00 5.00 2.10 0.40 0.001

Cr 3.06 1.23 1.10 4.90 4.50 0.40 0.001

NAA/Cho 1.21 0.27 0.60 1.80 1.19 0.00 0.938

NAA/Cr 1.32 0.23 0.75 0.73 0.56 0.00 0.001

Cho/Cr 1.11 0.35 0.00 1.84 0.47 0.00 0.001

Table 8. Group 2 MRS values compared with the healthy control group.

Min. – minimum; Max. – maximum; St. deviation – standard deviation.
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T1WI hyperintensity within GP has also been reported in 
the literature in relation to asphyxia, hepatic disorders, 
neurofibromatosis, total parenteral nutrition, and meta-
static melanoma [28–31], but clinical manifestations gen-
erally help clinicians to differentiate these states from 
kernicterus.

Glutamate, the most common excitatory neurotransmitter 
of the brain, is excreted to the synaptic gaps by presyn-
aptic neurons while excitatory synapse activation is con-
verted to glycine by astrocytes after uptake [32]. Bilirubin 
inhibits glutamate uptake by astrocytes. Disruption of glu-
tamate uptake and the glutamate–glycine cycle results in 
an increased Glu/Cr ratio in the synaptic gaps. Increased 
extracellular glutamate concentrations cause hyperexcita-
tion of the postsynaptic neurotransmitter receptors (includ-
ing N-methyl-D-aspartate, or NMDA), which can cause 
excitotoxic neuronal deaths [9]. Neuron culture-based 
in-vitro studies showed that bilirubin can be responsible 
for increased NMDA-receptor sensitivity. Taurine (2-ami-
noethanesulfonic acid) is classified as a single amino acid 
and plays an important role as a salt molecule in bile 
acid conjugation. Taurine is necessary for detoxifica-
tion in the liver and essential for preventing excitotoxic-
ity in the brain as an osmoregulator and neuromodulator 
[33]. Hyperexcitation of NMDA receptors induces taurine 
secretion and a high Tau/Cr ratio as a result of glutamate 
hypersecretion occurring in conclusion [34]. Intermediate-
to-high levels of neuronal loss, demyelination, and gliosis 
are reported at the basal ganglions in the autopsies of ker-
nicterus infants [35].

Wang et al. reported MRS findings of 24 kernicterus cases 
(age 6–18 days; two preterm and 22 term infants) and 
results of a statistical comparison with the control group. 

Decreased NAA/Cho and NAA/Cr levels were revealed [27]. 
Similar to the study of Wang et al., Wu et al. (36) report-
ed that the peak area ratios of NAA/Cr and NAA/Cho in the 
basal ganglia were significantly lower for their kernicter-
us group compared to the control group (P<0.05). In the 
study, the NAA/Cr ratio reduction was related to neuronal 
axonal loss/disorder and an abnormal increase in gliosis. 
In our study, NAA/Cho levels were similarly decreased in 
Groups 1a and 1b (P<0.05), but an elevated NAA/Cr ratio 
was established in all cases (P<0.05).

In Group 2, increased NAA/Cr and Cho/Cr levels were evi-
dent (P<0.05), but the NAA/Cho ratio was similar to the 
control group (P=0.938). The NAA and Cho levels of Group 
2 were increased, while the Cr levels were decreased in 
comparison to the control group (P<0.005).

Cerebral MRS findings were investigated in six kernicter-
us infants (3–21 days old) by Oakden et al. [37]. Elevated 
Tau/Cr, Glx/Cr, and MI/Cr levels and decreased Cho/Cr lev-
els were found (P<0.001). No statistically significant differ-
ence was obtained for NAA/Cr levels (P>0.05). In our study, 
the Cr levels of Group 1a and 1b were decreased compared 
to the control group (P<0.005). However, contrary to the 
study of Oakden et al., in our study the Cho/Cr and NAA/Cr 
levels were increased (P<0.05) in comparison to the control 
group reported by Kreis et al. [10].

Conclusions

MR imaging and 1H-MRS are important complementary 
tools in the diagnostics of neonatal bilirubin encephalopa-
thy. This study provided important information for apply-
ing these MR modalities in the evaluation of neonates with 
bilirubin encephalopathy.
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