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INTRODUCTION
Crigler- Najjar syndrome (CNs) is a rare autosomal reces-
sive disorder characterized by the absence or decreased 
activity of UDP- glucuronosyltransferase, an enzyme 
required for glucuronidation of unconjugated bilirubin 
in the liver. The disease severity depends upon the 
number of enzymes produced required for the glucuro-
nidation of bilirubin. CNs has two types; type I which is 
the most severe form with a complete absence of UDP- 
glucuronosyltransferase enzyme activity, and type II 
is less severe with a decreased level of enzyme activity. 

Central nervous system affection by kernicterus is mainly 
detected in CNs type I. Patients are presented mainly 
with jaundice due to the inability to conjugate bilirubin. 
The increased concentration of unconjugated bilirubin 
is the main cause of clinical manifestations. Newborns 
present with hyperbilirubinemia, and other neurological 
manifestations progressively develop later. Unconjugated 
hyperbilirubinemia leads to devastating encephalopathy 
due to bilirubin deposition in the cranial nerves, hippo-
campus, subthalamic nuclei, and basal ganglia (mainly 
globus pallidus).1–4
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Objective The aim of this study is to demonstrate the 
role of proton magnetic resonance spectroscopy (1H- 
MRS) in the detection of brain microstructural changes 
in patients with Crigler- Najjar syndrome type- I (CNs- I), 
and its correlation with demographic, neurodevelop-
mental and laboratory findings.
Methods Prospective study was conducted on 25 chil-
dren with CNs- I and 25 age and sex- matched children, 
who served as control. They underwent multivoxel 
1H- MRS of basal ganglion at echo time 135–144 ms. 
N- acetyl aspartate/Creatine (NAA/Cr) and Choline (Ch)/
Cr were calculated and correlated with demographic, 
clinical, and laboratory findings of patients with CNs- I.
Results There was a significant difference in NAA/Cr and 
Ch/Cr between patients and controls. The cut- off value 
for NAA/Cr and Ch/Cr used to differentiate patients 
from controls were 1.8 and 1.2 with an area under the 
curve (AUC) of 0.91 and 0.84 respectively. There was 
a significant difference in MRS ratios between patients 

with neurodevelopmental delay (NDD) and patients 
without NDD. The cut- off values for NAA/Cr and Ch/
Cr used to differentiate between patients with NDD and 
patients without NDD were 1.47 and 0.99, with AUC of 
0.87 and 0.8 respectively. The NAA/Cr and Ch/Cr were 
well correlated with family history (p = 0.006 and p < 
0.001) respectively, consanguinity (p < 0.001 and p = 
0.001), neurodevelopmental delay (p = 0.001 and p = 
0.004), serum bilirubin level (r = −0.77, p < 0.001), (r = 
−0.49, p = 0.014), phototherapy (p < 0.001 and p = 0.32), 
blood transfusion (p < 0.001 and p = 0.001) respectively.
Conclusion 1H- MRS can be a useful tool in the detection 
of neurological changes in patients with CNs- I; NAA/Cr 
and Ch/Cr parameters are well correlated with demo-
graphic, clinical, and laboratory findings.
Advances in knowledge Our study is the first report 
on using MRS in assessing neurological manifestations 
in CNs. 1H- MRS can be a useful tool in the detection of 
neurological changes in patients with CNs- I.
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Patients also may have a severe neurological impairment which 
can progress to cerebral palsy. Treatment of all patients with 
CNs- I, and some patients with CNs- II, is by using intensive 
phototherapy; daily intermittent phototherapy (about 6–12 h 
per day) is the mainstay for treatment. This can improve early 
neurological manifestations of bilirubin toxicity if treatment is 
initiated immediately. Orthotopic liver transplantation and gene 
therapy are the treatments of choice used to replace the missing 
enzyme.4–10

MR imaging
Conventional MRI can detect bilirubin- induced encepha-
lopathy; it shows signal abnormalities in the basal ganglionic 
regions that differ according to the stage of affection whether 
acute or chronic. In acute encephalopathy, an abnormal high 
signal could be seen mainly affecting the globus pallidus and 
subthalamic nucleus on T1WI, while T2- signal in these regions 
is often unremarkable or shows subtle hyperintensity. In chronic 
encephalopathy, there is an abnormally high T2 signal at the sites 
of involvement. Signal changes that occur during the normal 
myelination process, as well as signal variability during the 
disease, affects the sensitivity and specificity of conventional 
MRI, even MRI can appear completely normal in the presence of 
bilirubin encephalopathy.11–20

MRS
Proton magnetic resonance spectroscopy (1H- MRS) is an 
advanced, non- invasive MR technique that has great potential in 
the diagnosis and follow- up of patients having bilirubin enceph-
alopathy through monitoring of brain metabolism. It can detect 
signals from protons of small molecules in the cerebral tissue. 
The major peaks of 1H- MRS spectrum are N- acetyl aspartate 
(NAA), Creatine (Cr), and Choline (Ch).21–27

NAA and choline peaks are better delineated in the intermediate 
MRS study (echo time (TE) 135–144 ms). NAA shows the largest 
peak of the spectra; it is located primarily in neuronal tissues, so 
can be used as a marker for neuronal density and integrity. It is 
markedly reduced or even absent in any disease leading to axonal 
loss. Cr signal is a marker for intracellular energy and its peak is 
used as an internal reference standard for characterizing other 
peaks of brain tissues. Ch peak in MRS spectra reflects increased 
cell membrane synthesis and thus increased cellularity.28

Decreased NAA/Cr and Ch/Cr ratios in the basal ganglia of 
patients with bilirubin encephalopathy indicate neuronal and 
axonal loss or dysfunction together with abnormal gliosis.25

To the best of our knowledge, this study is the first to use 1H- MRS 
in the detection and assessment of neurological manifestations 
in CNs. Specific novel findings on MRS might be a useful tool 
in the detection of neurological changes in patients with CNs- I. 
Early detection and proper management of CNs- I patients may 
decrease the risk of developing bilirubin encephalopathy and 
neurological complications.

In our study, we aim to demonstrate the added role of 1H- MRS 
as a non- invasive MR imaging technique in monitoring brain 

metabolism in patients with CNs- I and correlating it with the 
demographic, clinical, and laboratory findings.

METHODS
Patients
This is a prospective multicenter study; three centers were 
involved. The study was carried out in the period from April 
2018 to August 2020. Ethics committee approval was obtained, 
and informed consent was signed from the legal guardians of 
children and controls before they participated in the study. The 
study included 25 children with CNs- I, and 25 children served 
as controls. The control group was coming for an MRI examina-
tion due to other causes unrelated to CNs (e.g. headache, blur-
ring of vision). Patients’ inclusion criteria included clinically and 
laboratory- confirmed patients with CNs- I; clinical and labora-
tory diagnosis was based on the presence of severe unconjugated 
hyperbilirubinemia developing within the first three days of life 
and progress in an unremitting fashion with normal liver func-
tion, absence of hemolysis, and absence of manifestation of any 
chronic liver disease. Genetic confirmation was not available. 
Personal data (age, gender, family history, and consanguinity), 
medical history including neonatal intensive care (NICU) admis-
sion, phototherapy utilization, blood transfusion, and neurode-
velopmental delay were noted. Exclusion criteria included the 
presence of cognitive and neurological deficits or psychiatric 
illness or other major medical disorders in the control group. 
Patients with other causes of indirect hyperbilirubinemia or with 
direct hyperbilirubinemia and patients who refused to partici-
pate in the study were also excluded. Routine MRI examination 
with proton MRS was done for all patients and controls.

Clinical assessment
Full general, physical, and neurological examinations were done 
by skilled pediatric neurologists. The assessment was done for 
extrapyramidal symptoms and minor signs such as neuromus-
cular incoordination, abnormities of muscle tone, and reflexes 
and motor power according to Touwen’s infant neurological 
examination29 and Touwen’s test modified by Hadders- Algra et 
al.30

Laboratory assessment
Serial serum bilirubin levels were done to all patients which indi-
cated the disease severity.

Conventional MR
Routine MRI was performed using an MR scanner 1.5- Tesla 
machine (Ingenia, Philips, Amsterdam, the Netherlands), with a 
standard circularly polarized head coil. Chloral hydrate sedation 
was used in young unco- operative children (n = 9). The conven-
tional imaging protocol consisted of axial T1-, T2 weighted 
imaging, and fluid- attenuated inversion recovery (FLAIR) 
images. The imaging parameters were repetition time (TR)/TE 
= 500/14 ms for T1WI and 5000/86 ms for T2WI, field of view 
(FOV) = 240×240 mm, slice thickness = 5 mm, and interslice 
gap = 0.4 mm. Diffusion- weighted images (DWIs) were obtained 
using a multislice, spin echo, echoplanar image sequence. A 
set of multiple axial scans were obtained. The diffusion gradi-
ents were applied in three orthogonal directions (x, y, and z). 
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Diffusion images were acquired with a diffuse b factor of 0, 600 
and 1000 mm2/s, and apparent diffusion coefficient maps were 
reconstructed.

MRS protocol
Multivoxel MRS technique data were collected using PRESS 
with chemical–shift- selective water suppression. An automated 
shimming procedure for the water was performed aiming at a 
homogenous magnetic field. Automatic adjustment of the shim-
ming and water suppression was done. Baseline correction and 
curve fitting were performed afterward. Spectral parameters 
were as follow: using intermediate TE = 144 and TR = 1500 
ms: band with = 1000 Hz: average = 4; slice thickness = 10 mm; 
matrix size = 16×6; and FOV = 160×160 mm. The spectro-
scopic region of interest is the basal ganglionic region (mainly 
the Globus pallidus). The spatial resolution of the MRS images 
obtained was 1×1×1 cmᶟ. The peaks fitted included 3.22 ppm 
for Ch, 3.03 ppm for Cr, and 2.00 ppm for NAA. By using stan-
dardized post- processing protocols, the raw data are processed 
automatically, allowing for operator- independent quantifica-
tions. To minimize the amount of arbitrary operator input, no 
use was made of the possibility of retrospective voxel shifting. 
The integrals of Ch and Cr were calculated. The ratios of inte-
grals of various metabolites calculated concerning Cr included 
NAA/Cr and Ch/Cr.

Image analysis
Conventional MR images (T1WI, T2WI, FLAIR, and DWI) 
were examined in all cases. 1H- MRS images were evaluated in 
consensus by two expert neuroradiologists (TS, AE), with 20 
and 12 years’ experience, respectively. They were blinded to the 
clinical and laboratory findings. Assessment of the resonance of 
NAA peak, Cr and Ch peaks was done as well as the metabolite 
ratios of NAA/Cr and Ch/Cr were calculated.

Statistical analysis
Data were statistically described in terms of mean ± standard 
deviation (± SD), median and range, or frequencies and percent-
ages when appropriate. For comparing numerical variables, the 
Student’s t- test was used for independent samples when normally 
distributed and Mann–Whitney U test when not normally 
distributed. For comparing categorical data, χ2 test was done. 
The exact test was used instead when the expected frequency; 
<5. Correlation between variables was done using the Pearson 
moment correlation equation for linear relation in normally 
distributed variables and the Spearman rank correlation equa-
tion for non- normal. Probability (p) values of <0.05 were consid-
ered statistically significant. All statistical calculations were 
done using the computer program SPSS (Statistical Package for 
the Social Science; SPSS Inc., Chicago, IL) v. 15 for Microsoft 
Windows.

Categorial variables included sex, family history, consanguinity, 
NDD, therapy type and NICU admission.

Quantitative variables included age, serum bilirubin, NAA/Cr, 
and Ch/Cr.

ROC curve analysis was done for patients with NDD and 
patients without NDD using NAA/Cr and Ch/Cr. ROC curve 
analysis was used to assess the diagnostic performance of NAA/
Cr and Ch/Cr in differentiating symptomatic from asymptom-
atic cases, sensitivity and specificity were detected from the curve 
by selecting the best cut- off point, and positive- predictive value, 
negative- predictive value, and accuracy were calculated through 
cross- tabulation after transformation of the continuous variable 
into nominal variable according to selected cut- off point, the 
area under the curve (AUC) is considered good if >0.7.

RESULTS
Demographic and clinical characteristics
Table  1 shows the demographic, clinical, and laboratory data 
of patients and controls. Our study included 25 patients with 
CNs- I, 13 males and 12 females, with ages ranging from 0.3 to 13 
years, with a mean ± SD of 4.5 ± 3.7. The control group included 
25 children who had MRI and MRS studies performed for other 
non- related causes. They were 16 males and 9 females. Their age 
ranged from 0.8 to 10 years with a mean ± SD of 5.6 ± 2.8. Signif-
icant statistical results were found regarding the patient’s family 
history and consanguinity; positive family history of the same 
disease condition was detected in 14 cases (56%) among the 
patient group, p = 0.001. Positive family history was correlated 
with NAA/Cr of 1.41 ± 0.27 and with Ch/Cr of 0.84 ± 0.28, p 
= 0.006 and p < 0.001. Consanguinity was present in 19 cases 
(76%) among the patients, p = 0.012. Third- degree consanguinity 
was detected in 11 cases, and fourth- degree consanguinity was 
detected in 8 cases. Consanguinity was well correlated with NAA 
/Cr of 1.36 and Ch/Cr of 0.95, p < 0.001 and p = 0.001 respectively.

Correlation between MRS markers and other 
variables
Table 2 shows the correlation of NAA/Cr and Ch/Cr of patients 
with CNs- I with demographic, clinical, and laboratory findings.

Neurological problems with NDD were reported in 10 patients 
(40%), p = 0.01. These included problems in muscle tone, reflexes, 
co- ordination, and involuntary movements. Four patients had 
dystonic cerebral palsy with hearing loss, two patients had 
choreoathetosis, two patients had epilepsy and two patients had 
abnormal eye movement with impairment of upward gaze. There 
was a statistically significant correlation between the presence of 
NDD and NAA/Cr of 1.28 ± 0.16, and Ch/Cr of 0.88 ± 0.22, (p = 
0.001 and 0.004) respectively. The mean bilirubin level in patients 
was 25.1 ± 5.1. A statistically significant positive correlation was 
detected between NDD and the highest serum bilirubin level 
to which the patient was exposed. There was also a statistically 
significant negative correlation between the highest serum bili-
rubin level and NAA/Cr and Ch/Cr, (r = −0.77, p < 0.001 and r 
= −0.49, p = 0.014) respectively. Among the patients' group 20 
cases (80%) were on phototherapy, p < 0.001. The measured MRS 
ratios (NAA/Cr = 1.4 and Ch/Cr = 1.02), of those patients, were 
positively correlated with the history of irregular phototherapy 
(p < 0.001 and p = 0.03 respectively). Eight patients (32%) had a 
history of blood transfusion, which was correlated with NAA/Cr 
= 1.2 and Cho/Cr = 0.92, p < 0.001 and p = 0.001 respectively. In 
our study, all patients were admitted previously to NICU.
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Table 1. Demographics, clinical and laboratory data of patients vs controls

Parameter Controls(n = 25) Patients(n = 25) P value
Age 5.63 ± 2.80

6 (0.8–10)
4.58 ± 3.71

3.0(0.3–13.0)
Z = 0.846
p = 0.398

Sex
Male
Female

 

16 (64.0%)
9 (36.0%)

13 (52.0%)
12 (48.0%)

 

χ2 = 1.138
p = 0.286

Family history
No
Yes

12 (100%)
0

11 (44.0%)
14 (56.0%)

χ2 = 10.81
p = 0.001*

Consanguinity
No
Yes

8 (66.7%)
4 (33.3%)

6 (24.0%)
19 (76.0%)

χ2 = 6.28
p = 0.012*

NDD
No
Yes

Not applicable 15 (60%)
10 (40.0%)

χ2 = 6.58
p = 0.01*

Serum Bilirubin 0.8 ± 0.2 25.12 ± 5.11

Therapy
Photo therapy
Bl transfusion

0
0

20 (80.0%)
8 (32.0%)

χ2 = 20.89, p < 0.001*
χ2 = 4.89, p = 0.027*

NICU admission 0 25 (100%)
0 (0.0)

NDD, neurodevelopmental delay; NICU, neonatal intensive care unit.

Table 2. Correlation of NAA/Cr and Ch/Cr of patients with demographic, clinical, laboratory findings vs controls and patients with 
NDD vs without NDD

NAA/Cr Test of significance Choline/Cr Test of significance
age r = 0.041 p = 0.811 r = −0.144 p = 0.396

Sex
Male
Female

1.75 ± 0.38
1.73±0.44

t = 0.164
p = 0.871

1.54 ± 1.93
1.16±.32

t = 0.867
p = 0.392

Family history
No
Yes

1.80 ± 0.45
1.41±0.27

t = 2.94
p = 0.006*

1.26 ± 0.157 0.849±0.28 t = 5.72
P<0.001*

Consanguinity
No
Yes

2.12 ± 0.187 
1.367±0.257

 

t = 9.53
P<0.001*

1.36 ± 0.159 0.95±0.242 t = 5.55
p = 0.001*

Therapy Photo 
therapy
-ve
+ve

 

1.998 ± 0.238 
1.415±0.38

t = 5.25
P<0.001*

 

1.228 ± 0.262 
1.02±0.286

t = 2.24
p = 0.032*

Bl transfusion
-ve
+ve

1.947 ± 0.307 
1.265±0.222

t = 7.48
p<0.001*

1.241 ± 0.253 
0.927±0.242

t = 3.79
p= 0.001*

NDD
- ve
+ve

 

1.79 ± 0.43
1.28±0.16

t = 3.64
p = 0.001*

 

1.185 ± 0.274 
0.889±0.225

t = 3.04
p = 0.004*

Laboratory 
(bilirubin)

r = −0.776 p < 0.001* r = −0.496 p = 0.014*

Ch, Choline; Cr, Creatine; NAA, N- acetyl aspartate; NDD, neurodevelopmental delay.
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ROC curve analysis
Table 3 shows the mean and SD of NAA/Cr and Ch/Cr ratio of 
patients versus controls and patients with NDD vs without NDD.

Conventional MR image analysis in all patients revealed a 
normal appearance of the brain with no detected significant areas 
of abnormal signal. At MRS examinations, despite having no 
significant abnormality in conventional MRI study, there was a 
statistically significant difference in NAA/Cr and Ch/Cr between 
patients and controls. NAA/Cr and Ch/Cr in patients were 1.45 
± 0.38 and 0.99 ± 0.28, while in the control group ratios were 
2.07 ± 0.17 and 1.33 ± 0.13, p < 0.001, and p = 0.001 respectively. 
ROC curve analysis for differentiating patients from controls 
using NAA/Cr revealed that the AUC was 0.91, the cut- off point 
was 1.89 below it was considered abnormal, with 88% sensitivity, 
83.3% specificity, and 86.5% accuracy. For Ch/Cr AUC was 0.84, 
and the cut- off point was 1.21, with 80% sensitivity, 66.7% speci-
ficity, and 75.5% accuracy (Figure 1).

Also, a statistically significant difference was detected in NAA/
Cr and Ch/Cr between patients with NDD and patients without 
NDD. NAA/Cr and Ch/Cr in patients with NDD were 1.28 ± 
0.16 and 0.889 ± 0.25, while in patients without NDD were 1.78 ± 
0.43 and 1.18 ± 0.27, p = 0.001, and p = 0.004 respectively.

ROC curve analysis in patients with NDD and patients without 
NDD using NAA/Cr revealed that the AUC was 0.87, the cut- 
off point was 1.47 below it was considered to have NDD, with 
90% sensitivity, 81.5% specificity, and 83.8% accuracy. For Ch/
Cr, AUC was 0.8, and the cut- off point was 0.99, with 80% sensi-
tivity, 81.5% specificity, and 81.1% accuracy (Figure 2).

DISCUSSION
In our study, conventional MR images examined in all patients 
revealed a normal appearance of the brain with no detected areas 
of abnormal signal, although all patients clinically had chronic 
encephalopathy. This might be explained by the variability and 
transient nature of the signal abnormalities, abnormal T1- signal 
may be confounding with normal T1 myelination signal. This was 
in agreement with previous studies that reported that abnormal 
high- intensity areas might not be observed after the age of one 
year, and are sometimes subtle and easily overlooked.10,26

1H- MRS is considered a valuable non- invasive tool to monitor 
in vivo cerebral biochemistry. Three of the most important 
metabolites that can be studied in the brain are NAA, Ch, and 
Cr. The ratios of NAA/Cr and Ch/Cr are considered markers 
of the functional status of the neurons and axons of the brain 
tissue. Decreased ratios indicate neuronal or axonal loss or 
dysfunction.25

The main findings in this study are that 1H- MRS ratios (NAA/
Cr and Ch/Cr) can differentiate patients with CNs- I having 
NDD from those without NDD and normal controls, despite 

Table 3. Mean, SD and p- value of NAA/Cr, Ch/Cr in patients vs 
controls, and patients with NDD vs without NDD

Patients Controls P- value
Patients vs 
controls
 

NAA/Cr Ch/Cr

 

1.45 ± 0.38
0.999±0.28

 

2.07 ± 0.17
1.33±0.13

t = 5.46, p <0.001*
t = 3.70, p = 0.001

NDD vs 
without NDD
 

NAA/Cr Ch/Cr

NDDn = 10 Without NDD 
n = 15

1.28 ± 0.16
0.889±0.25

1.78 ± 0.43
1.18±0.27

t = 3.65, p = 0.001
t = 3.04, p = 0.004

Ch, Choline; Cr, Creatine; NAA, N- acetyl aspartate; NDD, 
neurodevelopmental delay.

Figure 1. Roc curve of NAA/Cr and Ch/Cr in differentiating 
patients from control. Ch, Choline; Cr, Creatine; NAA, N- acetyl 
aspartate; ROC, receiver operating characteristic.

Figure 2. Roc curve of NAA/Cr and Ch/Cr in differentiating 
patients with NDD from patients without NDD. Ch, Choline; Cr, 
Creatine; NAA, N- acetyl aspartate; NDD, neurodevelopmental 
delay; ROC, receiver operating characteristic.
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both having normal conventional brain MRI studies. Patients 
with NDD show lower NAA/Cr and Ch/Cr compared to patients 
without NDD. Despite being generally non- specific, with low 
NAA /Cr ratios indicating cell damage which could be due to 
ischemia or metabolic disease, the 1H- MRS ratios are well 
correlated with positive family history, consanguinity, neurode-
velopmental delay, highest serum bilirubin level, phototherapy, 
and with history of blood transfusion.

1H- MRS can delineate much about brain energy metabo-
lism in neonates with bilirubin encephalopathy. Synthesis of 
NAA is related to oxidative metabolism, so assessment of NAA 
concentrations reflects the status of mitochondrial metabolism 
in neonates with bilirubin encephalopathy and demonstrates 
energy failure and anaerobic metabolism in cases of perinatal 
brain injury. MRS also detects the signal of small molecules 
present in cerebral tissue (e.g. glutamate, and lactate).10

NAA is a neuronal marker; decreased NAA indicates neuronal 
dysfunction that may be reversible. Ch is a cell membrane and 
myelin marker. Cr, a marker of energy metabolism, is mainly 
used as an internal reference for assessing the other two metab-
olites.22 In all pathologies causing axonal loss, NAA is markedly 
reduced or even absent.23

In our study, NAA/Cr ratio was significantly lower in CNs- I 
patients than that of the controls. A low NAA/Cr ratio denotes 
reduced neuronal density (Figure 3). Similarly, a study, conducted 
on an 18- month- old child with CNs- I, found that MRS results 
of the right basal ganglia showed that NAA/Cr was low in the 
patient with CNs- I and that NAA/Cr ratio increased in one- way 
after liver transplantation, which indicates that MRS may be 
an option of predicting brain conditions and selecting suitable 
patients with CNs- I for transplantation.24.

The effect of metabolic changes occurring in the brain in cases 
of kernicterus and hepatic encephalopathy may have some simi-
larities as they affect the same regions of the brain. In our study, 
Ch/Cr in CNs- I patients was significantly lower than that of the 
controls. A previous study reported that mild reduction in Ch/
Cr ratio was detected in cases with minimal hepatic encepha-
lopathy. In this stage, patients do not have strong clinical symp-
toms but have mild psychomotor and cognitive changes.25. Also, 
a previous study reported that brain proton MRS detected the 
development of neuropsychological changes that preceded 
hepatic encephalopathy.26

In our study, NAA/Cr is well correlated with positive family 
history and with consanguinity and history of siblings among 
CNs- I parents. CNs- I is inherited in an autosomal recessive 
pattern which means both copies of the UGT1A1 gene in each 
cell have mutations. Therefore, parental consanguinity increases 
the risk of CNs- I.31. Similarly, a study done on the management 
of pregnancy in CNs- I found that consanguineous marriage is a 
risk factor for CNs.32 In our study, the history of similar siblings 
affected was reported in 76% of patients. This is related to the 
higher rate of consanguineous marriages among CNs- I patients’ 
families. With each pregnancy, the risk for two carrier parents 

to have an affected infant is 25%, while the risk to have a carrier 
infant is 50%, and the chance for an infant to receive normal 
genes is 25%. The risk is the same for both males and females33; 
in our study, both males and females were nearly equally affected.

In this study, there was a significant decrease in NAA/Cr and 
Ch/Cr in patients with NDD which were reported in about 40% 
of our patients. Lodoso Torrecilla et al reported that patients 
with CNs are at greater risk of developing kernicterus, mostly 
associated with indirect bilirubin levels of around 25 mg dl−1.34 
The remaining patients (60%) in our study did not have neuro-
logical problems, which was probably related to early detection 
and meticulous management of our patients. However, CNs- I 
patients remain at an increased risk, probably throughout their 
life span, which necessitates treatment. Most of our patients 

Figure 3. Conventional brain MRI (a: axial T1WI, b: axial T2WI 
and c: axial FLAIR), and (d) multivoxel MRS in a patient with 
NDD presented with lower limbs weakness, delayed speech, 
and a history of attacks of loss of consciousness. The conven-
tional images are completely normal with no apparent areas 
of signal abnormality, in MRS, NAA/Cr ratio is 1.49 and Ch/Cr 
ratio 0.79. Ch, Choline; Cr, Creatine; FLAIR, fluid- attenuated 
inversion- recovery; NAA, N- acetyl aspartate; NDD, neurode-
velopmental delay; MRS, magnetic resonance spectroscopy; 
T1WI, T1 weighted imaging; T2WI, T2 weighted imaging.
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received treatment regularly to decrease the risk of kernicterus 
and/or developmental problems (Figure 4).

We found a good correlation between the presence of NDD and 
the decrease in NAA/Cr and Ch/Cr. Similarly, a study found that 
in children with developmental delay who were older than 2 
years, decreased NAA/Cr ratio was detected in frontal (p < 0.001) 
and parieto- occipital (p < 0.017) subcortical white matter and 
elevated Ch/Cr ratio were detected in the frontal (p < 0.24) and 
parieto- occipital (p < 0.002) subcortical white matter compared 
with age- matched control subjects.27

On the other hand, the same study found that in children with 
developmental delay who were aged 2 years or younger, no 
statistically significant differences were detected in the NAA/Cr 
or Ch/Cr ratios compared with those of the controls.27 NAA/Cr 
and Ch/Cr were correlated to neurological manifestations which 
were more prominent in patients with lower NAA/Cr and/or 
Cho/Cr.

To the best of our knowledge, our study is the first report on 
using MRS in assessing neurological manifestations in CNs. Our 
results indicate that the amount of reduction of NAA is associ-
ated with the severity of clinical and neurological manifestations.

In this study, there was a statistically significant negative correla-
tion between the highest serum bilirubin level and NAA/Cr and 
Ch/Cr. A previous study27 reported a decrease in Ch/Cr in the 
early stage of kernicterus, as a result of neurotoxicity, as well as 
an increase in myoinositol mI/Cr. The study also suggested that 
an increase in Ch is more evident in the late stages of the disease 
rather than in the acute phase.

In this study, patients with lower NAA/Cr and Ch/Cr had a more 
aggressive disease and required different therapy. Exchange 
transfusion is an effective emergency management of acute bili-
rubin encephalopathy by removing bilirubin- saturated albumin 
and providing free protein, which draws bilirubin from tissues; 
however, it may have various complications arising from umbil-
ical catheterization including embolism and transmission of 
infection.14

In our study, all patients were admitted previously to NICU 
during their neonatal period for severe, persistent unconjugated 
hyperbilirubinemia. Newborn infants with CNs are usually 
admitted to neonatal care units to receive phototherapy for their 
severe unremitting jaundice.13

LIMITATIONS
Regarding the limitations of this study, first: the small number 
of studied patients may affect the end conclusion that is reached 
by our study, further follow- up studies could be done on larger 
patient groups. Second: different ages of patients and controls 
may lead to bias as there is a range of ages from infant to adoles-
cent and MRS peak values can be variable with age.

CONCLUSION
1H- MRS can be a useful tool in the detection of neurological 
changes in patients with CNs- I, NAA/Cr, and Ch/Cr parameters 
are well correlated with demographic, clinical, and laboratory 
findings.
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