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Clinical Group 

Abstract

Background: Hypoxic-ischemic encephalopathy (HIE) is a serious condition that results of critical 
failure of the intrapartum gas exchange and may lead to a signifi cant damage in the central nervous 
system. 

Objective: to elucidate the role of brain magnetic resonance imaging (MRI) versus Proton magnetic 
resonance spectroscopy (1H-MRS) in the diagnosis and evaluating the severity of HIE in full-term Egyptian 
neonates 

Design: 49-months observational controlled study.

Setting: Pediatric neurology and Radiology Departments, Alexandria University Hospital 

Patients and Methods: Thirty full-term neonates in the fi rst two weeks with HIE (Sarnat staging) were 
included (18 males and 12 females), with exclusion of those with congenital brain malformation and/ or 
perinatal infection in addition to 15 age- and sex- matched healthy controls. All patients and controls were 
examined with brain MRI and 1H-MRS. 

Results: In neonates with HIE, the percent of agreement between clinical staging, and MRI grading 
was 66.67 while it was 76.67 regarding 1H-MRS grading. The sensitivity for MRI was 66.67%, specifi city 
was 75%, accuracy was 77.78%, PPV was 80% and NPV was 75%. Meanwhile, the sensitivity for 1H-MRS 
was 92%, specifi city was 75%, accuracy was 84.44%, PPV was 82.14% and NPV was 88.24%. 

Conclusion: 1H-MRS detected more percent of agreement, true positive and less false negative cases 
than MRI. Despite the equal specifi city between them, still 1H-MRS got more sensitivity, accuracy, PPV 
and NPV than MRI i.e. when we have to choose early and single investigation it is recommended to choose 
1H-MRS.
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Abbrevations

1H-MRS: Proton Magnetic Resonance Spectroscopy; 
CHESS: Chemical Shift Selection; Cho: Choline; Cr: Creatine; 
FLAIR: Fluid-attenuated inversion recovery; Glx: Glutamate-
glutamine; HIE: Hypoxic-Ischemic Encephalopathy; Lac: 
Lactate; MRI: Magnetic Resonance Imaging; NAA: N-Acetyl 
Aspartate; TE: Echo Time; TR/TE: Repetition Time/Echo Time; 
T2*GRE: T2* Gradient Echo

Introduction

Hypoxic-ischemic encephalopathy (HIE) is a signifi cant 

cause of permanent damage to the central nervous system 
(CNS) cells. It remains a serious condition that may result in 
neonatal decease or be manifested later as cerebral palsy or 
mental defi ciency [1,2]. It affects approximately 2 per 1000 
births in the developed world. Prevention is vital because no 
specifi c therapy can reverse the CNS injury [3]. 

Acute cerebral hypoxia-ischemia (HI) occurs as a result 
of critical impairment of the intrapartum gas exchange [4]. 
However, the exact timing and underlying cause remains 
unknown [5]. Early and accurate prediction of outcome is 
diffi cult by clinical examination alone [6,7]. 
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Abnormalities on conventional magnetic resonance imaging 
(MRI) may take several days to become obvious, during which 
the maximum benefi t from therapeutic interventions can be 
achieved [8,9]. Because of this problem with conventional MRI, 
there has been a move towards defi ning quantitative cerebral 
biomarkers so as to increase prognostic objectivity [10,11]. 
Proton magnetic resonance spectroscopy (1HMRS) enables us 
to measure the various metabolite ratios in vivo both in normal 
and in pathologic conditions. The fi nding of a helpful method 
to detect abnormalities of metabolism even when normal 
structures are present on MRI studies will be appreciated [12]. 

The aim of this study is to elucidate the role of MRI versus 
1H-MRS in the diagnosis and grading of severity of HIE in full-
term neonates. 

Patients and Methods 

Between March 2009 and April 2011, a total of 30 
consecutive full-term neonates in the fi rst two weeks of their 
life were eligible and enrolled for admission to the study. 
They were diagnosed clinically as HIE complicating perinatal 
asphyxia and were admitted within 24 hours of presentation 
to the NICU, Pediatric Neurology Department, and the imaging 
procedures were done in the Radiology Department, Alexandria 
University Hospital. The criteria used for diagnosing HIE were 
described by Sarnat et al., (Table 1) [13,14]. The exclusion 
criteria included neonates with congenital brain malformation, 
inherited metabolic disorders, or perinatal infection. 

Fifteen healthy age- and sex-matched neonates with no 
history of asphyxia, medical or neurological disorders were 
selected as control group. They were underwent the same 
imaging protocol for comparison. All Patients and controls 
were examined with brain MRI and 1H-MRS. After establishing 
the clinical diagnosis of HIE, a prescribed supportive treatment 
was started immediately in all cases. An offi cial permission 
to carry out the study was obtained from the responsible 
authorities and the administrative staff. Parents’ consent to 
participate in the study was obtained. 

Imaging procedures

The MRI and 1H-MRS procedures for all study neonates 
were done under either natural sleep or under sedation induced 
by 10% chloral hydrate syrup given orally or via a nasogastric 
tube. During radiological examination, patients were medically 
supervised, monitored by MR-compatible pulse oximetry and 
were maintained under 100% oxygen breathing. All MRI and 
1H-MRS examinations were performed by using 1.5-Tesla unit 
system (Signa Horizon SR 120; General Electric Medical Systems, 
Milwaukee, WI, USA) with a quadrature head coil, Radiology 
department, Alexandria University Hospital. 

MRI procedures

The MRI protocol included spin-echo and fast spin-echo 
MR pulse sequences. Spin-echo images were axial T1-weighted 
images (500/14/2 [TR/TE/NEX]). Fast spin-echo images were 
axial T2-weighted images (4000/126/2 [TR/TE/NEX]), and 
axial fl uid-attenuated inversion recovery (FLAIR) (TR/TE/

Inversion time (TI) = 6000/140/1200) sequences. Axial T2* 
gradient echo (T2*GRE) sequence (460, 15, 20 degrees [TR/TE/
FA]) was done in selected cases for exclusion of micro-bleeds. 

MRI grading of neonates with HIE

On conventional MRI the site of ischemic injury was 
identifi ed and the severity of HIE was graded into three grades; 
(Table 2) [15]. 

1H-MRS Procedures

We used axial FLAIR images to locate the multivoxels for 
the 1H-MRS studies using a spin-echo (SE) mode sequence 
with long Echo Time (TE) [Repetition Time/Echo Time (TR/TE) 
= 1600/144] and short TE (TR/TE= 1600/35). Water suppression 
was achieved with chemical shift selection (CHESS) technique. 
Proton spectra were acquired in an area of 8 pixels that covered 
basal ganglia and thalami as regions of interest. The multi-
voxel 1H-MRS data were processed by the spectroscopic 
analysis package on the workstation. The acquisition time for 
each sequence was 7 minutes 54 seconds. The resonances of 
main metabolites were quantifi ed as follows: the glutamate-
glutamine (Glx) peak at 3.75 ppm, the N-acetyl aspartate 
(NAA) peak at 2.02 ppm, the creatine (Cr) peak at 3.02 ppm, the 
choline (Cho) peak at 3.20 ppm, and the lactate (Lac) doublet at 
1.33 ppm. Relative concentrations of metabolites were related 

Table 1: Sarnat Stages of HIE

Clinical parameter Stage I Stage II Stage III

Level of 
consciousness

hyperalert lethargic or obtunded stuporous

Neuromuscular control
Muscle Tone

Posture

normal mild 
distal fl exion

mild hypotonia strong 
distal fl exion

fl accid intermittent 
decerebration

Stretch refl exes overactive overactive decrease or absent

Suck refl ex Moro refl ex
weak

strong; low 
threshold

weak or absent
weak: incomplete high 

threshold
absent absent

Autonomic function
Generalized 
sympathetic

Generalized 
parasympathetic

both system 
depressed

Seizures none
common; focal or 

multifocal
uncommon

Table 2: MRI grading in neonatal HIE 

Grade MRI fi ndings 

 I 

(1) T1WI linear cortical hyperintensities or subcortical white matter 
hyperintensities. 

(2) Slight subarachnoid or subdural hemorrhage near the confl uence 
of the sinuses in the infratentorial region 

 II 

(1) Symmetrical hyperintensity with surrounding edema in the frontal 
deep white matter just in front of the anterior horn. 

(2) Periventricular linear hyperintensities on T1WI; although 
sometimes combined with appearance of Grade I. 

 
 
 
III 

(1) T1WI punctuate hyperintensities in the basal ganglia and/or 
thalami and/or brainstem combined with poor myelination of 
posterior limbs of internal capsule (absent posterior limb sign). 

(2) Diffuse edema within the white matter. 
(3) Intraventricular hemorrhage. 
(4) Periventricular leukomalacia, and necrosis in the subcortical area; 

although sometimes combined with appearance of Grades I and II. 
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to peak-area and expressed with reference to Cr. Ratios of NAA/
Cr, NAA/Cho, Cho/ Cr, Lac/NAA and Lac/Cr were measured for 
the examined neonates with HIE and were compared to those 
of the control. 

1H-MRS grading of neonates with HIE

Depending on Lac/Cr ratio, severity of HIE was graded 
into: mild (Lac/Cr ratio lower than 0.5), moderate (Lac/Cr ratio 
between 0.5 and 1.5) and severe (Lac/Cr ratio greater than 1.5) 
[12]. 

Statistical Analysis 

Statistical analysis was performed with Statistical Package 
for Social Science (SPSS version 18). Statistical presentation and 
analysis of the present study was conducted using the mean, 
standard deviation, student t- test, Chi-square test (2) and 

Analysis of variance (ANOVA) tests. Signifi cant value was 
when p≤0.05 [16,17]. 

Results 

Regarding the personal data of the patients and control 
groups (Table 3), there were no signifi cant differences between 
the two groups (p>0.05). 

As shown in table 4, neonates with HIE showed signifi cantly 
decreased mean peak-ratios of the NAA/Cr, and NAA/Cho when 
compared to normal control (p=0.019, and 0.044 respectively). 
On the other hand, they showed signifi cantly increased 
mean peak-ratios of the Cho/ Cr, Lac/Cr, and Lac/NAA when 
compared to normal control (p<0.001 for each). 

Additionally, Table 5 showed that the 1H-MRS mean peak-
ratio of Lac/Cr was none signifi cantly higher in patients with 
mild HIE compared to normal control (p= 0.577), while it was 
signifi cantly higher in patients with moderate and severe HIE 
compared to normal control (p<0.001 for each). Also, it was 
signifi cantly higher in moderate compared to mild (p<0.001), 
severe compared to moderate (p= 0.034), and in severe 
compared to mild HIE (p<0.001 for each). 

Moreover, Table 6 and Figure 1 showed a signifi cant percent 
of agreement (66.67%) between the clinical staging and MRI 
grading of the neonates with HIE (p< 0.001). 

As well, Table 7 and Figure 2 showed a signifi cant percent of 
agreement (76.67%) between the clinical staging and 1H-MRS 
grouping of the neonates with HIE (p< 0.001). Moreover, Tables 8,9 showed a signifi cant percent of 

agreement (63.3) between the 1H-MRS grouping and MRI 

grading of the neonates with HIE (p< 0.001). 

Cases

Case 1

Ten-days old normal full term male neonate (normal 

control). 

Unenhanced axial T1WI (A) and axial T2WI (B),show 

normal progress of myelination with normally increased signal 

Table 3: Personal data of the patients and control groups 

Patients groups
(n=30)

Control group
(n=15)

t p

Male: female 1.5:1 1.5:1 - -

Gestational age in weeks 
(mean±SD)

37.2 + 2.7 38.22 + 1.52 1.355 0.183

Age at MRI and 1H-MRS 
examination

time (mean ± SD) 8.5 + 1.4 days 9 + 1.53 days 1.095 0.279

Birth weight in grams (mean ±SD) 3562.5 + 481.87 3675 + 495.77 0.731 0.468

Table 4: Comparison of the metabolite peak-ratios in neonates with HIE vs control 

Metabolite ratio
Patients groups

(n=30)
Control group

(n=15)
t-test p-value

NAA/Cr 1.07 ± 0.32 1.44 ± 0.71 2.423 0.019*

NAA/Cho 0.52 ± 0.21 0.64 ± 0.11 2.068 0.044*

Cho/ Cr 1.86 ± 0.49 1.05 ± 0.56 4.172 0.001*

Lac/Cr 0.64± 0.05 0.32 ± 0.04 21.540 <0.001*

Lac/NAA 0.53 ± 0.22 0.21 ± 0.10 5.341 <0.001*

Table 5: Comparison of the mean levels of Lac/Cr ratio between the control group 
and different groups of HIE 

Control
(n=5)

Mild HIE with
Lac/Cr 0.5

(n=14)

Moderate HIE 
with Lac/Cr

0.5-1.5 (n=10)

Severe HIE with
Lac/Cr 1.5

(n=6)

ANOVA

F P-value

0.13±0.14 0.15±0.02 0.82±0.57 1.71±0.14 15.87 <0.001*

Tukey'stets

Control vs 
Mild

Control vs
Moderate

Control vs
Severe

Mild vs 
Moderate

Mild vs
Severe

Moderate vs 
Severe

0.577 <0.001* <0.001* <0.001* <0.001* 0.034*

Table 6: Comparison of the clinical staging of the HIE neonates, and MRI grading.

Clinical staging of the 
patients

MRI grading of the examined patients (n=30)

Normal Grade I Grade II Grade III Total

N % N % N % N % N %

Stage I 4 25 10 62.5 1 6.25 1 6.25 16 53.3

Stage II 0 0.00 1 11.1 5 55.6 3 33.3 9 30.0

Stage III 0 0.00 0 0.00 0 0.00 5 100 5 16.7

Total 4 13.3 11 36.7 6 20.0 9 30.0 30 100.0

% of agreement 66.67

X2 30.732

P-value <0.001*

Figure 1: Comparison of the clinical staging of the HIE neonates, and MRI grading.
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intensity of posterior limb of internal capsule by T1WI, and 
decreased its signal intensity by T2WI relative to basal ganglia 
and thalamus. 

MRS multivoxel picture (C), and MRS spectrum (D) - (TE 
144), as well as MRS multivoxel picture (E), and MRS spectrum 
(F)-(TE35) at the basal ganglia show normal NAA/Cr, NAA/
Cho, and Cho/ Cr ratios with slight elevation of the Cho peaks 
which is accepted in neonates (NAA/Cr= 1.2, NAA/ Cho= o.7, 
Cho/Cr= 1.7, Lac/ Cr= 0.2). 

Case 2

Two-days old female neonate with gestational age of 37 
weeks presented clinically with Sarnat stage I normal signal 
intensity of both thalami. Axial T2WI (B) shows normally 
hypointense signal of posterior limb of internal capsule 
corresponds to normal progress of myelination. multivoxel 
picture (E), and MRS spectrum (F)-(TE35) at the basal ganglia 
show decreased peaks of NAA and slightly increased Cho, 
lactate, and Glx peaks which denoting hypoxic ischemic brain 
injury. Moreover, MRS revealed decreased NAA/Cr, and NAA/
Cho ratios with increased Cho/ Cr, Lac/NAA and Lac/ Cr ratios 
in comparison to normal (NAA/Cr= 1.0, NAA/ Cho= o.5, Cho/Cr= 
2.03, Lac/ Cr ratio= 0.4). Mild elevation of Lac/ Cr ratio denotes 
mild grade of HIE. 

Case 3

Fifteen -days old male neonate with gestational age of 38 

Table 7: Comparison of the clinical staging of HIE neonates and 1H-MRS grading 

Clinical staging 
of the patients

1H-MRS grading

Mild Moderate Severe Total

N % N % N % N %

Stage I 13 81.3 3 18.7 0 0.0 16 53.3

Stage II 1 11.1 6 66.7 2 22.2 9 30.0

Stage III 0 0.0 1 20.0 4 80.0 5 16.7

Total 14 46.7 10 33.3 6 20.0 30 100.00

% of agreement 76.67

X2 25.382

P-value <0.001*

Figure 2: Comparison of the clinical staging of HIE neonates and 1H-MRS grading.

Table 8: Comparison of the 1H-MRS grading of HIE neonates, and MRI grading of 
the examined neonates with HIE. 

1H-MRS grading

MRI grading of the examined patients (n=30)

Normal Grade I Grade II Grade III Total

N % N % N % N % N %

Mild 4 28.6 9 64.3 1 7.1 0 0.00 14 46.67

Moderate 0 0.00 1 10.0 5 50.0 4 40.0 10 33.33

Severe 0 0.00 1 16.7 0 0.00 5 83.3 6 20.00

Total 4 13.3 11 36.67 6 20.00 9 30.00 30 100.00

% of agreement 63.3

X2 31.65

P-value <0.001*

Table 9: Evaluation of MRI and 1H-MRS in detecting HIE 

MRI 1H-MRS

True Negative 15 15

False Negative 5 2

True Positive 20 23

False Positive 5 5

Sensitivity 66.67% 92%

Specifi city 75% 75%

Accuracy 77.78% 84.44%

PPV (positive predictive value) 80% 82.14%

NPV (negative predictive value) 75% 88.24%

Case 1: 
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weeks presented clinically with Sarnat stage II hyperintensities 
with punctuate hyperintense foci in the basal ganglia. 
Prominent subarachnoid spaces. Moreover, early subacute 
subgalial hematoma in left parieto-occipital region is seen. 

MRS multivoxel picture (C), and MRS spectrum (D) - (TE 
144), as well as MRS, spectrum (E)-(TE35) at the basal ganglia 
show decreased peaks of NAA and elevated peaks of Cho, Lac, 
and Glx due to hypoxia –ischemia. Furthermore, MRS reveals 
decreased ratios of NAA/Cr and NAA/ Cho with increased Cho/ 
Cr and Lac/ Cr ratios in comparison to normal ratios (NAA/Cr= 
0.7, NAA/ Cho= o.3, Cho/Cr= 2.2, Lac/ Cr ratio= 0.8 (  0.5 and  
1.5). The Lac/Cr ratio represents moderate grade of HIE. 

Case 4

Twelve -days old male neonate with gestational age of 
38.5 weeks presented clinically with Sarnat stage III increased 
signal intensity in both basal ganglia and thalami. Decreased 
signal intensity of the posterior limb of internal capsule 
(absent posterior limb sign) is seen denoting poor thalami 
with hyperintense signal of posterior limb of internal capsule, 
indicative of poor myelination with hypoxic ischemic injury. 
Axial T2*GRE image (D) shows punctuate areas of abnormal 
low signal intensity in both thalami and putamen (Blooming 

artifact), indicating punctate areas of hemorrhage which exhibit 
hyperintense signal by T1WI and hypointense signal by T2WI 
denoting early subacute stage of accompanying hemorrhage. 
The MRI fi ndings are consistent with severe neonatal hypoxic 
ischemic injury associated with hemorrhage. 

multivoxel picture (G), and MRS spectrum (H)-(TE35) at 
the basal ganglia show decreased peaks of NAA and elevated 
peaks of Cho, Lac and Glx due to hypoxia –ischemia with 
marked increase of myo-inositol level in short TE sequences 
with increase in lipids due to necrosis. Furthermore, the NAA/Cr 
and NAA/Cho ratios are markedly decreased with signifi cantly 
elevated Cho/Cr and Lac/Cr ratios in comparison to normal 
ratios (NAA/Cr= 0.6, NAA/Cho= o.2, Cho/Cr= 3.4, Lac/Cr ratio= 
2.6). The Lac/Cr ratio represents severe grade of HIE. Case 2: 

Case 3: 
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Case 4: 

Discussion 

Hypoxic ischemic encephalopathy is a clinically defi ned 
syndrome of disturbed neurological function in the earliest 
days of life and usually affects the full term infant. It is one 
of the most common causes of severe neurologic defi cits 
in children causing signifi cant mortality and long-term 
morbidity.[18] Although the exact pathophysiology of HIE is 
not completely understood, the lack of suffi cient blood fl ow 
along with decreased oxygen content in the blood produce a 
signifi cant disturbance of normal cerebral autoregulation and 
a diffuse brain injury.[19,20] The predilection site and severity 

of HIE are correlated with the duration of HI and variation of 
cerebral metabolites levels. In full term neonates with HIE, 
accurate and early identifi cation as well as characterization of 
the severity and extent of brain injury depend upon selecting 
the appropriate neuroimaging modalities [12,21]. 

The signal abnormalities of basal ganglia can be considered 
as an indicator of the severity of neonatal HIE, while the signal 
abnormality of thalamus is considered as a relatively specifi c 
and sensitive indicator of ischemic brain injury caused by 
hypoxia[21,22]. In the study of Thayyil, et al [6], the MRI of 
neonates with mild HIE showed normal basal ganglia with 
variable degrees of cortical signal abnormalities, while patients 
with most severe HIE showed mixed cortical and basal ganglia 
signal abnormalities. Similar fi ndings were seen in the present 
study, except in one female neonate showed slight increase in 
the signal intensity of the basal ganglia by T1WI with normal 
thalamus. This might be attributed to her younger gestational 
age, younger age at time of examination and the history of 
prolonged labor. 

The 1H-MRS, which is based on the phenomena of chemical 
shift, can refl ect the main metabolite concentrations in the 
brain and play an important role in the determination of 
metabolic disturbance and impairment of neuronal functions 
which are caused by HIE. Moreover, 1H-MRS gives a good 
simultaneous imaging data from the cortex, basal ganglia and 
white matter [8]. 

In HIE, cerebral lactate (Lac) rises as a result of anaerobic 
metabolism, then it is rapidly cleared on resuscitation to be 
followed by a secondary increase after 12–24 hours because of 
renewed production of Lac in brain tissue rather than entry via 
the circulation [22,23]. The Cr was chosen as the metabolite of 
reference in 1H-MRS as it is not signifi cantly changed after the 
onset of HIE. In the basal ganglia, an increased Lac/Cr peak-
area ratio provides an early indication of the severity of brain 
injury in neonates following perinatal HIE, before changes are 
apparent on conventional MRI [24]. 

As such in other studies [2,12], we used Lac/Cr ratio as a 
marker for grading of the severity of neonatal HIE. So, the 
peak-area ratio of Lac/Cr was chosen as the marker of Lac 
levels in the brain and index of severity in cases of HIE. By 
using Lac/Cr ratio, neonatal HIE can be graded into mild (Lac/ 
Cr < 0.5), moderate (0.5 <Lac/ Cr>1.5) and severe (Lac/ Cr<1.5). 

The present study showed a signifi cant decrease of the mean 
peak-ratios of NAA/Cr and NAA/Cho as well as a signifi cant 
increase of mean peak-ratios of the Cho/Cr, Lac/Cr and Lac/
NAA, refl ecting a poor neurodevelopmental outcome. This is 
also reported by other authors [2,12,24], who considered the 
lactate ratios as prognostic indices. 

The NAA is a marker of neuro-metabolic fi tness. Reduced 
NAA concentration is generally interpreted as neuronal/
axonal dysfunction and/or loss. For normal cell function Cho 
is essential and it directly affects nerve cell signaling and cell 
membrane metabolism. It is a putative marker of cellularity 
and cell turnover. Reduction of Cho may be associated with 
decreased cellularity and delayed myelination [25].
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In contrary to the present study and that of Cheong, et al.[2], 
which revealed a direct proportional increase of Cho peaks with 
the severity of HIE, Fan et al. [12], reported a decline in the 
peaks of Cho in HIE patients compared to their normal control. 
This difference might be due to the relatively smaller number 
of controls and younger gestational age of the patients in the 
study of Fan, et al. 

Our results revealed reduction in peaks of Cr and NAA 
in most of patients with mild HIE, and in all patients with 
moderate and severe HIE compared to the control group. 
Moreover, peaks of lipid and Glx were obviously elevated 
in most of neonates with mild and moderate HIE and in all 
neonates with severe HIE. The elevated peaks of lactate showed 
typical double peaks appearance with a zigzag-like appearance 
of the elevated peaks of Glx. This is also reported by other 
studies [12,21,25]. 

Additionally, our results showed that the sensitivity for 
MRI was 66.67%, specifi city was 75%, accuracy was 77.78%, 
PPV was 80% and NPV was 75%. Meanwhile, the sensitivity 
for 1H-MRS was 92%, specifi city was 75%, accuracy was 
84.44%, PPV was 82.14% and NPV was 88.24%. Also, the 
percent of agreement between the 1H-MRS and MRI grading of 
HIE neonates was 63.3, and the percent of agreement between 
clinical staging of the HIE neonates and MRI grading was 
66.67, while it was 76.67 regarding 1H-MRS grading. 

Hence, the evaluation of MRI and 1H-MRS in detecting 
HIE showed that 1HMRS got better percent of agreement, 
sensitivity, accuracy, PPV and NPV than MRI. In addition, there 
was more false negative results in MRI (5 cases) than with 
1H-MRS (2 cases). Also, there was less true positive results 
in MRI (20 cases) than with 1HMRS (23 cases). This was well 
apparent in case (2) that shows nearly normal MRI but with 
mild affection in the 1H-MRS view. The low value of sensitivity 
and accuracy may be explained by the small number of cases. 

Conclusion 

1H-MRS detected more percent of agreement, true positive 
and less false negative cases than MRI. Despite the equal 
specifi city between them, still 1H-MRS got more sensitivity, 
accuracy, PPV and NPV than MRI i.e. when we have to choose 
early and single investigation it is recommended to choose 
1H-MRS which provide, even with unremarkable conventional 
MRI, further insight into the diagnostic protocol and the 
potential for possible therapeutic intervention in such serious 
condition especially in mild and moderate cases. It plays 
an important role in the grading of the severity in HIE. The 
limitation of our study included small number of cases due to 
the technical and medical diffi culties during MRI and 1H-MRS 
examination especially with moderate and severe cases despite 
the long period of the study (49 months). So, multi-center 
large number studies are recommended for more accurate and 
specifi c statistics. 
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