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Abstract

Background: Hypoxic Ischemic Encephalopathy is defined as a heterogeneous, clinically
defined syndrome characterized by disturbed neurologic function in the earliest days of life in
a neonate. Proton MR spectroscopy could reveal brain ischemic injuries in asphyxiated
neonates earlier than T1- or T2-weighted MR imaging. MR spectroscopy and MR imaging are
very important for the diagnosis of hypoxic-ischemic injury.

Patients and Methods: A cross-sectional study. From December 2018 to December 2019, 50
full-term neonates were admitted to Neonatal Care Unit (NCU) in Sohag University Hospital
with signs of HIE and referred to the Radio Diagnosis Department for brain imaging. MR
imaging studies were performed using an MRI system 1.5 tesla Achieva, Philips
superconductive MRI system. Our MRI sequences 1. Axial TIWI. 2. Axial T2WI. 3. Axial
FLAIR. 4. Axial DWI. 5. proton MR spectroscopy

Results: The study included 50 neonates; 7 of them had normal MRI findings. The other
43 neonates showed different patterns of injury; 24 neonates showed a central pattern
of injury,11 neonates show peripheral patterns of injury, While the other 8 neonates had
shown both central and peripheral patterns of brain injury. Only 45 of the examined
neonates show abnormal lactate peak. The sensitivity of MRS is 100%. However, the
specificity is low 70 %, the overall accuracy is 60 %.

Conclusion: MR spectroscopy is an accurate, sensitive, and non-invasive method for
early detection of perinatal ischemic brain injuries.

Keywords: MRS, MRI, NHIE.

Introduction

Hypoxic Ischemic Encephalopathy (HIE) is
defined as a heterogeneous, clinically
defined syndrome characterized by
disturbed neurological functions in the
earliest days of life in a newborn at or
beyond 35 weeks of gestation, presented by
a reduced level of consciousness
convulsions, and often accompanied by

intrapartum, or postnatal period.
Neonatal encephalopathy results from a
wide variety of conditions as birth
asphyxia (1). Head computed to mog-
ramp, ultrasound, and conventional
magnetic resonance imaging (MRI) are
helpful to diagnose brain injury but

respiratory problems, and by depression of
tone and reflexes (1). Acute HIE due to
perinatal hypoxia-ischemia is one of the
leading causes of neonatal mortality
worldwide. Hypoxic-ischemic ence-
phalopathy is a brain injury secondary
to inadequate blood flow to the infant's
brain occurring because of a hypoxic-
ischemic insult during the prenatal,

cannot quantify the degree of white ma-
tter damage (2, 3). Conventional MRI
reveals that the two types of brain injury
in HIE neonates are basal ganglia, thal-
amic abnormalities, and watershed
dam-age, which are strongly associated
with late motor and cognitive deficits
(2, 3).
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MRI serves as an important role in
imaging the neonatal brain. MRS allo-
ws real-time analyses of the metabolites
in the neonatal brain. The potential utili-
ty of proton MR spectroscopy could re-
veal brain ischemic injuries in asphyx-
iated neonates earlier than T1- or T2-
weighted MR imaging (4-7).

Aim of the work:

Assess the role of MR spectroscopy and
MR imaging in the diagnosis of hypoxic-
ischemic injury.

Patients and Methods:

Study design: A cross-sectional study
Patients: From December 2018 to Dece-
mber 2019, 50 full-term neonates {32 ma-
les (64%) and 18 females (36 %)} were
admitted to the Neonatal Care Unit (NCU)
in Sohag University Hospital with signs of
HIE and referred to the Radio Diagnosis
Department for brain imaging.

Inclusion criteria:

1- Full-term neonates (37-42 weeks'
gestational age).

2- Patients exposed to perinatal hyp-
oxic conditions based on the history
of difficult or prolonged labor, obstr-
ucted labor, placenta previa, cord
prolapse, and/or severe hemorrhage.

Exclusion criteria:

1- Pre-term neonates (less than 37
weeks gestational age).

2- Neonates with metabolic diseases
and neonatal sepsis.

3- Kernicterus.

4- Traumatic birth injuries.

5- Congenital brain malformations.
We use two grading systems for
clinical assessment of HIE as

1) Sarnat score; It correlates the EEG
findings to the clinical condition of
the infant into stage | (mild), stage Il
(moderate), stage 111 (severe) HIE.

2) The Thompson score; Depend on the
grading of encephalopathy signs.
This scoring system has been used
widely than the Sarnat score as it
depends on neurological outcomes
during the first hours of life.

Methods:

All patients were suspected to full history
taking and clinical examination immed-
iately before imaging and clinical exami-
nation after imaging at the time of disch-
arge. Approval for this study was obtai-
ned from the Research Ethics Com-
mittee of Sohag Faculty of Medicine.
All study procedures were carried out
under the Declaration of Helsinki regar-
ding research involving human subjects
considering patient and methods.

MR imaging studies were performed
using an MRI system 1.5 tesla Achieva,
Philips superconductive MRI system in
Sohag university hospital. Brain coil
was used in cases done with this device.

The technique of MR imaging:

All patients come cooled from Sohag
Hospital Pediatric Neonatal Unite. All
patients were laid supine with the head
in a neutral position provide that the
patient is sleeping. No movement was
allowed during the examination as the
patient had taken hypnotic as chloral
hydrate from the oral route half an hour
before the study started.

MRI sequences

Axial TIWI.

Axial T2WI.

Axial FLAIR.

Axial DWI.

Coronal T2W1

Proton MR spectroscopy.

MRI Acquisition protocol

a. Conventional MRI  protocols;
included T1-weighted sequences (TR
6.6, TE 2.6, Tl 600, NEX 1, flip angle
25, matrix 192 x 192, 1.2 mm slice thic-
kness, 0 mm gap). T2- weighted axial
sequences (TR 4400, TE 120, NEX 2,
Matrix 384 x 320, 3 mm slice thickness,
1.0 mm gap), and Diffusion-weighted
imaging (DWI) with single shot, b value
= 1,000 mm2/s, (TR 8000, TE 78.8,
NEX 1, field of view (FOV) 220 x 220,
matrix 140 x 140, slice thickness 2.5
mm with 0.6 mm gap).
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b. H-MRS performed by multivoxel in-
termediate-echo sequence (TE, 144 ms,
TR, 1000 ms; 12 x 12 phase-encoding
steps; 128 signals acquired; 2 NEX, 15-
mm slab thickness; and a nominal voxel
size of 1.125 cm®). MRS acquisition
took 8 minutes. We measure the follo-
wing metabolites 1-Lactate as well as
its ratio to Creatine (Lac/Cr ratio) 2 -
NAA and its ratio to choline (NAA/Ch
ratio 3-Ratio of NAA to Last.

Statistical Analysis,

No Percent
Sarnat Staging | 23 46.0
1 20 40.0
11 7 14.0
Total 50 100.0

Table (1): Sarnat staging

c. Data were collected and entered to
the computer using SPSS (Statistical
Package for Social Science) program
for statistical analysis (ver 21). Data
were entered as numerical or catego-
rical, as appropriate. Kolmogorov-
Smirnov test of normality revealed
significance in the distribution of
some variables, so the non-param-
etric statistics was adopted.

d. Data were described using mini-
mum, maximum, mean, standard
deviation, and 95% CI of the mean
for the normally distributed data.
Data were described using minim-
um, maximum, median, and inter-
quartile range for not-normally distr-
ibuted data. Comparisons were
carried out between two studied ind-
ependent not-normally distributed
subgroups using the Mann-Whitney
U test.

Results

The study included 50 neonates; 32 (64
%) were males while the remaining 18
(36 %) were females. The gestational
age at birth was 37-41 weeks (mean,
37.9 weeks) and the average birth
weight was 3000-4000 gm (mean, 3.7
kg). At the time of the MRI exam-
ination, the mean age of the neonates

10

was 19.82 days. The mean age of the
study group was 19.8 days, with a range
from 6 days to one month (30 days).
Two-thirds of the cases (64%) were
males, and 36% were females. The
mean gestational age of the study group
was 37.92 weeks, with around 40% of
the cases had 38 weeks' gestational age.
The mean weight of the study neonates
was 3.7 Kg, with a range of 3-4 Kg. The
vast majority of our cases (78%) were
from rural areas, while only 22% were
from urban regions. The majority of
cases (72%) had a positive history of
obstetric problems. Among the studied
neonates, 23 cases (46 %) were

classified as Sarnat stage |1 or mild
degree HIE according to Thompson
score, 20 cases were Sarnat stage |1 or
moderate  degree, while the
remaining 7 cases were Sarnat stage
I11 or severe degree HIE as shown in
Table 1.

Table (1): Sarnat staging

Around half of the cases (46%) had a
mild Thompson score, 40% had a mod-
erate score and 14% had a severe score.
50 neonates; 7 of them had normal MRI
findings with normal neurological outc-
ome. The other 43 neonates showed di-
fferent patterns of injury; 24 neonates
showed a central pattern of injury (T1
hyperintensity of the putamina and thal-
ami (figurel) with loss of T1 hyperin-
tensity of the posterior limbs of the int-
ernal capsules (figure 2) and some cases
had shown decreased signal intensity of
both thalami in T2W1), 11 cases of them
had normal outcome at the time of early
discharge and 13 neonates had an abn-
ormal neurological outcome. We found
that 11 neonates showed a peripheral
pattern of injury (cortical, subcortical
white matter and or periventricular
white matter hyperintense signal in
T2W1, FLAIR and or DWI as in figure
(3); 5 cases show restriction of diffusion
in DWI and presented in early time
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(Within first 10 days) with or without
smudging of the grey-white matter int-
erface at the watershed regions), 3 neo-
logical outcome at the time of disch-
arge. While the other 8 neonates had
shown both central and peripheral patt-
erns of brain injury and all of them had
an abnormal outcome. 64% of the cases
had central brain injury; either alone

nates of 11 had normal neurological
outcome at the time of discharge and
other 8 neonates had abnormal neuro-
(48%) or combined with peripheral
injury (16%); while peripheral injury
alone was seen in 22% of the cases.
Seven cases (14%) had no brain injury
with normal MRI findings.

Figure (1); A) MRS shows an intermediate lactate peak. B) Axial TIW1 in 7 days' neonate
with severe signs of HIE, noted bilateral thalamic and basal ganglia hyperintensity signal

(Central type of brain injury).

Figure (2); A) Axial TIW1 in 25 days' neonate with mild signs of HIE, noted the mild bilateral
decreased signal intensity of posterior limbs of internal capsules B) MRS shows low lactate

peak (Central type of brain injury).

We found 5 cases with normal MRS;
No lactate peaks could be seen; Normal
high level of NAA, normal choline, and
creatine levels; we found 19 cases with
mild HIE (low lactate peak); Normal
NAA, normal choline and creatine
levels. We found 19 cases with
moderate HIE (intermediate lactate
peak), Mild decreased NAA. We found

11

7 cases with severe HIE (high lactate
peak), decreased NAA significantly,
and decreased NAA/choline ratio. In
injured newborns with HIE, a large
quantity of lactate is typically present
demonstrates a case of an HIE patient
born at term with elevated lactate levels
across the brain.
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Figure (3); A) Diffusion-weighted MR in 12 days' neonate presented with moderate HIE, Sarnat score
I1 with abnormal neurological outcome, noted bilateral occipito-parietal cortical and subcortical white
matter abnormal hyperintense signal B) Axial T1W1 shows preserved PLIC (peripheral pattern of brain

injury).

Only 45 of examined neonates show ab-
normal lactate peak; Low peak, mod-
erate peak or high peak, reduced NAA,
and elevated choline (figure 4), Altho-
ugh normal neonatal MRS usually rev-
eals mildly elevated choline and red-
uced NAA due to incomplete myeli-
nation process. We found that 48% of
the cases had abnormal neurological st-
atus at the time of discharge. 100% of
cases with abnormal outcome showed
abnormal MRI spectroscopic findings,
compared to 80.8% among those with
the normal outcome. The difference w-
as statistically significant with a p-value
of 0.031. Nearly all cases (90%) had
abnormal findings on MRI spectr-
oscopy as shown in table 2. 48% of the
cases had abnormal neurological status
at the time of discharge. 100% of cases
with abnormal outcomes showed abno-
rmal MRI spectroscopic findings, com-
pared to 80.8% among those with the
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normal outcome. The difference was
statistically significant with a p-value of
0.031. There was a highly significant
relationship between the type of brain
injury and outcome, with a p-value of
less than 0.001. Among those with the
abnormal outcome, 54.2% had a central
brain injury, 33.3% had both central and
peripheral injuries, 12.5 had only per-
ipheral injuries; while non of them had
a normal brain. On the other hand, amo-
ng those with the normal outcome,
42.3% had a central brain injury, 30.8%
had a peripheral injury, 26.9% had a
normal brain, and non-had combined
central and peripheral injuries. The sen-
sitivity of MRI to predict a poor outc-
ome is 100%. However, the specificity
is very low (19.23%), the positive and
negative predictive values are 53.33%
and 100%; respectively. Finally, the
overall accuracy is 59.62%.
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A)

B

Figure (4); A) MRS in 10 days' neonate presented with severe HIE, Sarnat scores Ill with
abnormal neurological outcome, noted marked decreased NAA with large inverted peak
Lactate. B) DWI shows bilateral basal ganglia marked hyperintense signal.

No Percent
MRI Normal 5 10.0
spectroscopy
findings Abnormal | 45 90.0
Total 50 100.0

Table (2): MRI spectroscopy findings;

Table 3 shows that the sensitivity of ce-
ntral brain injury to predict a poor outc-
ome is 87.5%; the specificity is 57.69%,
the positive and negative predictive

values are 65.63% and 83.33%; respe-
ctively. Finally, the overall accuracy is
72.6%.

Outcome Sensitivity | Specificity | PPV | NPV | Accuracy
Abnormal Normal
Central brain | Yes | 21 11 87.5 57.69 65.63 | 83.33 | 72.6
injury No |3 15
Chi square(p) | 11.063(0.0008)

Table (3): Agreement between outcome and central brain injury

The sensitivity of peripheral brain inju-
ry to predict a poor outcome is 45.83%;
the specificity is 70.37%, the positive
and negative predictive values are
57.89% and 59.38%; respectively. Fin-
ally, the overall accuracy is 58.1 %.

Discussion

In our study, the mean age of the study
group was 19.8 days, with a range from
6 days to one month (30 days), around
two-thirds of the cases (64%) were
males, and 36% were females, the mean
gestational age of the study group was
17.92 weeks, with around 40% of the
cases had 38 weeks' gestational age.
The mean weight of the study neonates
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was 3.7 Kg, with a range of 3-4 Kg. The
vast majority of our cases (78%) were
from rural areas, while only 22% were
from urban regions. The majority of
their cases (20 out of 29 cases) were
males, and the mean birth weight was
3.24 Kg (with a range from 2.05 to 4.48
Kg). On the other hand, in the study of
Lally et al.; the mean age was 23
months, mean birth weight was 3.4 kg,
mean gestational age in their study was
39.9 weeks, with 216 infants underg-
oing 72 h of moderate hypothermia
(33.5°C), six infants being rewarmed
before 72 h, and one infant being
rewarmed after 96 h due to local clinical
decisions (8).
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In the current study, 46% of the cases
had Sarnat stage I, 40% had Sarnat
stage Il while only 14% had stage IlI,
around half of the cases (48%) had mild
Thompson score, 38% had a moderate
score and 14% had a severe score.
According to the Egyptian study of
Noaman et al.; 50% of the cases have
Sarnat stage I, 36.7% had stage 1l and
13.3 had stage I11 (9).

We found that 7 neonates of our study
had normal MRI findings with normal
neurological outcome. Others showed
different patterns of injury; 24 neonates
showed central pattern (T1 hyperint-
ensity of the putamina and thalami with
loss of T1 hyperintensity of the posterior
limbs of the internal capsules and some
cases had shown decreased signal
intensity of both thalami in T2WI), 11
cases of them had normal outcome at
the time of early discharge and 13
neonates had an abnormal neurological
outcome. We found that 11 neonates
had shown a peripheral type of injury
(cortical, subcortical white matter and
or periventricular white matter hype-
rintense signal in T2W1, FLAIR and or
DWI; 5 cases show restriction of diffu-
sion in DWI and presented in early time
(Within first 10 days) with or without
smudging of the grey-white matter
interface at the watershed regions). We
found that 3 neonates of 11 had normal
neurological outcomes at the time of
discharge and the other 8 neonates had
abnormal neurological outcomes at the
time of discharge. While the other 8
neonates had shown both central and
peripheral patterns of brain injury and
all of them had an abnormal neuro-
logical outcome. In our study, 64% of
our cases had central brain injury; either
alone (48%) or combined with periph-
eral injury (16%); while peripheral inju-
ry alone was seen in 22% of the cases.
Seven cases (14%) had no brain injury.
According to Lally et al.; 31 infants
(16%) had moderate or severe disab-
ility, including one death (10). In the

14

study of Gue et al.; out of the total of 29
cases, 13 cases had no MRI abnorm-
alities; 10 had minor to moderate abnor-
malities; 4 cases had severe abnorm-
alities; with two mortality cases (one
after 6 days and one after 12 days) (11).
According to Noaman et al.; the MRS
showed that 56.7% of the cases had
mild hypoxic-ischemic encephalopathy
(HIE); 30% had moderate HIE and 13.3
had severe HIE, a picture which was
non significantly different from Sarnat
classification of the same cases (12).
We found that nearly all cases (90%)
had abnormal findings on MRI spect-
roscopy. We found that 48% of the
cases had abnormal neurological status
at the time of discharge. 100% of cases
with abnormal outcome showed abnor-
mal MRI spectroscopic findings, comp-
ared to 80.8% among those with the
normal outcome. The difference was
statistically significant with a p-value of
0.031

Although we found that there was a
highly significant relationship between
the type of brain injury and outcome,
with a p-value of less than 0.001. Amo-
ng those with the abnormal outcome,
54.2% had a central brain injury, 33.3%
had both central and peripheral injuries,
12.5 had only peripheral injuries; while
none of them had a normal brain. On the
other hand, among those with the norm-
al outcome, 42.3% had a central brain
injury, 30.8% had a peripheral injury,
26.9% had the normal brain, and non-
had combined central and peripheral
injuries.

In this study, the sensitivity of MRI to
predict a poor outcome is 100%.
However, the specificity is very low
(19.23%), the positive and negative
predictive values are 53.33% and
100%; respectively. Finally, the overall
accuracy is 59.62%. The sensitivity of
central brain injury to predict a poor
outcome is 87.5%; the specificity is
57.69%, the positive and negative pred-
ictive values are 65.63% and 83.33%;
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respectively. Finally, the overall accur-
acy is 72.6%. The sensitivity of periph-
eral brain injury to predict a poor outc-
ome is 45.83%; the specificity is
70.37%, the positive and negative pred-
ictive values are 57.89% and 59.38%;
respectively. Finally, the overall accur-
acy is 58.1%.

We found 19 cases with mild HIE (low
lactate peak); Normal NAA, normal ch-
oline, and creatine. We found 19 cases
with moderate HIE (intermediate lact-
ate peak), mildly decreased NAA. We
found 7 cases with severe (high lactate
levels). Decreased NAA significantly
and decreased NAA/choline ratio. In
injured newborns with HIE, a large qua-
ntity of lactate is typically present dem-
onstrates a case of an HIE patient born
at term with elevated lactate levels acro-
ss the brain. We found 48% of the cases
had abnormal neurological status at the
time of discharge. 100% of cases with
abnormal outcome showed abnormal
MRI spectroscopic findings, compared
to 80.8% among those with the normal
outcome. The difference was statisti-
cally significant with a p-value of
0.031.

Only 45 of examined neonates show
abnormal lactate peak; Low peak,
moderate peak or high peak, reduced
NAA, and elevated choline, although
normal neonatal MRS usually reveals
mildly elevated choline and reduced
NAA due to incomplete myelination
process. The study of Zhu et al. showed
that; differences in N acetyl-aspartate
(NAA)/Cr, NAA/Cho, Lac/Cr, and
GLx-a/Cr values between the HIE and
control groups were significant. More-
over, the values of GIx-a/Cr and Lac/Cr
in the moderate and severe HIE groups
were higher than those in the mild HIE
group (13). Lally et al. reported in their
study that sensitivity of MRI was 88%
(95% CI 70-98) and specificity of 90%
(84-95), in their study, basal ganglia or
thalamic. injury on conventional MRI
had a sensitivity of 71% (95% CI 52—

15

86) and specificity Of 88% (82-93),
their results confirming the results of
previous meta-analysis (14). The meta-
analysis of Thayyil et al. reported that
prognostic utilities of various quanti-
tative cerebral MR biomarkers in neon-
atal encephalopathy. Thirty-two studies
were included that were performed bet-
ween January 1990 and July 2008. Reg-
arding predicting adverse outcomes,
T1WIs during the first 30 days had a
pooled sensitivity of 91% (95% confi-
dence interval [CI], 8794%). The patt-
ern of injury identified with TIWI may
provide diagnostic and prognostic inf-
ormation for neonatal encephalopathy
(15, 16).

Also, Gue et al. reported that the T1
images in the mild to moderate (n=13)
and severe group (n=11) were similar,
with punctate hyperintensity in the cort-
ex or subcortical white matter (P>0.05).
Profound lesions in the basal ganglia
and thalamus are often associated with
serious HIE (17).

Similar to our findings, Cheong et al.
reported in their study that metabolite
concentrations, in particular [NAA], are
the most accurate of the MR spectro-
scopy measurable in neonatal enceph-
alopathy for assigning prognosis (18).
A preliminary study of Cady on metab-
olite concentrations in neonates with
neonatal encephalopathy documented
increases in [Lac] and reductions in
[NAA], [Cho], and [Cr] (18), similar to
those reported in our study.

Conclusion:

MR spectroscopy is an accurate, sensi-
tive, and non-invasive method for early
detection of perinatal ischemic brain in-
juries. However, the specificity of this
maneuver is very low, especially if used
in the prediction of a poor outcome
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