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ABSTRACT

Objective: The aim of this study is to compare magnetic resonance imaging (MRI) findings with severity 
of hypoxic-ischemic encephalopathy (HIE) in term neonates.
Methods: Sixty-three newborns with HIE in whom cranial MRIs were performed within the first 3 weeks 
of life between 2016 and 2020 were included in the study. Severity of HIE was graded using Sarnat & 
Sarnat staging. In statistical analysis, Stage 1 was considered as mild, Stage 2 or 3 as severe HIE. The 
signal intensities of perirolandic cortex, posterior limb of internal capsule (PLIC), globus pallidus, and 
cerebrospinal tract on T1- weighted imaging (T1WI), and of perirolandic cortex, PLIC, ventrolateral 
thalamus, lateral edge of putamen and tegmentum on T2WI, and brain diffusion weighted imaging (DWI) 
findings were evaluated with consensus by two radiologists blinded to clinical findings. Gestational age, 
birth weight and MRI signal intensities were compared with HIE groups using t test, and Fisher-Exact 
test.
Results: There were 31 and 32 infants with mild and severe HIE, respectively. Gestational age and birth 
weight were not different between mild and severe HIE groups. The number of cases with abnormal 
signals in PLIC and globus pallidus on T1WI, and PLIC on T2WI were significantly higher in severe HIE 
(p=0.022, p=0.008, and p=0.032, respectively). The presence of signal abnormality in other regions and 
DWI were not significantly different between HIE groups.
Conclusion: Cranial MRI may play a remarkable role in determining pattern and severity of HIE. Signal 
abnormality in PLIC and globus pallidus may suggest severe HIE in term neonates.

Keywords: Neuroimaging, magnetic resonance imaging, diffusion magnetic resonance imaging, hypoxic-
Ischemic encephalopathy, neonate

ÖZ

Amaç: Bu çalışmanın amacı, term yenidoğanlarda manyetik rezonans görüntüleme (MRG) bulgularıyla 
hipoksik-iskemik ensefalopati (HİE) şiddetinin karşılaştırılmasıdır.
Yöntem: 2016 ile 2020 arasında HİE tanılı ve doğumdan sonraki 3 hafta içerisinde kraniyal MRG yapılan 63 
term yenidoğanı kapsamaktadır. HİE, Sarnat & Sarnat sınıflaması ile evrelenmiştir. Evre 1 hafif HİE, evre 2 
veya 3 şiddetli HİE olarak kabul edildi. T1 ağırlıklı görüntülemede (AG) perirolandik korteks, internal kapsül 
arka bacağı (İKAB), globus pallidus, serebrospinal tractus sinyali, T2AG’de perirolandik korteks, İKAB, vent-
rolateral talamus, putamen lateral kenarı ve tegmentum sinyali ve difüzyon kısıtlaması klinik bilgiden 
yoksun 2 radyolog tarafından konsensüs ile değerlendirildi. Hafif ve şiddetli HİE hasta grubu, gebelik haf-
tası ve doğum ağırlığı açısından t testi, MRG sinyali Fisher-Exact testi kullanılarak karşılaştırıldı.
Bulgular: Otuz-bir yenidoğanda hafif, 32 yenidoğanda şiddetli HİE vardı. Hafif ile şiddetli HİE hasta grubu 
karşılaştırıldığında, gebelik haftası ve doğum ağırlığı açısından fark yoktu. T1A’da İKAB ve globus pallidus-
ta, T2A’da İKAB’da anormal sinyal, şiddetli HİE’de daha fazlaydı (sırasıyla p=0,022, p=0,008 ve p=0,032). 
Diğer bölgelerin T1 ve T2A sinyali ve difüzyon kısıtlılığı farklı değildi.
Sonuç: MRG, HİE şiddetini ve paternini tespit etmede önemli bir rol oynar. Term yenidoğanda kraniyal 
MRG’de, İKAB’da T1 ve T2A’da ve globus pallidusta T1A’da anormal sinyal, şiddetli HİE’yi akla getirmelidir.

Anahtar kelimeler: Nörogörüntüleme, manyetik rezonans görüntüleme, difüzyon ağırlıklı görüntüleme, 
hipoksik-iskemik ensefalopati, yenidoğan
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INTRODUCTION
	
Hypoxic-ischemic encephalopathy (HIE), in other 

words perinatal asphyxia, is one of leading causes of 
neonatal mortality and morbidity worldwide (1). 
Hypoxic or ischemic processes may result in brain 
injury which can be reversible or irreversible. 
Approximately 40% of survivors have neurological 
disorders such as cerebral palsy, mental retardation, 
epilepsy despite hypothermia treatment (2,3).

In hypoxic-ischemic neonates, the first 6 hours of 
life is critical to start therapeutic hypothermia. 
Hypothermia, as a neuroprotective treatment, 
reduces neonatal mortality and morbidity, and 
improves long-term outcomes (2,4,5). Despite 
hypothermia treatment, neonates with severe and 
prolonged HIE still develop adverse outcomes (3,6). 
Severity of HIE can be determined by Sarnat & Sarnat 
clinical staging in early period (7). The Bayley Scales of 
Infant and Toddler Development-III (Bayley-III) is 
used in infants between 18 and 24 months to 
determine long- term results. However, MRI is the 
ideal technique to detect perinatally acquired 
cerebral lesions and evaluate therapeutic efficacy of 
hypothermia (4). 

In a healthy term infant, perirolandic cortex, 
posterior limb of internal capsule (PLIC), cerebrospinal 
tractus, and globus pallidus demonstrate high signal 
intensities on T1- weighed images (T1WI). Perirolandic 
cortex, PLIC, ventrolateral thalamus, tegmentum and 
lateral edge of putamen have low signal intensities 
on T2WI (5). Absence of increased T1 signal intensity 
of PLIC may predict severe outcome (8). Widespread 
signal abnormalities were also significantly associated 
with poor neurological outcome (9). We evaluated 
MRI signal intensities of these specific regions one 
by one. 

The main goal of this study is to compare MRI 
findings with severity of HIE in term neonates. 

MATERIAL and METHOD

Study population
This was a retrospective study approved by the 

ethics committee. It included hospitalized term (≥35 

weeks of gestational age) neonates, who were 
clinically diagnosed with HIE, and had cranial MRI 
within the first 3 weeks after birth between 2016 
and 2020. The cases who had any contraindication 
for MRI, could not undergo MRI due to unstable 
clinical conditions or death, underwent MRI when 
older than 3 weeks of age (n:3), had non-diagnostic 
MRIs due to prominent artifacts (n:2) and preterm 
infants were excluded from the study. 

Categorization of HIE
Severity of HIE was graded using Sarnat & Sarnat 

scale (7). Accordingly, stages of HIE were divided into 
3 levels using characteristic features as alertness, 
muscle tone, posture, reflexes, pupils, seizures, 
electroencephalography (EEG) findings, and 
duration of HIE. Stage 1 infants are hyperalert, have 
normal or increased muscle tone, normal posture, 
hyperactive tendon reflexes, mydriatic pupils 
without seizures and normal EEG with HIE lasting 
less than 24 hours. Stage 2 infants are lethargic, 
hypotonic, miotic, and had weak reflexes. 
Conversely, Stage 3 infants are in coma, and 
characterized with flaccid muscle tone, decerebrate 
posture, absence of tendon reflexes, anisocoric 
pupils, decerebrate seizures, and burst suppression 
or isoelectric activity in EEG persisting for weeks. 
Stage 1 was considered as mild, Stages 2 and 3 as 
severe HIE in statistical analysis.

Acquisition and evaluation of the MRIs
All patients were scanned with a 1.5 Tesla (T) 

scanner (Toshiba, Japan). Cranial MRIs included axial 
and sagittal T1W fast spin echo (FSE), axial T2W FSE, 
axial and coronal T2W fluid attenuated inversion 
recovery (FLAIR), axial flow-sensitive black blood 
imaging susceptible to hemorrhage, and axial 
diffusion weighted imaging with b:0 and b:1000 sec/
mm2 and apparent diffusion coefficient map. The 
acquisition parameters are given in Table 1. 

In the first session, the images were evaluated 
independently by two radiologists blind to any clinical 
information. Interreader agreement was determined. 
In the second session, discrepancies were resolved, 
and definitive results were achieved by consensus. 
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The signal intensities of perirolandic cortex, PLIC, 
globus pallidus, and cerebrospinal tract on T1WI, 
and of perirolandic cortex, PLIC, ventrolateral 
thalamus, lateral edge of putamen and tegmentum 
on T2WI were evaluated. The signal intensities of 
these regions were recorded as normal or pathologic 
based on the predefined criteria (5). DWI and ADC 
images were evaluated for the presence or absence 
of diffusion restriction.

Statistical analysis
Data were analyzed with SPSS version 20 (IBM®, 

Armonk, NY, USA). Interreader agreement was 
determined using Kappa statistics, and classified as 
follows: 0.01-0.20, slight; 0.21-0.40, fair; 0.41-0.60, 
moderate; 0.61-0.80, substantial; and 0.81-0.99, 
almost perfect interreader agreement. 

In patient groups with mild and severe HIE, 
gestational ages and birth weights were compared 
using t test, and MRI signals using Fisher Exact test. 
P<0.05 was considered statistically significant.

RESULTS 
	
The median age of 63 cases (33 girls and 30 boys) 

included in this study was 7 days (±3.2). Median 
gestational age and birth weight were 39 weeks and 
3340 grams, respectively (Table 2). Twenty-eight 
infants were born by normal vaginal delivery, and 35 
infants by cesarean section. 

According to Sarnat & Sarnat classification, the 
neonates had Stage 1 (n=31), 2 (n=21), and 3 (n=11)
HIE. Consequently, 31 newborns had mild, and 32 
had severe HIE. 

Interreader agreement was almost perfect 
(Kappa=0.867). Thirty-three (52.4%) infants had totally 
normal MRI findings (Figure 1). Twenty-one of 33 
(63.6%) infants had mild, while 12 (36.4%) infants had 
severe HIE. On the other hand, 30 (47.6%) infants had 
at least a pathology in their MRIs. On T1WI, the signal 
was abnormal in perirolandic cortex in 10, internal 
capsule in 17, globus pallidus in 16, and cerebrospinal 
tract in 12 infants. On T2WI, the signal was abnormal 
in perirolandic cortex in 7, internal capsule in 14, 
thalamus in 12, putamen in 7, and tegmentum in 9 
infants (Figure 2). On DWI, diffusion restriction was 
not seen in 38 out of 63 patients (Figure 3). 

There was no significant difference between mild 
and severe HIE groups in terms of gestational age 
and birth weight (p=0.183 and p=0.625, respectively). 
PLIC signal on T1WI was abnormal in 12.9% of infants 
with mild HIE, and in 40.7% of infants with severe 
HIE with a statistically significant intergroup 
difference (p=0.022). Globus pallidus signals detected 
on T1WI was abnormal in 9.7% of infants with mild , 
and 40.7% of infants with severe HIE with a statistically 
significant intergroup difference (p=0.008). PLIC 
signal on T2WI was more frequently abnormal in 
infants with severe HIE (p=0.032). The signal 
intensities of other regions were not statistically 
different between mild and severe HIE groups (Table 
3). Diffusion restriction was noted in 29% of infants 
with mild, and 50% of infants with severe HIE 
without any statistically significant intergroup 
difference (p=0.123). 

Table 1. Acquisition parameters of cranial MRI.

Axial T1WI FSE
Axial T2WI FSE
Axial T2WI FLAIR
Coronal T2WI FLAIR
Sagittal T1WI FSE
Axial GRE*
DWI**

TR: repetition time; TE: echo time; T1WI: T1 weighted imaging; 
T2WI: T2 weighted imaging; FSE: fast spin echo; FLAIR: Fluid 
attenuated inversion recovery; GRE: gradient echo; DWI: diffusi-
on weighted imaging.
*Flow-sensitive black blood imaging susceptible to hemorrhage. 
**Diffusion weighted imaging with b:0 and b:1000 sec/mm2 in 
axial plane. 

Field-of-
view 
(mm)

190x190
190x152
190x152
170x170
210x168
180x144
280x124

Matrix 
(frequency x 

phase)

304x160
352x160
256x160
320x160
256x160
256x160
192x128

Slice 
thickness 

(mm)

2.5
2.5
2.5
3
3
1
4

TR 
(msn)

773
6206
7900
6898
432
29

5600

TE 
(msn)

12
105
105
105

8
20

120

Table 2. Demographic results of the cohort .

Age (days)
Gestational age (weeks)
Birth weight (grams)

Gender

Type of birth 

SD: standard deviation; C/S: cesarean section.

Mean±SD

6.8±3.2
38.8±1.8

3268±506
#Girl
33

#Normal
28

Minimum-maximum

1-21
35-42

1300-4230
#Boy
30

#C/S
35
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DISCUSSION
 
In this study, we found that signals of PLIC on 

T1WI and T2WI and globus pallidus on T1WI were 
more frequently abnormal in term infants with 
severe HIE than in term infants with mild HIE. All 

infants included in the study were in their first 3 
weeks of life. 

Two basic MRI patterns are defined in term 
infants with HIE: 1. Peripheral/watershed pattern, 2. 
Central/basal ganglion-thalamic pattern (5,6,10,11). Mild 
to moderate HIE causes peripheral injury which 

! !

!

* * 

! !

Figure 1. Normal signals of the specific regions in different term neonates with mild HIE. Perirolandic cortex is a) hyperintense in T1, 
and b) hypointense in T2 weighed imaging (WI) (arrows). c) Globus pallidus (arrows) is brighter than putamen (asterisks), and d) pos-
terior limb of internal capsule (PLIC) is hyperintense (arrows) in T1WI. e) PLIC (arrowheads) is shown as a thin dark bant, and ventro-
lateral thalamus (arrows) was hypointense in T2WI. 

a b

c d e
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!

* * 

!

* * 
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Figure 2. Abnormal signals of the specific regions in different term neonates with severe HIE. a) Case 1 is presented with absent hype-
rintense posterior limb of internal capsule (PLIC) despite having hyperintense globus pallidus (asterisks) in T1 weighted imaging (WI). 
b) Case 2 has abnormal globus pallidus without hyperintensity in T1WI. c) Case 3 has absent hypointense PLIC sign despite having 
hypointense ventrolateral thalamus (plus signs) in T2WI. d) Case 4 has neither hypointense PLIC nor hypointense thalamus in T2WI.

a b

c d
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involves peripheral cortex and adjacent subcortical 
white matter in the parasagittal border zones. Severe 
HIE results in central injury affecting basal ganglia, 
thalamus, hippocampus, and brain stem (6). Miller et 
al reported that the central pattern was associated 
with more intensive resuscitation at birth, more 
severe encephalopathy, and seizure. It was related 
with impaired cognitive and motor sequelae at 30 
months, as well (12). In our study, abnormal globus 
pallidus signal on T1WI was associated with severe 
HIE. This result supports the assumption that central 
pattern may have a poor prognosis.

Internal capsule carries critically important fibers 
including corticospinal tractus with major motor fibers 
and corticothalamic connections (13). These fibers are 
myelinated in term infants and easily visible with high 
signal intensity on T1WI and low signal intensity on 
T2WI (5,6,13). Abnormal signal in PLIC is a strong predictor 
of abnormal motor outcome (8,9,14). Okereafor et al. (14) 
reported that 86% of term infants who died or 
developed cerebral palsy had abnormal signals in 
PLIC. Liauw et al. (15) investigated signals of 19 different 

Table 3. Comparison of MRI findings of the infants with mild 
and severe HIE.

Gestational age (weeks) (mean±SD)
Birth weight (grams) (mean±SD)
Number of cases with normal 
MRIs
Number of cases with 
abnormal MRIs 
Abnormal signals
Perirolandic cortex on T1WI
PLIC on T1WI
Globus pallidus on T1WI
Corticospinal tractus on T1WI
Perirolandic cortex on T2WI
PLIC on T2WI
Thalamus on T2WI
Putamen on T2WI
Tegmentum on T2WI
Diffusion restriction on DWI

#Mild HIE 
n:31 (%)

39±1.7
3297±569

21

10

4 (12.9)
4 (12.9)
3 (9.7)
3 (9.7)
3 (9.7)
3 (9.7)
3 (9.7)
2 (6.5)
3 (9.7)
9 (29)

#Severe HIE 
n:32 (%)

38.5±1.8
3239±444

12

20

6 (18.8)
13 (40.7)
13 (40.7)
9 (28.1)
4 (12.5)

11 (34.4)
9 (28.1)
5 (15.6)
6 (18.8)
16 (50)

P value

0.183
0.625

0.732
0.022
0.008
0.107

1
0.032
0.107
0.426
0.474
0.123

HIE: hypoxic ischemic encephalopathy; SD: standard deviation; 
T1WI: T1 weighted imaging; PLIC: posterior limb of internal cap-
sule; T2WI: T2 weighted imaging; DWI: diffusion weighted ima-
ging. 

! !

Figure 3. Diffusion weighted imaging with a) b:1000 sec/mm2 and b) apparent diffusion coefficient map (ADC) is showing extensive 
acute diffusion restriction affecting left frontal deep white matter and almost diffuse bilateral parietal lobe (arrows). 

a b
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brain regions on T1WI and found that lower signal 
ratio of PLIC/posterolateral putamen was correlated 
with adverse outcome. Positive predictivity of PLIC/
putamen ratio was higher than that of Sarnat & Sarnat 
staging (69% vs 52%, respectively). In our study, 
abnormal PLIC signals on T1 and T2WI were more 
frequently associated with severe HIE when compared 
with mild HIE. 

American College of Obstetricians and 
Gynecologists (ACOG) suggested that early imaging 
can be obtained within the first 24-96 hours, optimally 
at 10 days but with an acceptable window between 
7-21 days of life (3). DWI is useful in detection of 
cytotoxic edema even at 24th hour. It is more sensitive 
than T1W1 or T2WI in the first week. Signal 
abnormality on DWI usually peaks at 3-5 days of life 
while early imaging before 5 days may underestimate 
the injury on T1WI and T2WI. On the other hand, 
T1WI and T2WI present details about anatomy and 
myelinization process. These sequences are valuable 
between 7-14 days of life when signal abnormality 
begins to normalize on DWI (pseudo-normalization 
on 10th-12nd day) (6,11). Additionally, neonatal brain 
MRI should be optimized with a higher repetition 
time, compared to adults, for both T1WI (800 msec 
vs 400 msec) and T2WI (6500 msec vs 4000 msec) 
(16). In our study, MRIs were optimized for neonatal 
imaging and obtained within 3 weeks complying 
with ACOG’s proposal. Although the purpose of the 
study was not to make comparisons between DWI 
and conventional MRI sequences, we realized that 
abnormal signals were more often seen on DWI than 
on T1WI or T2WI. In our study, DWI findings were 
not significantly different between mild and severe 
HIE groups which may be due to the timing of our DWI 
acquisitions. DWI evaluation within the first 5 days of 
life would improve the value of this technique. We 
evaluated DWI data only for the presence or absence 
of diffusion restriction; however, detailed evaluation 
including the location of diffusion abnormality would 
further improve the benefits of DWI. 

Cranial ultrasonography is an option in suspected 
cases with HIE. It is useful in detection of 
hydrocephalus, cystic periventricular leukomalacia, 
and germinal matrix hemorrhage which is a 

predominant pattern in HIE of premature infants. It 
has a limited value in the detection of cortical lesions 
and highly operator dependent (6). CT may be useful 
in screening for bleeding without need for sedation 
(17). However, it has several disadvantages including 
limited contrast resolution, inability to discriminate 
between gray, and white matter abnormalities, and 
radiation exposure. Magnetic resonance spectroscopy 
(MRS) has a potential in early detection of HIE even 
within first 24 hours after birth in term neonates (5). 
Elevated lactate-choline ratio was related with poor 
neurological outcome (18). However, MRS is prone to 
artifact formation, may require sedation, and has 
limited availability (6,19). We did not use these methods 
due to the limitations described above. 

This study had several limitations. Firstly, it was a 
retrospective study with a small sample size. These 
types of studies have the potential of bias. We 
evaluated the MRIs by two radiologists blinded to 
clinical findings to minimize bias. Secondly, some 
infants were too small that resulted in low signal-to-
noise ratio. Motion-free acquisition is also difficult in 
infants. Although non-diagnostic MRIs were excluded 
(n:2) and MRIs were optimized for infants, the image 
quality was still poor in 1.5 T for some neonates. The 
3 T scanners might provide a better image quality. 
Thirdly, the findings of MRIs were compared with 
Sarnat & Sarnat clinical staging. Further clinical 
outcomes could not be estimated based on these 
results due to lack of long-term neurological 
assessment. 

In conclusion, cranial MRI demonstrates 
involvement and spread of brain injury in HIE. 
Abnormal signals detected in PLIC and globus pallidus 
in conventional MRI may suggest severe HIE. These 
retrospective findings should be supported with 
prospective studies.

Ethics Committee Approval: S.B.Ü. Izmir Dr. Behçet 
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ned (19.11.2020/209).
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