
In neonates and young children, global brain hypoxia-
ischemia is a common mechanism of brain injury (1).

Among all hypoxic-ischemic encephalopathy (HIE) cas-
es, 15-20% of patients die during the neonatal period
and 30% of those who survive suffer from neuro-devel-
opmental disorders, such as cerebral palsy and mental
retardation (2). Clinical confirmation of ischemic dam-
age is often difficult (3). Advances in neuroimaging have
made a significant impact on HIE by demonstrating its
pathology (4).
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Purpose: To determine which magnetic resonance (MR) imaging sequence demon-
strates the highest lesion conspicuity for lesion detection in neonates with hypoxic-is-
chemic encephalopathy (HIE).
Materials and Methods: In 30 neonates with HIE, lesion conspicuity in different brain
structures was retrospectively compared on T1-weighted images, T2-weighted images,
fluid-attenuated inversion recovery images, and diffusion-weighted images (DWI). The
brain structures were categorized as follows: cerebral cortex; cerebral white matter;
deep gray matter; posterior limb of the internal capsule (PLIC); brain stem; and cere-
bellum.
Results: For the deep gray matter, T1-weighted imaging was superior to the other se-
quences in lesion detection of 9 of 14 patients (64.3%), whereas DWI was superior in
only 4/14 patients (28.6%). For the cerebral cortex, T1- and DWI were similar in lesion
conspicuity (5/13 patients and 6/13 patients, respectively). For the white matter, HIE
lesions were most conspicuous on DWI in a majority of the study patients. Lesions
were detected in the cerebral white matter in 16/20 patients (80.0%), lesions were de-
tected in the PLIC in 11/12 patients (91.7%), lesions were detected in the corticospinal
tract in the brain stem in 11/11 patients (100%) and lesions were detected in the cere-
bellar white matter in one patient (100%).
Conclusion: In neonates with HIE, white matter lesions are most conspicuous on
DWI, whereas gray matter lesions tend to have greater conspicuity on T1-weighted
images than on the other MR sequences.
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However, the use of conventional magnetic resonance
(MR) imaging techniques is known to be limited for the
detection of the presence and extent of hypoxic-is-
chemic injury due to incomplete myelination and the
high water content of the neonatal brain (5, 6). On diffu-
sion-weighted imaging of neonates with HIE, underesti-
mation of the extent of disease or false-negative results
have been consistently reported (7-11). Therefore, all
MR sequences are limited to some extent in their ability
to depict HIE lesions. Furthermore, there is little avail-
able data regarding which sequence best depicts HIE le-
sions. The purpose of this study is to compare lesion
conspicuity in neonates with HIE on various MR imag-
ing sequences and to determine which sequence
demonstrate the highest lesion conspicuity for lesion de-
tection.

Materials and Methods

Subjects

From a review of our hospital database, we retrospec-
tively identified neonates born after a gestational age of
more than 35 weeks, i.e. near-term and term-born
neonates, who had been examined with brain MR imag-
ing between March 2002 and November 2006. The in-
fants were selected if they had an apparent history of
global hypoxic-ischemic injury and abnormalities that
were seen on MR images.

The presence or absence of MR imaging abnormalities
were determined by one radiologist based on the use of
the following method. The MR images were compared
with the MR images of neonates without brain abnor-
malities. Neonates without pathological changes seen at
MR imaging were identified by using a keyword query
in our picture archiving and communication system for
the period from December 2005 to November 2006. The
selected keyword was “no remarkable abnormal find-
ing”. MR examinations were selected consecutively
from November 2006 back to December 2005 until the
target numbers of 10 patients were reached. MR exami-
nations in these control subjects were performed for an
analysis of neonates that were suspected of having a
brain tumor or congenital abnormality. One radiologist
evaluated the MR images in these neonates, and the im-
ages disclosed a normal degree of myelination and no
pathological changes. These normal brain MR images
were compared with images of patients that suffered hy-
poxic-ischemic injury to determine the presence or ab-
sence of MR imaging abnormalities.

Thirty neonates aged 1-20 days (mean, 5.9 days) with
HIE were identified. Fourteen of the neonates were fe-
male, and sixteen were male. MR imaging was per-
formed six hours to 12 days (mean, 4.0 days) after the
hypoxic-ischemic injury which included perinatal as-
phyxia (n = 24), neonatal seizure (n = 2), apnea (n = 2),
and milk aspiration (n = 1). For this type of study, our
institution did not require institutional review board ap-
proval.

MR imaging

MR imaging was performed using a 1.5 T MR scan-
ner, either a Magnetom Vision (Siemens, Erlangen,
Germany; n = 14) or a Magnetom Sonata (Siemens;
n=16). The following sequences were performed in all
patients: axial T1-weighted imaging (time to repeat (TR)
= 400-862 ms, time to echo (TE) = 12-20 ms), axial
and coronal fast spin echo T2-weighted imaging (TR =
3140-7180 ms, TE = 90-117 ms) with fat suppression,
axial fluid-attenuated inversion recovery (FLAIR) imag-
ing (TR = 6000-9000 ms, TE = 100-119 ms, inversion
time = 2500 ms), and axial diffusion-weighted imaging.
In eight patients, axial gradient-echo (GRE) imaging (TR
= 452-703 ms, TE = 15-26 ms, flip angle = 15-20
degrees) was also performed. The field of view (FOV),
generally 105-150×120-160 mm, was adapted to the
head size of the neonate. Other imaging parameters
were as follows: section thickness, 3-5 mm; acquisition
matrix, 256×256. Diffusion-weighted imaging was per-
formed using an echo planar sequence with a 128×128
acquisition matrix, a 170-230×170-230 mm FOV, a
3-5 mm section thickness, and a b value of 0 and 1000
s/mm2. Apparent diffusion coefficient (ADC) maps were
obtained for all patients. Contrast-enhanced axial T1-
weighted imaging was performed on 28 of 30 patients.
For contrast studies, 0.2 mmol/kg gadopentate dimeglu-
mine (Magnevist, Schering, Germany) was injected in-
travenously.

Lesion evaluation

One neuroradiologist and one radiologist, who did not
participate in the process of the patient selection and
were blinded to the specific clinical history, retrospec-
tively compared the conspicuity of the HIE lesions on
T1-weighted images, T2-weighted images, FLAIR im-
ages, and diffusion-weighted images, and determined
which sequence demonstrated the highest lesion con-
spicuity for lesion detection. The most conspicuous se-
quences in different brain structures were then tabulat-
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ed (Table 1). Disagreements regarding the findings were
resolved by consensus. Brain structures were divided as
follows: the cortex of both cerebral hemispheres; the
white matter of both cerebral hemispheres; the deep
gray matter; and the posterior limb of the internal cap-
sule (12, 13); brain stem; and cerebellum. On GRE im-
ages that were obtained in eight patients, evidence of he-
morrhage or calcification was evaluated. On post-con-
trast images, we determined whether contrast enhance-
ment improved the lesion conspicuity. ADC maps were
evaluated to verify a decrease of then ADC in hyperin-
tense lesions on diffusion-weighted images.

Results

The results of qualitative analysis for lesion conspicu-
ity and the patient characteristics are shown in Table 1.
Table 2, which summarizes the findings of Table 1,

shows the distribution of the most conspicuous MR se-
quences in different brain structures.

In the deep gray matter, T1-weighted images frequent-
ly depicted HIE lesions with greater conspicuity than
diffusion-weighted images (9 of 14 patients, 64.3%)
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Table 1. The Most Conspicuous MR Sequences in the Different Brain Structures and Clinical Data on 30 Neonates with HIE

Patient 
Deep  

Cerebral 
Cerebral 

brain 
GA Age of Time after 

No.
gray

cortex
white 

stem
PLIC cerebellum (weeks- imaging hypoxic ischemic Clinical history

matter matter days) (days) injury (days)

01 - - D - - - 36-5 07 02 Neonatal seizure
02 - - D D D - 36-2 04 04 Perinatal asphyxia 
03 - F F D D - 36-1 06 06 Perinatal asphyxia 
04 D - D D D - 35-3 05 05 Perinatal asphyxia 
05 - - F - - - 38 14 12 Sudden apnea
06 T1 D D D D - 40-6 03 03 Perinatal asphyxia
07 F F - D D - 39 09 09 Perinatal asphyxia
08 - - D - - - 39-1 06 06 Perinatal asphyxia
09 T1 - D D D - 39-4 03 03 Perinatal asphyxia
10 - - D - - - 37-1 01 01 Perinatal asphyxia
11 T1 T1 - - - - 39 01 23 hours Perinatal asphyxia
12 D D - D - - 40-5 06 06 Perinatal asphyxia
13 T1 - - - - - 38-1 11 11 Perinatal asphyxia
14 - - F - - - 38-3 06 06 Perinatal asphyxia
15 D - - D - D 40-5 01 01 Perinatal asphyxia
16 D D D - - - 39 01 01 Perinatal asphyxia
17 T1 - F - D - 38-1 6 hours 6 hours Perinatal asphyxia
18 T1 - D - - - 37-4 08 04 Milk aspiration
19 - - D D D - 38 02 02 Perinatal asphyxia 
20 - T1 D D D - 40-3 07 07 Perinatal asphyxia 
21 - D - - - - 40 20 03 Sudden apnea
22 T1 D D D - - 38-4 04 04 Perinatal asphyxia 
23 - - D - - - 40-4 05 05 Perinatal asphyxia 
24 T1 T1 - - T2 - 38-2 05 05 Perinatal asphyxia 
25 - T1 - - - - 40-1 09 09 Perinatal asphyxia 
26 - - D - - - 39-4 05 20 hours Neonatal seizure
27 T1 T1 D D - - 38-3 04 04 Perinatal asphyxia
28 - D - - - - 39-1 01 01 Perinatal asphyxia 
29 - - - - D - 40-4 01 01 Perinatal asphyxia 
30 - - D - D - 38-6 07 07 Perinatal asphyxia 

Note: PLIC = posterior limb of internal capsule; GA = gestational age; T1 = T1-weighted images; F = fluid-attenuated inversion recov-
ery images; T2 = T2-weighted images; D = diffusion-weighted images

Table 2. Distribution of the Most Conspicuous MR Sequences in
the Different Brain Structures in 30 Neonates with HIE

Brain structures T1 T2 FLAIR DWI

Deep gray matter 9 0 1 04
Cerebral cortex 5 0 2 06
Cerebral white matter 0 0 4 16
PLIC 0 1 0 11
Brain stem 0 0 0 12*
Cerebellum 0 0 0 01†

Note: T1 = T1-weighted images; T2 = T2-weighted images; DWI
= diffusion-weighted images.
* Eleven of the 12 patients had abnormal hyperintensity only in
the corticospinal tract of the brain stem.
† Only cerebellar white matter was involved



(Figs. 1, 2). In the superficial gray matter (i.e., the cere-
bral cortex), T1- and diffusion-weighted imaging were
similar for the number of the most conspicuous se-
quences (5/13 and 6/13, respectively) (Fig. 2).

In the white matter, the lesions were most conspicu-
ous on diffusion-weighted images: lesions were detected
in the cerebral white matter in 16/20 patients (80.0%),
lesions were detected in the posterior limb of internal
capsule in 11/12 patients (91.7%) and lesions were de-
tected in the cerebellar white matter in one patient
(100%) (Figs. 1, 3).

Twelve patients had an abnormally high signal in the
brain stem as seen on diffusion-weighted images. In 11
of these 12 patients, only the corticospinal tracts were
involved. These hyperintense lesions on diffusion-
weighted images appeared as dark areas on the ADC
maps.

On GRE images, which were obtained in eight pa-
tients, HIE lesions were less conspicuous than on any
other sequence. The GRE images did not show charac-
teristic dark signal foci, which suggested hemorrhage or
calcification (Fig. 1). Contrast-enhanced T1-weighted
images did not significantly improve the lesion con-
spicuity as compared with the pre-contrast T1-weighted
images.

Discussion

In the deep gray matter, the HIE lesions were fre-

quently depicted by T1-weighted images with greater
conspicuity than with diffusion-weighted images. In the
cerebral cortex, the usefulness of T1- and diffusion-
weighted imaging for HIE lesion detection appeared to
be comparable. The HIE lesions were revealed as hyper-
intense regions and were highlighted by the hy-
pointense normal brain on T1-weighted images. These
gray matter changes on T1-weighted images are consis-
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A B C
Fig. 1. Patient 17. A neonate of 38+1 week gestational age with perinatal asphyxia. Images at 6 hours of age.
A. An axial T1-weighted image (TR/TE = 418/12) shows abnormal hyperintensity in the posterior putamina and the lateral thalami.
B. An axial diffusion-weighted image at the same level as (A) shows hyperintensity in the posterior limbs of the bilateral internal
capsules.
C. An axial GRE image (TR/TE = 608/15; flip angle = 15 degrees) at the same level as (A) and (B), does not show the characteristic
dark signal which suggests hemorrhage or calcification in the hyperintense area on the T1-weighted image.

Fig. 2. Patient 27. A neonate of 38+3 week gestational age
with perinatal asphyxia. Images at 4 days of age.
An axial T1-weighted image (TR/TE = 418/12) shows diffuse
hyperintensity in the basal ganglia, lateral thalami, and cere-
bral cortex.



tent with the observations of previous reports (6, 14).
An interesting question is why the HIE lesions appear

hyperintense on T1-weighted images. A number of fac-
tors can cause T1 shortening, resulting in hyperintensity
on T1-weighted images. These factors include the fol-
lowing. (1) The interaction of water molecules with
large surrounding molecules, as in a concentrated solu-
tion of protein (15), thus causing slowing of the water
motion. (2) Lipids (16, 17). (3) Calcification (a surface re-
laxation mechanism) (18). (4) Paramagnetic compounds
characterized by having at least one unpaired orbital
electron (19) (a proton-electron spin-spin interaction), in-
cluding products of hemorrhage, trace metals (e.g. man-
ganese, copper, chromium, cobalt, and gadolinium) (20),
molecular oxygen (O2) (21), and free radicals (22). (5)
High cellularity, e.g. a hamartoma and cortical laminar
necrosis, for unknown reasons (23, 24). In the present
study, petechial hemorrhage or hemorrhagic infarction
seemed unlikely as a cause of the signal intensity of he-
morrhagic brain tissue changes according to the process
of hemoglobin degradation. GRE images obtained six
hours and on 1, 2, 4, 5, 7, 9 and 12 days after hypoxic-is-
chemic insult in eight patients, demonstrated no evi-
dence of hemorrhage. Moreover, in an autopsy study of
eight neonates who died as a result of HIE (25), brain he-
morrhage was not observed. The GRE images did not
reveal evidence of calcification or metallic deposits. The
ischemic lesions remained hyperintense on fat-sup-
pressed, T2-weighted images. In addition, in view of the
absence of the chemical shift artifact, the presence of a
lipid is an unlikely cause of the signal intensity abnor-
mality. Thus, hypercellularity and proton-electron inter-
actions are possible causes of the hyperintensity of the
HIE lesions on T1-weighted images.

Fujioka et al. reported similar MR imaging patterns in

adults and rats who had sustained brief ischemia (26,
27). In patients with transient hemispheric ischemia
caused by cardiogenic emboli, T1 hyperintensity in
basal ganglia and cerebral cortex appeared on days 7 to
10 but not on days 2 to 3, and thereafter gradually faded
away and disappeared. In addition, the affected struc-
tures atrophied over time during the period of the study.
This ischemic change could be reproduced experimen-
tally in rats after a 15-minute middle cerebral artery
(MCA) occlusion. Selective neuronal death and gliosis
were revealed in histological sections of the rat brain
from the regions showing T1 hyperintensity (27).
Although the histological examination revealed selective
neuronal death and gliosis in the basal ganglia on days 3
and 7 after a 15-minute MCA occlusion, T1 hyperinten-
sity did not appear on day 3. Therefore, Fujioka and col-
leagues speculated that the specific changes on T1-
weighted images seemed to represent some biochemical
changes that affect the magnetic field (27).

In a majority of our study patients, the white matter
lesions were most conspicuous on diffusion-weighted
images. These hyperintense lesions in the white matter
on diffusion-weighted images appeared as dark areas on
the ADC maps. However, diffusion-weighted imaging
underestimated or failed to detect HIE lesions in the
deep gray matter in many patients. With diffusion-
weighted imaging, underestimation of the extent of dis-
ease or false-negative results were reported in demon-
strating neonatal HIE lesions (7-11). Several explana-
tions have been proposed to account for these false-neg-
ative results. However, those explanations do not ap-
pear to explain clearly the difference in the white versus
the gray matter involvement as seen on diffusion-
weighted images that was observed in the present
study.
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A B

Fig. 3. Patient 30. A neonate of 38+6
week gestational age with perinatal as-
phyxia. Images at 7 days of age.
A. A diffusion-weighted image shows
abnormal hyperintensity in the frontal
white matter, peritrigonal white mat-
ter, internal capsules, and corpus cal-
losum
B. An ADC map at the same level as
(A) demonstrates a decreased ADC in
the corresponding brain regions.



One of the explanations is a biphasic pattern of diffu-
sion abnormalities which were observed previously in
neonatal animal studies (28, 29). In neonatal rats, an ini-
tial reduction in the ADCs occurred at the end of hypox-
ia-ischemia. Upon re-oxygenation, the ADC returned
transiently to normal, followed by a secondary decline 8
to 48 hours later. After this period, the ADC rose steadi-
ly. False-negative results and underestimation of diffu-
sion-weighted imaging might have been caused by the
transient recovery phase after the initial ADC decrease.
Another explanation is “selective vulnerability” (10, 11).
According to this premise, profound hypoxia-ischemia
commonly causes damage in areas of high metabolic de-
mand, such as the brain stem, the hippocampi, the basal
ganglia, the thalami and the perirolandic cortex (6, 30).
In contrast, less severe but more prolonged hypoxia-is-
chemic insults affect the cortical and subcortical water-
shed regions (6). Third, high water content in the neona-
tal brain (31) may also cause decreased sensitivity as
seen on diffusion-weighted images (11, 32). While is-
chemia resulting in an area of decreased water diffusion
is clearly seen in adults, the same decrease is relatively
less pronounced in neonates and may not be easily dis-
cernible (11). Finally, apoptosis that is not detected using
diffusion-weighted imaging may cause underestimation
of the extent of disease or false-negative results in
neonates with HIE (1, 33).

Our study results suggest that the pathophysiological
response of the neonatal gray and white matter to is-
chemia differs. Studies of diffusion-weighted imaging
and ADC changes in the neonatal white matter as com-
pared with the gray matter are limited, and only two re-
ports on ADC changes in the neonatal white matter after
HIE could be found in the clinical literature (34, 35).
Severely injured white matter demonstrated an ADC de-
crease, whereas in moderate lesions, the ADC was with-
in the normal range (35). Mild injury caused an ADC in-
crease in the white matter (34). These studies together
indicate that ADC changes in the white matter appear to
depend on the severity of HIE (34).

Overall, T2-weighted imaging was ranked lowest and
the least useful in the present study. In neonates, the
white matter is still in the process of myelination, and
detection of ischemic changes is much more difficult on
T2-weighted images (32). Moreover, it is known that
HIE lesions show variable T2 hyper- or hypointensity
(14). Therefore, estimating the extent of the injury
would be difficult, even for the trained eye (32).

GRE imaging was performed in eight patients, but the

GRE images did not show characteristic dark signal foci
suggesting hemorrhage or calcification in any of these
patients. Moreover, HIE lesions were less conspicuous
on GRE images than on any other sequence. In the pre-
sent study, conspicuity of the HIE lesions did not sub-
stantially increase following contrast administration. It
seems that contrast enhancement does not have a signif-
icant effect on lesion conspicuity. Therefore, routine
GRE imaging and contrast enhancement seem unneces-
sary in order to detect HIE lesions.

We did not perform quantitative analysis of the MR
images in the present study. We considered that visual
assessment was more useful in daily practice.
Furthermore, Coskun et al. (36) reported that qualitative
assessment is more predictive of the neuro-developmen-
tal outcome than quantitative analysis in neonates with
HIE. Recently, Liauw et al. (37) have attempted develop
a more objective method to identify HIE lesions on T1-
weighted images. By comparing the signal intensities of
different brain structures (the posterior limb of the inter-
nal capsule versus the posterolateral putamen and the
corona radiata versus the perirolandic cortex) on T1-
weighted images, only 65% (15/23) of infants with HIE
were correctly predicted to have HIE. Their method
does not seem to be satisfactory for detecting HIE le-
sions.

Conclusion

In summary, we compared the lesion conspicuity on
T1-weighted images, T2-weighted images, FLAIR im-
ages, and diffusion-weighted images in neonates with
HIE to determine which sequence demonstrated the
highest lesion conspicuity for lesion detection. White
matter lesions are the most conspicuous on diffusion-
weighted images, whereas gray matter lesions show a
tendency to have greater conspicuity on T1-weighted
images than on the other MR sequences. T2-weighted
imaging has a limited role in depicting HIE lesions. The
routine use of GRE imaging and contrast enhancement
seem unnecessary for the detection of neonatal HIE le-
sions.
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신생아 저산소성 허혈성 뇌병증의 병변 명확도: 자기공명영상 연쇄간 비교1

1부산대학교병원 영상의학과
2부산대학교병원 소아청소년과

예대욱·김학진·김태언·남상욱2·박수은2

목적: 저산소성 허혈성 뇌병증이 있는 신생아에서 병변의 명확도가 가장 높은 자기공명연쇄를 결정하고자 하였다.

대상과 방법: 저산소성 허혈성 뇌병증 신생아 30명에서 T1 강조, T2 강조, 액체감약반전회복, 확산강조 영상 간 병

변의 명확도를 후향적으로 비교하였다. 뇌 구조물은 다음과 같이 나누었다: 대뇌 회질, 대뇌 백질, 심부 회질, 내포

후각, 뇌간, 소뇌.

결과: 심부 회질에서는 9/14(64.3%)명의 환자에서 T1 강조 영상이, 4/14 (28.6%)명에서는 확산 강조 영상이 다

른 자기공명연쇄보다 병변을 명확하게 보여주었다. 대뇌 회질에서는 T1 및 확산강조영상의 명확도가 비슷했다 (각

각 5/13, 6/13). 대부분 환자에서 백질 병변은 확산강조영상에서 병변의 명확도가 가장 높았다: 대뇌 백질 16/20

(80.0%), 내포 후각 11/12 (91.7%), 뇌간의 피질척수로 11/11 (100%), 소뇌 백질 1/1 (100%).

결론: 저산소성 허혈성 뇌병증이 있는 신생아에서 백질 병변은 확산강조영상에서 가장 명확하다. 그러나 회질 병변

은 T1 강조영상에서 가장 명확하게 보이는 경우가 흔하다.


