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infants in the TOBY randomised controlled trial 
(RCT).16 In the National Institute of Child Health 
and Human Development (NICHD) Neonatal 
Research Network (NRN) RCT of whole-body 
hypothermia for 72 h at 33.5°C,11 we assigned a 
score based on the pattern of brain injury on the 
neonatal MRI scans. Our objective was to evalu-
ate whether the score could serve as a marker of 
death or disability at 18 months of age.

METHODS
The RCT recruited 208 subjects between July 
2000 and May 2003 in the 15 participating 
NICHD NRN centres. The follow-up visits ended 
in December 2004. Term infants were eligible if 
they had severe acidosis or birth resuscitation 

ABSTRACT
Objective The objective of our study was to examine 

the relationship between brain injury and outcome 

following neonatal hypoxic–ischaemic encephalopathy 

treated with hypothermia.

Design and patients Neonatal MRI scans were 

evaluated in the National Institute of Child Health and 

Human Development (NICHD) randomised controlled 

trial of whole-body hypothermia and each infant was 

categorised based upon the pattern of brain injury on the 

MRI fi ndings. Brain injury patterns were assessed as a 

marker of death or disability at 18–22 months of age.

Results Scans were obtained on 136 of 208 trial 

participants (65%); 73 in the hypothermia and 63 in 

the control group. Normal scans were noted in 38 of 

73 infants (52%) in the hypothermia group and 22 

of 63 infants (35%) in the control group. Infants in 

the hypothermia group had fewer areas of infarction 

(12%) compared to infants in the control group (22%). 

Fifty-one of the 136 infants died or had moderate or 

severe disability at 18 months. The brain injury pattern 

correlated with outcome of death or disability and with 

disability among survivors. Each point increase in the 

severity of the pattern of brain injury was independently 

associated with a twofold increase in the odds of death 

or disability.

Conclusions Fewer areas of infarction and a trend 

towards more normal scans were noted in brain MRI 

following whole-body hypothermia. Presence of the 

NICHD pattern of brain injury is a marker of death or 

moderate or severe disability at 18–22 months following 

hypothermia for neonatal encephalopathy.

Brain injury in term infants with hypoxic–
ischaemic encephalopathy (HIE) is shown by con-
ventional MRI1–4 as either a watershed pattern 
involving the white matter (WM) and extending 
to the cortical grey matter, or as a basal nuclei 
pattern. Both motor and cognitive impairments 
are seen in childhood following acute perinatal 
events.5–9

Hypothermia initiated within 6 h of birth at 
33–34°C and continued for 72 h among term infants 
with HIE decreases death or disability among 
cooled infants or increases survival-free disability 
at 18 months of age.10–15 In 2010, Rutherford et al 
reported the results of brain imaging in a subset of 
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What is already known on this topic

▶  Perinatal hypoxic–ischaemic 
encephalopathy (HIE) is associated with 
childhood morbidity/mortality.

▶  Hypothermia is associated with a reduction 
in death and disability at 18–22 months 
following neonatal HIE.

▶  Brain injury can be reduced on MRI in 
neonatal encephalopathy treated with 
hypothermia.

What this study adds

▶  In a randomised controlled trial of hypo-
thermia therapy, 65% of infants had MRI 
scans.

▶  A categorisation capturing all areas of brain 
injury, including hemispheric devastation, is 
described.

▶  The National Institute of Child Health and 
Human Development Neonatal Research 
Network pattern of brain injury is strongly 
associated with death or disability at 18–22 
months.
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following an acute perinatal event and moderate or severe 
encephalopathy within 6 h of birth. After informed con-
sent was obtained from a parent, infants were randomly 
assigned by telephone by the data-coordinating centre (RTI 
International) to whole-body hypothermia at 33.5°C for 
72 h or usual intensive care. Assignments were stratifi ed by 

centre and generated by a random, permuted-block algorithm 
with block sizes of two or four. The primary outcome of the 
main RCT and this secondary study was death or disability 
at 18–22 months of age. All surviving infants were evaluated 
by certifi ed examiners who were trained to reliability to per-
form the neurodevelopmental assessments and were unaware 

Figure 1 (A) National Institute of Child Health and Human Development Neonatal Research Network score=0; (B) score 1A: lesions in frontal 
and parietal subcortical areas; (C) score 1B: more extensive cerebral lesions in frontal, parietal and occipital subcortical areas; (D) score 2A: 
lesions in the basal ganglia and thalamic area (BGT) and internal capsule (IC); (E) score 2B: lesions in the BGT, IC and cerebral areas; (F) score 3: 
cerebral hemispheric devastation.
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of study intervention status. Severe disability was defi ned as 
either: Bayley II Mental Developmental Index (MDI) less than 
70, a Gross Motor Function Classifi cation System (GMFCS) 
grade level 3 to 5, hearing impairment requiring hearing aids, 
or blindness. Moderate disability was defi ned as an MDI of 
70–84 in addition to a GMFCS grade of level 2, hearing impair-
ment with no amplifi cation, or a persistent seizure disorder.

The cranial imaging protocol required an MRI to be per-
formed by 44 weeks postmenstrual age or when clinically 
feasible. T1 and T2 weighted sequences with 1.5 or 3 T con-
ventional images were obtained. MRI evaluations were stored 
on computer discs at the NRN sites for later evaluation. In 
2006, an MRI form was developed to capture areas of brain 
injury described previously1 2 and to gather additional detailed 
information on the location and size of signal abnormalities in 
the following regions: cerebral hemispheres, intraventricular 
areas, cerebellum, basal ganglia (BG), thalamus, internal cap-
sule, corona radiata, hippocampus, brain stem, corpus callo-
sum, pituitary, hypothalamus, optic chiasma and extra-axial 
area. Lesions were coded as cystic, non-cystic, haemorrhagic, 
mineralisation or gliosis and whether they were minimal or 
more extensive. Areas of watershed infarction, cerebral atro-
phy and ventricular enlargement were also documented. All 
MRI examinations were sent to the data centre.

In 2007–2008, all MRI readings were evaluated for qual-
ity and read by a central reader (PDB). The readings were 
then reviewed by the central reader and the NICHD MRI 
NRN study subcommittee in 2009. Since multiple areas of 
injury were noted by the central reader that did not fall into 
existing assessment systems,1 2 an additional NICHD brain 
injury pattern was created (fi gure 1). Each level refl ected a 
greater involvement of brain injury: 0, normal; 1A, minimal 
cerebral lesions only with no involvement of BG or thalamus 
(T) or anterior limb of the internal capsule (ALIC) or poste-
rior limb of the internal capsule (PLIC) and no area of water-
shed infarction; 1B, more extensive cerebral lesions without 
basal ganglia and thalamic (BGT), PLIC or ALIC involve-
ment or infarction; 2A, any BGT, ALIC or PLIC involvement 
or watershed infarction noted without any other cerebral 
lesions; 2B, involvement of either BGT, ALIC or PLIC or area 
of infarction and additional cerebral lesions; and 3, cerebral 
hemispheric devastation. All infants were coded based on 
the pattern of injury without knowledge of treatment inter-
vention status.

The RCT protocol was approved by the institutional review 
board of the NRN centres.

Statistical analysis
Data were analysed at the data centre with SAS V.9.2. The mater-
nal and neonatal characteristics were compared between treat-
ment groups by Fisher’s exact test for categorical variables and 
t tests for continuous data. MRI fi ndings by region were com-
pared between treatment groups with Fisher’s exact test. The 
frequency of infants with a normal MRI was compared to other 
levels of injury using previously described patterns and NICHD 
score using Fisher’s exact test. The relationship between the 
MRI patterns of injury and the primary outcome was assessed 
by Cochran-Armitage trend tests, with the NICHD NRN pat-
tern of injury used as a six-level variable (0, 1A, 1B, 2A, 2B, 3). 
Lastly, the relationship between the NICHD NRN pattern of 
injury and death or disability was assessed using a multivariate 
logistic regression model controlling for severity of encephal-
opathy, hypothermia therapy and age at MRI scan.

RESULTS
MRI studies were obtained for 151 of the 208 RCT partici-
pants. Of these, 143 were of adequate quality and 136 (90%) 
were obtained by 44 weeks postmenstrual age and comprised 
the cohort analysed. There were 73 infants in the hypo-
thermia group and 63 infants in the control group. The aver-
age age (mean±SD) at which scans were obtained was 15±12 
days. There were 39 infants with MRI scans obtained before 
7 days of age.

The maternal and neonatal characteristics were similar in 
the hypothermia and control groups except that antepartum 

Table 1 Characteristics of study subjects

 
Hypothermia 
group, n=73

Control 
group, 
n=63 p Value

Maternal characteristics
 Maternal age, mean±SD (years)   26.5±5.2   26.9±6.3 0.67
 Race, n (%) 0.30
  Black   22 (30%)   20 (32%)
  White   31 (42%)   19 (30%)
  Other   20 (27%)   24 (38%)
 Complications of pregnancy, n (%)
  Chronic hypertension    8 (11%)   10 (16%) 0.45
  Antepartum haemorrhage    6 (8%)   13 (21%) 0.05
 Intrapartum complications, n (%)
  FHR decelerations   54 (74%)   51 (82%) 0.30
  Cord prolapse   20 (27%)   11 (17%) 0.22
  Uterine rupture   11 (15%)    8 (13%) 0.81
  Maternal fever   12 (16%)    4 (6%) 0.11
  Shoulder dystocia    8 (11%)    6 (10%) 0.79
  Maternal haemorrhage    4 (5%)    5 (8%) 0.73
   Emergency caesarean delivery, 

n (%)
  48 (66%)   50 (79%) 0.09

Neonatal characteristics
 Gestational age, mean±SD (weeks)   39.1±1.5   38.6±1.6 0.08
 Age at randomisation, mean±SD (h)    4.3±1.3   4.4±1.3 0.58
 Outborn status, n (%)   33 (45%)    30 (48%) 0.86
 Apgar score <5, n (%)
  At 5 min   64 (89%)   57 (90%) 0.79
  At 10 min   56 (81%)   43 (75%) 0.51
 Birth weight, mean±SD (g) 3328±557 3376±677 0.65
 Head circumference, mean±SD (cm)   34.3±1.5   34.1±1.7 0.62
 Male sex, n (%)   36 (49%)   36 (57%) 0.39
 Intubation in delivery room, n (%)   70 (96%)   59 (94%) 0.70
 Cord pH, mean±SD    6.9±0.2    6.9±0.2 0.41
 Base defi cit, mean±SD (mmol/l)   17.8±5.9   18.8±8.9 0.58
 Moderate encephalopathy, n (%)   54 (75%)   40 (63%) 0.19
 Severe encephalopathy, n (%)   18 (25%)   23 (37%)
 Seizures
  At randomisation, n (%)   31 (42%)   32 (51%) 0.39
  At any time, n (%)   40 (55%)   43 (68%) 0.12
 Anticonvulsants, n (%)
  At randomisation, n (%)   31 (44%)   28 (47%) 0.73
  At any time, n (%)   48 (68%)   49 (79%) 0.17
 Inotropic support
  At randomisation, n (%)   24 (33%)   19 (30%) 0.85
  At any time, n (%)   40 (55%)   35 (56%) 1.00
 Deaths, n (%)    7 (10%)    8 (13%) 0.59
  Age of death, days (mean±SD)   62.8±80.0  140.9±151.0 0.28
 Age at MRI, days (mean±SD)   14.7±10.6   16.0±14.0 0.54

FHR, fetal heart rate.
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haemorrhage occurred in fewer mothers in the hypothermia 
group compared to the control group (table 1). The most fre-
quent MRI lesions among the total cohort (65 of 136 infants, 
48%) were noted in the cerebral hemispheres other than the 
BGT and watershed area. The perisylvian region was involved 
in 32%, perirolandic in 29% and parasagittal area in 8% of 
infants. Fifty-four (40%) infants had BG injury, 37 of whom had 
multiple lesions. Isolated BG lesions were noted in 17 infants; 
16 in the putamen and one in the globus pallidus. Thalamic 
lesions were noted in 50 of 136 infants (37%); of these, the 
majority (98%) of lesions were bilateral. Haemorrhagic lesions 
were noted in 10 of 132 (8%) infants. None of the infants had a 
specifi c MRI diagnosis of venous sinus thrombosis. WM scar-
ring/gliosis was noted in 36 infants, whose age at MRI was 
16.4±13.0 days. Cerebral atrophy was noted in 10 infants, 
all of whom had the scans obtained beyond 3 weeks of age. 
Moderate/marked enlargement of the subarachnoid space 
was noted on the left in six infants and on the right in seven 
infants. Moderate to marked thinning of the corpus callo-
sum was noted in eight infants. Moderate/marked ventricular 
dilatation was seen on the right in eight infants and on the 
left in nine infants. Cerebellar lesions were infrequent; fi ve 
infants had signal abnormalities in the cerebellum including 
one haemorrhagic lesion. Abnormalities in the corona radiata 
were noted in 11 infants (all of which were bilateral). Only fi ve 
infants had involvement of the hippocampus and six infants 
had involvement of the brain stem. None of the infants had a 
shift in the midline structures noted.

The MRI fi ndings among the hypothermia and control group 
infants were categorised by site (table 2). Cerebral lesions were 
similar in frequency in the two groups except that the perisyl-
vian location was abnormal in fi ve of 30 infants (17%) in the 
hypothermia group and 16 of 35 infants (46%) in the control 
group (p=0.02). There was a trend for more normal MRI studies 
and normal appearance of the PLIC and ALIC among infants 
in the hypothermia group as compared to infants in the con-
trol group. There were signifi cantly fewer areas of watershed 
infarction noted in the hypothermia group compared to the 
control group. MRI studies of all infants were categorised by the 
NICHD NRN pattern of injury; three infants could not be clas-
sifi ed by the Barkovich pattern and nine could not be classifi ed 

Table 2 MRI fi ndings among study subjects by region and pattern of 
injury

MRI results

Hypothermia 
group, 
n=73 (%)

Control 
group, 
n=63 (%) p Value

Normal 38 (52) 22 (35) 0.06

Abnormal 35 (48) 41 (65)
Total hemispheric devastation
 Any 2 (3) 6 (10) 0.14
  L=R (5) 2 5
  L>R (4) 0 1
Cerebral lesions, n (%) 30 (41) 35 (56) 0.12

 Any frontal 25 (83) 25 (71)

 Any temporal 21 (70) 25 (71)
 Any parietal 23 (77) 26 (74)

 Any occipital 19 (63) 24 (69)
BGT classifi cation, n (%)* 0.21
 Normal 48 (69) 30 (51)
 Minimal 5 (7) 5 (8)
 Moderate 8 (11) 11 (19)
 Severe 9 (13) 13 (22)
PLIC classifi cation, n (%)* 0.06
 Normal 46 (64) 28 (45)

 Equivocal 13 (18) 13 (21)

 Abnormal 13 (18) 21 (34)
ALIC classifi cation, n (%)* 0.05
 Normal 46 (63.9) 28 (45.2)
 Equivocal 14 (19.4) 13 (21.0)
 Abnormal 12 (16.7) 21 (33.9)
Watershed area 0.02
 0=no infarction 64 (88) 48 (77)
 1=single focal infarction 0 (0) 0 (0)
 2=anterior or posterior WM 2 (3) 0 (0)
 3= anterior, posterior watershed cor-

tex and WM
1 (1) 2 (3)

 4= anterior and posterior watershed 2 (3) 0 (0)
 5= more extensive cortical involvement 

beyond watershed zones
4 (5) 12 (19)

Pattern of injury
 Barkovich 0.053

  0 46 (64.8) 27 (43.6)

  1 14 (19.7) 12 (19.4)

  2 2 (2.8) 4 (6.5)

  3 7 (9.9) 12 (19.4)

  4 2 (2.8) 7 (11.3)
 Rutherford 0.10
  a 39 (58.2) 23 (38.3)
  b 5 (7.5) 2 (3.3)
  c 4 (6.0) 3 (5.0)
  d 5 (7.5) 7 (11.7)
  e 3 (4.5) 6 (10.0)
  f 1 (1.5) 5 (8.3)
  g 7 (10.5) 13 (21.7)
  h 3 (4.5) 1 (1.7)

 NICHD NRN 0.15
  0 38 (52.1) 22 (34.9)
  1A 4 (5.5) 2 (3.2)
  1B 1 (1.4) 3 (4.8)
  2A 5 (6.9) 3 (4.8)

(Continued)

Table 2 (Continued)

MRI results

Hypothermia 
group, 
n=73 (%)

Control 
group, 
n=63 (%) p Value

  2B 23 (31.5) 27 (42.9)
  3 2 (2.7) 6 (9.5)  

*BGT, seven infants could not be classifi ed; PLIC, two infants could not be classi-
fi ed; ALIC, two infants could not be classifi ed; areas of infarction, one infant could 
not be classifi ed.
Barkovich: 0=normal, 1=abnormal BGT, 2=abnormal signal in cortex, 
3=abnormal cortex and BGT, 4=abnormal entire cortex and BGT. Three infants 
could not be classifi ed using this pattern.
Rutherford: a=normal; b=minimal BGT with or without cortical involvement; 
c=moderate WM with or without cortical involvement; d=moderate BGT, with or 
without cortical involvement and PLIC equivocal or abnormal; e=moderate WM 
and BGT; f=multifocal WM, with or without cortical involvement, with normal 
BGT and PLIC; g=severe BGT with focal WM and cortex, and abnormal PLIC; and 
h=severe BGT, abnormal PLIC, abnormal WM and cortex. Nine infants could not 
be classifi ed using this pattern.
ALIC, anterior limb of the internal capsule; BGT, basal ganglia and thalamic area; 
NICHD NRN, National Institute of Child Health and Human Development Neonatal 
Research Network; PLIC, posterior limb of the internal capsule; WM, white matter.
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by the Rutherford pattern. The most frequent pattern of injury 
with the NICHD score was 2B: BGT, PLIC or ALIC involve-
ment, or areas of infarction with additional cerebral lesions.

The relationships between the pattern of injury (among 
infants who could be categorised) and the primary outcome 
of death or moderate/severe disability at 18–22 months of age 
are noted in table 3. Occurrence of any of the three patterns 
was associated with death or disability. Based on the NICHD 
NRN pattern of injury, among the 52 infants with the primary 
outcome of death and disability, 47 had abnormal patterns of 
injury; of the 82 infants without the primary outcome, 53 had 
normal MRI studies (sensitivity 0.90, specifi city 0.65, posi-
tive predictive value 0.62 and negative predictive value 0.91). 
Within the hypothermia and control groups there were consis-
tent relationships between the NICHD pattern of injury and 
outcome of death or disability and disability among survivors 
(table 4); there was no relationship with death alone, probably 
due to the small number of infants who died for whom MRI 
was available. The relationship between the NICHD pattern 
of injury and outcome was further examined by regression 
analysis while controlling for treatment group, level of HIE 
and age at MRI. The interaction between age at MRI and the 
NICHD pattern of injury was p=0.11 with age as a continuous 
variable and p=0.20 with age dichotomised as birth to 7 ver-
sus ≥8 days. Each point increase in the severity of the NICHD 
NRN pattern of injury was independently associated with a 
more than a twofold increase in the odds of death or disability 
at 18–22 months of age: OR 2.3 (95% CI 1.7 to 3.1) with age at 
MRI as a dichotomous variable and OR 2.4 (1.8 to 3.3) with age 
at MRI as a continuous variable.

DISCUSSION
Recent reports16–20 describing MRI studies in infants with 
asphyxia treated with hypothermia have shown protection of 

grey matter in a study of 26 infants randomly assigned to nor-
mothermia or whole-body hypothermia.17 A decrease in BGT 
lesions was noted when 14 infants with head cooling were 
compared to 20 infants with whole-body hypothermia and 52 
non-cooled infants with HIE of similar severity.18 In the TOBY 

Table 3 Relationship between MRI pattern of injury and outcome

Pattern of injury

Death or disability Death Disability (survivors)

n (%) p Value n (%) p Value
Mod-severe, 
n (%)

None-
mild, n 
(%) p Value*

NICHD NRN <0.0001 0.002 <0.0001

 0 5 (9) 2 (3) 3 (5) 53 (95)
 1A 0 (0) 0 (0) 0 (0) 6 (100)
 1B 1 (25) 0 (0) 1 (25) 3 (75)
 2A 3 (38) 1 (13) 2 (29) 5 (71)
 2B 35 (70) 10 (20) 25 (63) 15 (38)
 3 8 (100) 2 (25) 6 (100) 0 (0)
Barkovich <0.0001 0.0005 <0.0001
 0 6(8) 2 (3) 4 (6) 65 (94)
 1 17(65) 4 (15) 13 (59) 9 (41)
 2 4 (67) 1 (17) 3 (60) 2 (40)
 3 15(79) 6 (32) 9 (69) 4 (31)
 4 8 (89) 2 (22) 6 (86) 1 (14)
Rutherford <0.0001 0.003 <0.0001
 a 5 (8) 2 (3) 3 (5) 55 (95)
 b–d 11 (42) 3 (12) 8 (35) 15 (65)
 e–f 11 (73) 2 (13) 9 (69) 4 (31)
 g–h 22 (92)  6 (25)  16 (89) 2 (11)  

*Cochran-Armitage trend test.
NICHD NRN, National Institute of Child Health and Human Development Neonatal Research Network.

Table 4 Relationship between the NICHD MRI pattern of injury and 
primary outcome within the two groups

NICHD pattern of injury
Hypothermia 
group, n=73

Control group, 
n=63

Death or disability p<0.0001 p<0.0001
 0 3 (7.9) 2 (10.0)
 1A 0 (0.0) 0 (0.0)
 1B 0 (0.0) 1 (33.3)
 2A 1 (20.0) 2 (66.7)
 2B 16 (69.6) 19 (70.4)
 3 2 (100.0) 6 (100.0)
Death p=0.37 p=0.10
 0 2 (5.3) 0 (0.0)
 1 0 (0.0) 0 (0.0)
 1B 0 (0.0) 0 (0.0)
 2A 0 (0.0) 1 (33.3)
 2B 5 (21.7) 5 (18.5)
 3 0 (0.0) 2 (33.3)
Rate of disability p<0.0001 p<0.0001
 0 1 (2.8) 2 (10.0)
 1A 0 (0.0) 0 (0.0)
 1B 0 (0.0) 1 (33.3)
 2A 1 (20.0) 1 (50.0)
 2B 11 (61.1) 14 (63.6)
 3 2 (100.0) 4 (100.0)

The two infants with normal MRI examination died after neonatal intensive care 
unit discharge: one infant died with viral pneumonia and the cause of death is 
missing for the other infant.
NICHD, National Institute of Child Health and Human Development.
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trial, with 40% of trial participants, a reduction in BGT, WM 
and PLIC lesions was noted in infants in the whole-body hypo-
thermia group compared to infants in the control group.16 In 
our study of 65% of trial participants, we found fewer areas of 
watershed infarction along with a trend for more normal stud-
ies and normal ALIC and PLIC among infants who received 
hypothermia.

The TOBY trial noted that scans performed within the fi rst 
week of age were more likely to show abnormalities compared 
to those performed after 8 days.16 In our study, scans were per-
formed at the discretion of the treating neonatologist and the 
average age of obtaining the scans was later than in the TOBY 
study. We did not fi nd any statistical interaction between the 
NICHD NRN pattern of brain injury and outcome based on age 
at scanning. A recent review has suggested that the discrimi-
natory power of later MRI scanning (8–30 days) is better than 
that of early MRI (1–7 days).21 Compared to the TOBY study, 
infants in our study had fewer areas of BGT injury (31% vs 
59% of hypothermia group and 49% vs 79% of control group 
infants) and fewer equivocal/abnormal PLIC (36% vs 47% of 
hypothermia group and 55% vs 66% of control group infants). 
We identifi ed fewer areas of haemorrhage: 7% versus 39% 
of hypothermia group and 8% versus 33% of control group 
infants, respectively. The differences in brain injury patterns 
between the two studies may be due to the greater number of 
infants with moderate encephalopathy in our study.

The predictive value of the NRN pattern of injury and out-
come at 18–22 months was consistent in both the hypothermia 
and control groups in our study. The TOBY study also noted 
that patterns of brain injury correlate with outcome whether 
the infant is cooled or not.16 We do not know how cooling to 
33–34°C for 72 h impacts on the evolution of images, but hypo-
thermia does not appear to delay the appearance of abnormali-
ties.22 The reduction in areas of brain injury in the hypothermia 
group compared to the control group in both the NICHD NRN 
and the TOBY study, despite a difference in the age at acquisi-
tion of MRI scans, strengthens the evidence that whole-body 
hypothermia is neuroprotective for term infants with HIE.

The strength of our study is that we have examined brain 
injury within an RCT of hypothermia compared to intensive 
care alone in the largest reported proportion of trial partici-
pants (136 of 208 or 65%). All readings were performed by 
a central reader unaware of the clinical course or treatment, 
with adjudication by the study subcommittee. The NICHD 
pattern of injury was developed to capture all areas of brain 
injury in a well defi ned cohort of infants with moderate or 
severe HIE assigned to hypothermia or intensive care alone 
and followed to 18–22 months of age. Previous summary 
scores1 2 have correlated areas of brain injury to outcome, 
however infants in these studies did not have comprehensive 
follow-up and the cohorts were not limited to infants with 
severe acidosis/birth resuscitation and physiological and 
clinical evidence of moderate/severe HIE. Categorisation of 
the majority of our study infants based on patterns of injury 
described previously1 2 was correlated with outcome, empha-
sising the predictive value of existing MRI scoring systems. 
We have described hemispheric devastation, a fi nding not 
reported by other investigators; all infants with this level of 
brain injury have an adverse outcome of death or survival 
with disability. The limitations of our study include inade-
quate or unavailable MRI data on 72 infants, 47 of whom died. 
Magnetic resoance spectroscopy, diffusion weighted imaging 
or diffusion tensor imaging studies were not obtained on our 
trial participants.21 23

Our study demonstrating an excellent correlation between 
the NICHD NRN MRI evidence of neonatal brain injury and 
outcome of death or disability at 18–22 months of age may be 
useful when counselling parents of infants with HIE.24 A nor-
mal MRI is associated with a normal outcome, while each point 
increase in the abnormal pattern of brain injury has a twofold 
increase in the odds of death or disability. Conventional MRI 
is currently available in the majority of neonatal centres. With 
further study and validation, the NICHD pattern of injury fol-
lowing hypoxia–ischaemia may serve as a biomarker of brain 
injury as well as a response to neuroprotective strategies.
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