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Introduction: Profound neonatal asphyxia is an important issue in the fields of neonatology and pediatrics.
Developmental progress and outcomes in term infants with profound asphyxia are presented. Materials and
Methods: Term neonates confirmed to have only radiologically defined perinatal profound asphyxia (RPA) were
studied. RPA was defined as findings of high T1 signal intensity of the basal ganglia on cranial magnetic reso-
nance imaging (MRI). All patients were observed for several months perinatally and thereafter. We investigated
the perinatal clinical data and development of patients diagnosed of RPA. Results: Nine patients presented with
RPA. All were born between gestational weeks 37 and 42, with birth weights over 2,500 g. Four of the nine pa-
tients were clinically diagnosed with severe birth asphyxia, two others with moderate birth asphyxia. The other
three patients were diagnosed with neonatal pneumothorax, hypoglycemia, and/or apnea. MRI showed high T1
signal intensity in the basal ganglia, and two patients also displayed low T2 signal intensity. One patient had mild
central hypotonia and motor developmental delays, whereas mental and motor development was normal in the
other patients. Conclusions: Developmental progress was followed in these patients after the perinatal period,

and the outcomes in term neonates with RPA were relatively positive.
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Introduction

Profound neonatal asphyxia is an important issue
in the fields of neonatology and pediatrics, as it is as-
sociated with neurological development, including
motor function. Profound asphyxia is characterized
by damage to the brainstem and/or the deep gray
matter caused by episodes of cardiac arrest or com-
plete asphyxia. It typically results in necrosis of the
basal ganglia. To evaluate the extent of damage due
to profound asphyxia in early neonatal periods, vari-
ous neuroradiological examinations are conducted,
including cranial ultrasonography, computed to-
mography (CT) and/or magnetic resonance imag-
ing (MRI), and/or also with neurophysiological de-
vices, such as multichannel electroencephalography
(EEG), amplitude integrated EEG, and somatosen-
sory evoked potentials. Assessing brain damage

with these examinations is important for treatment
management and, furthermore, for predicting out-
comes of neonates presenting with birth as-

Y2 To date, among these various neuroradi-

phyxia
ological or neurophysiological examinations, MRI
has been performed during adequate periods as is it
valuable for assessing brain injuries, including
hypoxic-ischemic encephalopathy with profound as-
phyxia, and for predicting outcomes®™®. Recently
we have on occasion obtained MRI findings indicat-
ing profound asphyxia which have raised concerns
about poor outcomes and some of those cases had
no signs of significant perinatal hypoxic events. So
we considered the necessity of the research about
the neurological outcomes in infants who had find-
ings of profound asphyxia detected by MRI includ-
ing cases with no signs of hypoxic events.
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Table Patient summary

Obser- Gestation- Birth Apgar  Umbili-

Pa- Gen- . al age . scores  cal cord . . . MRI Other MRI findings  Gross motor
tient der vagog (weeks W?Ig)ht (1/5 arterial Clinical diagnosis (day) besides BG T1W high development
penod and days) £ minutes) pH
1 B 10 m 381 3,087 2/7 7.338 Severe birth asphyxia, 8 BG T2W low, No delay
HIE, IDM subdural hemorrhage
2 B 10 m 374 3,294 9/10  No data Pneumothorax, 10 None No delay
retinal hemorrhage
3 G 10 m 394 2,812 8/8 743 Apnea, presumptive 15 None No delay
sepsis, hypoglycemia
4 G 11 m 412 2,990 4/7 7.01 Moderate birth asphyxia, 10 None No delay
MAS, pneumothorax,
apnea
5 B 12m 411 3,092 2/6 7.183 Severe birth asphyxia 12 None No delay
6 B 12m 39 3,650 8/9 724 Apnea, IDM 7 None No delay
7 G 15m 414 2,826 2/3 6.67 Severe birth asphyxia, 15 None Mild delay
MAS, PPHN, CLD with hypotonia
8 G 18 m 386 3,356 3/7 7.15 Severe birth asphyxia 6 BG T2W low, subten- No delay
torial hemorrhage
9 G 24m 403 3,356 4/9 7.32 No delay

Moderate birth asphyxia, 19 None
MAS

Note: B, boy; G, girl; HIE, hypoxic ischemic encephalopathy; IDM, infant of diabetic mother; MAS, meconium aspiration syndrome;
PPHN, persistent pulmonary hypertension of the newborn; CLD, chronic lung disease; BG, basal ganglia

In this study, we aimed to investigate the devel-
opmental progress and outcomes of term infants
with profound asphyxia diagnosed by cranial MRI
in a retrospective cohort study.

Materials and Methods

Patients in the present study were admitted to
the neonatal intensive care unit of Tokyo Women's
Medical University Hospital during the period be-
tween June 2008 and June 2011. Inclusion criteria
were D between 37 and 42 weeks gestational age
@ perinatal profound asphyxia confirmed only by
cranial MRI findings of high T1 signal intensity in
the basal ganglia 3 observation and assessment for
a minimum of 10 months. We excluded obvious
metabolic disorders, congenital malformations, and
congenital infections.

Neonates were weighed and given an Apgar
score at 1 minute and 5 minutes after birth. Umbili-
cal arterial cord pH was measured when possible.
Cranial MRI was performed with a 15-T unit.
These images included sagittal T1 and axial T1 and
T2 views. Cranial MRI results were reviewed and
evaluated by pediatric radiologists. The patients
were observed at regular intervals by pediatric
neurologists who specialized in neurological devel-
opment and infant outcomes.

Results

Nine patients met the inclusion criteria. The basic
information, perinatal data, MRI findings, and gross
motor development outcomes of these nine patients
are summarized in Table.

Clinical Data

All nine infants were born between gestational
weeks 37 and 42, with birth weights over 2,500 g
(2,812-3,650 g). Four of the nine were boys, and five
girls. Apgar scores ranged between 2 and 10 at 1
minute and between 2 and 10 at 5 minutes after
birth. For diagnosing neonatal asphyxia, we
adopted the ICD-10 criteria, namely those who had
Apgar scores of 0-3 and 4-7 at 1 min were diagnosed
as having of severe asphyxia and moderate as-
phyxia, respectively.

Thus, four of the infants (patients 1, 5, 7, and 8)
were diagnosed as having severe birth asphyxia.
The umbilical cord blood pH was low in patients 5,
7, and 8 with pH values of 7.183, 6.67, and 7.1, re-
spectively. Additionally, patient 7 presented with
persistent pulmonary hypertension of the newborn
(PPHN) and chronic lung disease (CLD) associated
with severe birth asphyxia and meconium aspira-
tion syndrome (MAS).

Two of the nine infants (patients 4 and 9) were di-
agnosed as having moderate asphyxia based on the
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Fig. 1 MR images of Patient 1
A. Tl-weighted spin echo (SE) [repetition time (TR) 525/echo time (TE) 17.0].

B. T2-weighted SE [TR 4,000/TE 95.0].

A and B are images obtained at 8 days of age. A shows high T1 signal intensity in the
basal ganglia (BG). B shows low T2 signal intensity in the BG.

Fig. 2 MR images of Patient 7
A. Tl-weighted SE [TR 525/TE 17.0].
B. Tl-weighted SE {TR 525/TE 17.0].
A is an image obtained at 15 days of age, and B at 36 days of age. A shows high T1 signal
intensity in the BG, while B shows improvement of this abnormal T1 signal intensity.

aforementioned criteria. Patients 4 and 9 also pre-
sented with MAS. The other three infants (patients
2, 3, and 6) were not diagnosed with birth asphyxia,
because they had high Apgar scores at 1 min. Pa-
tient 2 was diagnosed with neonatal pneumothorax
with retinal hemorrhage, patient 3 with neonatal
hypoglycemia and apnea, and patient 6 also had ap-
nea.

MRI

MRI was performed during the day between 6
and 19 days of age. Patients 1 and 8 displayed low T
2 signal intensity in the basal ganglia in addition to
high T1 signal intensity, one of the inclusion criteria
for this study (Fig. 1, 3). Additionally, patient 1 had
subdural hemorrhage on MRI, and patient 8 dis-
played subtentorial hemorrhage. Patient 7 under-
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Fig. 3 MR images of Patient 8
A. Tl-weighted SE [TR 420/TE 9.0].
B. T2-weighted SE [TR 3,200/ TE 115.5].
A and B are images obtained at 6 days of age. A shows high T1 signal intensity in the BG.
B shows low T2 signal intensity in the BG.

went MRI scans twice, and the second MRI showed
that the high T1 signal intensity had improved as
compared with the initial images (Fig. 2).

Follow-up

Four patients were observed for over 10 but less
than 12 months, while the other five patient’s obser-
vation periods exceeded 12 months, and the maxi-
mum was 24 months. Eight of the nine infants (all
but patient 7) showed normal gross motor develop-
ment. These patients included two infants with low
T2 signal intensity in the basal ganglia. The pa-
tients gained appropriate head control at 34
months of age, sat without support from 6-8 months
of age, and stood and walked by themselves from 9-
12 months of age. In regard to psychological devel-
opment, the patients developed eye contact, smil-
ing, and speech at age-appropriate times. Patient 7
displayed mild delays in gross motor developmental
during early infancy due to central hypotonia of the
trunk and mildly poor muscle consistency. She
could control her head at 7 months of age, sit with-
out support at 10 months of age, and walk while
holding onto a wall or a table at 15 months of age.

Discussion

In premature and term newborns, profound as-
phyxia is characterized by necrosis of the basal gan-
glia. Interestingly, however, damaged regions of the

brain may show plasticity during development.

Diagnostic imaging tools, including cranial ultra-
sonography, cranial CT, and cranial MRI, can be
used to diagnose and assess brain abnormalities.
During the acute phase of neonatal asphyxia, the
damaged deep gray matter appears as an area of
high echogenicity on cranial ultrasonography, a low-
density signal on CT, and a high T1 plus abnormal
T2 signals on MRI.

The early recognition of CT and MRI abnormali-
ties that involve the thalamus and basal ganglia (pu-
tamen) in term newborns is highly predictive of
long-term outcomes”. Cranial CT is an easier
method to use in newborns with birth asphyxia
than MRI. The difficulty with a CT diagnosis in this
population lies in scan-condition selection. For this
reason, MRI is better for evaluating the extent of
brain damage in infants with hypoxic-ischemic
brain injury during the perinatal period®. Further-
more, MRI findings are useful for predicting neuro-
logical outcomes in term newborns with asphyxia.
Specifically, high T2 and T1 signal intensities in the
deep gray matter of the cerebral hemispheres pre-
dict poor neurological outcomes with spastic quadri-
paresis and/or athetosis, epilepsy, and neurological
developmental problems”. Also, a previous study
demonstrated a high correlation between the sever-
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ity of basal ganglia and thalamic (BGT) injury and
the severity of motor impairment, and concluded
that early MRI was of significance for predicting
outcomes in term newborns with hypoxic-ischemic
encephalopathy and BGT injury®. Other studies
have also shown a correlation between the outcome
and the severity of profound asphyxia or hypoxic-
ischemic encephalopathy in premature and term in-
fants to be detectable by MRI™". Moreover,
diffusion-weighted MRI scans and MR spectroscopy
combined with routine MRI improves the precision
of diagnostic evaluation and better predicts out-
comes in infants with perinatal asphyxia'®*.

In the present study, developmental outcomes,
specifically gross motor and psychological develop-
ment, were evaluated during early childhood. We
determined that the outcomes in term neonates
with profound asphyxia were relatively positive.
However, we were unable to predict the relation-
ship between the extent of MRI-detected damage
and infant developmental outcomes. Future studies
should use diffusion-weighted MRI or MR spectros-
copy in combination with routine MRI

Previous studies have shown that perinatal as-
phyxia has a long-term influence on cognitive abil-
ity, behavioral consequences, academic functioning,
and neuropsychological skills or late onset involun-
tary movement in patients with mild basal ganglia
damage following perinatal asphyxia. Therefore, pa-
tients without delays in gross motor and psycho-
logical development may experience various prob-
lems in cognitive ability, behavioral consequences,
academic functioning, neuropsychological skills or
involuntary movement as they reach school
age™ ™,

In the present study, focusing on term newborns
with profound asphyxia diagnosed radiologically by
cranial MRI, patients with nonspecific neonatal
complications, such as apnea, pneumothorax, retinal
hemorrhage, and hypoglycemia, without remark-
able birth asphyxia clinically, were identified. Fur-
thermore, future studies should not only assess
gross motor functioning and psychological develop-
ment during early childhood but also investigate
long-term neurological outcomes, including minor
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neurological signs, cognitive ability, and behavioral
consequences in children through school-age and
adolescence.
Conclusion

We investigated the outcomes of infants diag-
nosed with profound asphyxia by cranial MRI. The
outcomes in infancy were relatively good, but it ap-
pears to be necessary to evaluate long term out-
comes, through school age and into the adolescent
period.

The authors have no conflicts of interest to declare.
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8828 MRI T profound asphyxia # 528 /- IE#AE R D-F 1%

R FEMRFEZN B
TRRAFEMARFRFREERE & —H4 R M

Trvy 7 % 3 e 747 *ava I TV 7 AY H# AA¥T < ¥ I

OB - CRE ORI IR Al B KEEARF

(#E) P4 BIC B 5 profound asphyxia i3 FHERZ, MEREFFICBVWTEELRA LT 5. SHIKkA T,
BE#K MRI |12 3B\ T profound asphyxia DT R 8o /2 FHE IR OBMEESRIE L FRICHET 2B 21T o /2.
R 3 X O33R HAT U 728850 MRI @ T1 SR ERICB ) 5 BEZERE 5T RIC & 5 T profound as-
phyxia & B SNIEFIEXRNHFEE L. ThODORT, Pl td¥» BOBERALBELL. ThoolR
BUIAREPOBKT— 7 L ROBEFRICOVTHREZ1T o 72, (BR) B MRI Tk L 72 profound as-
phyxia BT % #8%, FLIBEIORBBISIEEE o I RIZ ORI/ 5 72, EBID R 37~42 BORT, FEIR
2500 g BLETH D, 9ERD S H, EERIIC Apgar score 7> & BEIEH 4 RIKFE L HT S - B4 B, HEESR
A RARBEHI DS 2 U725 72, B 3FEPNIERIRIIIIAFE L BT & o /2ds, FhEh, FHAERBRLICEN,
R XAE 3 7203 P 2 A B L 72 - BEER MRI ASHEAT S Tz, BE#E MRI Pt i profound asphyxia & FI#F L
R TH A T MRAGOXEMOSESFH RIS, 268ICBVT T2 BHGTRESFZEL T, 3G,
NREI O KRR FE R, 1 BUIPRESHERIET 2o €, EEREOBREOBN L RO, Mo 8 FliX B
MUOFEER L. R Hr4 B BIZEEE MRI T profound asphyxia Bt B2 8 72 EHE IR OFETFHIT, B
RERIFICEET 5 2 LRI ST,
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