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Magnetic resonance imaging (MRI) of the brain in preterm infants at
term–equivalent age demonstrated that apart from cystic periventricular
leukomalacia (PVL), noncystic white matter injury may take place, detected
as diffuse excessive high signal intensity (DEHSI) in the white matter on
T2-weighted imaging.
Magnetic resonance imaging of the brain is conducted in few neonatal intensive
care units. Consequently, the literature on the subject lacks descriptions of
sequelae of noncystic white matter injury in premature newborns with very
low birth weight (VLBW).
We present the results of a three-year long observation of a child born at the
27th week of pregnancy diagnosed with DEHSI. The boy exhibited cerebral
palsy, hyperexcitability and hypoacusis.
In the authors’ opinion, noncystic white matter injury may not just be one
of the reasons for cognitive/behavioral deficits - it may also be responsible
for some cases of cerebral palsy in premature infants.
Key words: magnetic resonance imaging, diffuse excessive high signal intensity (DEHSI),
brain, preterm, very low birth weight, developmental disabilities (disturbances).

Premature newborns with very low birth
weight (VLBW) constitute a group of children
especially susceptible to developmental defects1.
Improvement in perinatal care has resulted in
a drop in incidence of cerebral palsy in VLBW
infants (from 19% in the 1990s to approximately
10-11% nowadays)2-6. It is related to decreased
frequencies of periventricular leukomalacia (PVL),
germinal matrix-intraventricular hemorrhage,
and posthemorrhagic hydrocephalus, which lead
to cerebral palsy in premature newborns.
However, currently conducted research indicates
that about 50% of children with extremely low
birth weight (ELBW) who exhibit symptoms of
neither cerebral palsy nor mental retardation
have mild neurological changes at pre-school
and school age2,7-10. These include perceptual
organization disorder, neurosensory impairment,
poor attention, irritability, visuospatial and
visual-motor disabilities, motor coordination

disorder, and psychomotor and adaptation
difficulties, which lead to school difficulties
even in children with a normal intelligence
quotient (IQ)8,11-18.
Magnetic resonance imaging (MRI) of the brain
in preterm infants, performed at the termequivalent age, showed diffuse excessive high
signal intensity (DEHSI) in the white matter in
T2-weighted scans, which did not correspond
to white matter echogenicity on transfontanel
ultrasound examination19-22. These abnormalities
are found in as many as approximately 70% of
examined ELBW newborns23. MR diffusionweighted images provided evidence that DEHSI
is not linked to central nervous system (CNS)
immaturity, but that it is a form of noncystic
white matter injury23,24.
Pathological examinations confirm the fact that
the process corresponds to leukoencephalopathy
and that pre-oligodendrocytes are the key
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cellular target in this pathology25-29. According
to Volpe2, the diffuse white matter injury may
correlate with the cognitive/behavioral deficits
in VLBW newborns.
Case Report
The authors present an offspring of middleage parents: 36-year-old mother, 35-year-old
father, with no history of chronic disease in
either. The mother’s obstetric history was
complicated with one stillborn intrauterine
pregnancy and one ectopic pregnancy. There
were two older offspring developing properly.
The boy was born vaginally at the 27th week
of pregnancy, with birth weight of 1200 g. The
pregnancy was complicated with an infection
of the mother’s urinary system, intrauterine
infection and placental abruption. The Apgar
score was 4, 4, 5. The maturity of the baby
according to Ballard’s scale was equivalent
to 27th week of pregnancy. Because of severe
respiratory distress syndrome observed from
the first day of life, he received surfactant and
assisted ventilation was applied. Symptoms
of generalized infection, progressing with
meningitis, thrombocytopenia, significant
leukocytosis, and cholestasis (the culture of
the blood, cerebrospinal fluid and discharge
taken from endotracheal tube was positive for
Staphyllococcus epidermidis) were also recognized.
Additionally, the newborn was diagnosed
with a congenital heart defect (ventricular
septal defect, VSD), necrotizing enterocolitis,
retinopathy of prematurity and subclinical
hypothyroidism. Ultrasound of the brain
performed in the first week of life detected
grade 2 intraventricular hemmorhage, which
was not present in follow-up examinations in
the first month of life.
A complex assessment of his neurological
condition was carried out at approximately
the 40th week of the baby’s conceptual age,
including the assessment of the baby’s position,
his spontaneous movement, muscle tonus, and
primary reflexes, revealing that his neurological
condition was equivalent to corrected age.
Despite normal ultrasound of the brain, MRI
demonstrated DEHSI on T2-weighted images
corresponding to noncystic white matter injury
(Fig. 1). Additionally, the baby was diagnosed
with severe hearing loss (right ear-100 dB,
left ear-80 dB), for which he was treated with
hearing aids.

Fig. 1. MRI of the head of the premature newborn at
term. Axial T2-weighted image demonstrates diffuse
excessive high signal intensity of white matter.

Within the first six months of the baby’s life
some neurological disturbances occurred. It
was observed that the symmetrical tonic neck
response and placing reflex continued longer
than the physiological norm. These disturbances
preceded the symptoms of increased tone in
lower limbs and in one upper limb, which
were detected after the sixth month of life.
The cranial ultrasound carried out before each
neurological examination showed mild lateral
ventricular enlargement, increasing after the
six month of life.
The boy was rehabilitated according to NDTBobath’s method since the first months of life
and has attended therapeutic sessions with a
logopaedics specialist and a psychologist. His
hearing loss was treated.
At the end of his 1st corrected year, the boy
was diagnosed with cerebral palsy in the form
of mild-degree spastic diplegia. After having
finished his second year, the boy regained his
independent motion. He articulated separate,
consciously pronounced words. At the same
time, some psycho-motor hyperexcitability
was observed.
Another complex assessment of the boy’s
neurological condition (including neurological,
psychological, auditory brainstem response
[ABR] examinations and MRI) was carried out
at the end of his third year. The neurological
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examinations demonstrated hearing impairment,
a slight weakening of the muscle strength in
his right upper limb, excessive patellar reflex
as well as positive Babinski’s sign in both
lower limbs. The gait was independent, but
ungraceful. The psychological examination after
the third year revealed speech impairment,
perceptual organization disorder, neurosensory
impairment and irritability and hyperactivity.
Small hypersensitive areas were demonstrated in
the white matter of both parietal lobes in MRI
on T2-weighted images, which could have been
equivalent to earlier anoxic changes (Fig. 2).
Additionally, in close proximity to the lateral
wall of the lateral right cerebral ventricule, a
thin–walled fluid lesion 1.3 cm x 1.5 cm in
size was detected. The lesion could be related
to the ventricular loculation (Fig. 3).

Fig. 3. MRI of the head of the three-year-old boy
with diffuse excessive high signal intensity diagnosed
at term. Axial T2-weighted images demonstrate a
thin-walled fluid lesion in close proximity of the right
lateral ventricle which can be related
to the ventricular loculation.

Other disorders which may contribute to the
development of cerebral palsy include PVL,
periventricular hemorrhagic infarction, and
major intraventricular hemorrhage. These
abnormalities are well demonstrated in head
ultrasound examinations 21,30-31 . However,
cerebral palsy is also diagnosed in premature
newborns without the sonographic findings
described above.

Fig. 2. MRI of the head of the three-year-old boy
with diffuse excessive high signal intensity diagnosed
at term. Axial T2-weighted images demonstrate high
signal intensities only in the parietal white matter
(small arrows) corresponding to noncystic white matter
injury. Additionaly, a fluid lesion can be noted in close
proximity of the right lateral ventricle (see also Fig. 3).

The boy remains under the care of many
specialists. He also needs observation related
to possible future school difficulties.
Discussion
Premature newborns are a special group
of newborns particularly susceptible to
developing spastic diplegia later in life 1,2.

In presented case, ultrasound examination
of the boy in question showed only a
mild hemorrhage of second degree, which
resolved later. No feature related to increased
periventricular echogenicity or cystic form of
PVL was found. On the other hand, MRI of
the brain confirmed noncystic white matter
injury. A serial ultrasound examination carried
out several months later showed mild widening
of the frontal horns of the lateral ventricles,
which was a symptom of cerebral atrophy
related to the white matter injury.
The ineffectiveness of transfontanel ultrasound
examination in the diagnosis of noncystic
white matter injury was demonstrated by other
authors21,23. According to Volpe2, diagnosis of
DEHSI can be responsible for developmental
disturbances in VLBW newborns. Apart from
developmental disturbances, our subject was
diagnosed with a mild form of cerebral palsy. In
spite of his very complex history (prematurity,
general infection with meningitis, intrauterine
hypoxia, postnatal hypoxia), the authors
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conclude that the noncystic white matter
injury demonstrated in brain MRI is a sequela
of his past history and is responsible not only
for the boy’s developmental disturbances, but
also for a mild form of cerebral palsy.
To the best of our knowledge, no report on
clinical sequelae of noncystic white matter injury
has been available until now. Domizio et al.32
were the first who reported results of the twoyear follow-up in 16 term children diagnosed
with DEHSI: half of them had severe and mild
mental impairment, and 10 children had severe
and mild motor deficits; one child presented
with seizures. Their results suggested that
DEHSI in preterm newborns is not related to
white matter immaturity, but can be considered
as a form of the white matter injury.
Taking into consideration the frequency of
mild developmental disturbances and DEHSI in
VLBW newborns, it is possible that noncystic
white matter injury may be responsible for
developmental disturbances in this group of
children2. Our subject with DEHSI presented
developmental disorders and cerebral palsy in his
further development. The above presented case
also points to a fact that DEHSI diagnosed with
MRI may explain the presence of cerebral palsy
in newborns in whom cranial ultrasound failed
to detect cystic forms of PVL, periventricular
hemorrhagic infarction, major intraventricular
hemorrhage or hydrocephalus.
We believe that more reports describing the
development of newborns with noncystic white
matter injury are necessary.
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