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Abstract
Aims— To describe two variants of infarc-
tion within the temporal lobe, associated
with local matrix bleeding and mild to
moderate intraventricular haemorrhage.
Methods—The files of 10 neonates, ex-
tracted from a sonographic study of 560
very low birthweight infants conducted
between 1993 and 1997, were retrospec-
tively examined.
Results—Seven lesions were located in the
middle to posterior area of the temporal
lobe, three others faced the atrium. All
except two of those with a temporal site
were VLBW infants with hyaline mem-
brane disease. Except for one fatal case,
intraventricular bleeding was mild to
moderate. Computed tomograms or mag-
netic resonance imaging were used to
illustrate the haemorrhagic nature of
three lesions. Survivors of this so far
undescribed entity who were followed up
for more than 18 months did not have a
uniform type of cerebral palsy but some
scored in the low normal range on the
Bayley Mental Development Index. One
girl developed temporal lobe epilepsy.
Conclusions—This pattern of injury
seems to be one of venous infarction asso-
ciated with temporal or para-atrial matrix
haemorrhage. The temporal site fits the
picture of venous infarction within the
area drained by the inferior ventricular
vein. A less constant lateral atrial vein,
either draining into the basal or internal
cerebral vein, is probably involved in the
para-atrial lesion. Sonography may be the

only practical tool currently available for
detection in life.
(Arch Dis Child Fetal Neonatal Ed 1999;81:F211–F216)
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Hyperechoic patterns of perinatal injury in the
temporal lobe include subarachnoid
haematoma,1 2 basal subdural haematoma,3 4

infarction in the area of the posterior trunk of
the middle cerebral artery,5 herpes
encephalitis,6 vascular anomaly,7 tumour and
abscess formation. A description of four
preterm infants with focal cerebral infarction
included an instance of mild intraventricular
haemorrhage with ipsilateral temporal lobe
paraventricular haemorrhagic infarction, the
wedged shape of which suggested primary
arterial stroke.8 Reference to bleeding within
the germinal matrix underneath the neuroepi-
thelium of the temporal lobe has only been
made in necropsy studies.9 This report deals
with two variants of infarction within the tem-
poral lobe, recognised in life, and associated
with local matrix bleeding and mild to moder-
ate intraventricular haemorrhage.

Methods
Ten cases of unilateral focal temporal lobe
hyperechogenicity form the basis of this report.
They were extracted from a sonographic study
carried out between 1993 and 1997, compris-
ing 560 very low birthweight (VLBW) infants.
Brain ultrasound scans in our unit were
interpreted at the bedside by the neonatologist
assigned to the infant and reviewed by one of

Table 1 Parenchymal temporal lobe haemorrhage associated with germinal matrix haemorrhage

Case
No

Gestational
age Clinical details Side

IVH
grade Outcome

Probable venous infarction within the area drained by the inferior ventricular vein
1 27 PROM, vaginal breech delivery, hypothermia, hypotension, grade 4 IRDS Right 4 Early neonatal death (arrest of intensive care)
2 26 Third of quintuplet, vaginal breech delivery, grade 4 IRDS with pulmonary

emphysema, pneumothorax and chronic lung disease
Right 2 Late neonatal death

3 32 Grade 3 IRDS Left 2 Normal motor development at 7 months, MDI 105
4 28 Second twin, emergency caesarean, grade 4 IRDS, pulmonary

hypertension, pulmonary emphysema, bilateral pneumothorax, open
ductus arteriosus (surgically clipped), chronic lung disease

Right 2 Delayed milestones, mild cognitive dysfunction, no
cerebral palsy at 42 months

5 27 Grade 3 IRDS, transient posthaemorrhagic ventriculomegaly, urethral
valves with urosepsis

Left 2 Transient lower limb hypertonia and mild cognitive
delay at 18 months (MDI 84)

6 40 Maternal diabetes insipidus, seizures on day 2, right subacute temporal
cerebral and left cerebellar bleeding, no respiratory distress

Right 2 Hypotonia and mild cognitive delay at 34 months
(MDI 88, Reynell language test at 5th centile)

7 28 PROM, early onset GBS septicaemia with hypotension, metabolic acidosis,
neutropenia; no IRDS, open ductus arteriosus

Right 2 Normal at 4 months

Probable venous infarction within the area drained by the lateral atrial vein
8 34 Enterococcal pneumonia (vertical transmission), pneumothorax,

pulmonary hypertension, chronic lung disease
Right 2 Mild left hemiparesis at 28 months, MDI 110

9 34 Acceptor in a fetofetal transfusion, severe non-immune hydrops, persistent
hypoglycaemia, posthaemorrhagic hydrocephalus

Left 2 Severe visual dysfunction, normal cognitive
dysfunction, poorly defined psychiatric disorder,
first epileptic insult at 8 years of age

10 31 Pre-eclampsia, intrauterine growth retardation, fetal distress 3 days before
caesarean section, no respiratory distress, lesion seen at 1 h of age

Right 2 No follow up yet
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the authors (PG). An ATL Ultramark 4 echo-
graph with a 90° mechanical sector scan and
7.5 MHz emission frequency was used
throughout the study. Scans were taken on
admission and one to three more times in the
first week, depending on the clinical situation.
Thereafter weekly sonograms were taken.

To be included, the sonographic lesion had
to be unilateral, sited at least partly within the
temporal lobe, sparing the temporal isocortex,
be associated with intraventricular haemor-
rhage, and have a round or elliptoid shape in
the coronal and parasagittal planes. The latter
was important to ensure diVerentiation from
pial arterial infarction (stroke), which would
cause a wedge shaped hyperechoic lesion
extending from the cortex to a few millimetres
away from the ventricle wall.

Computed tomographic or magnetic reso-
nance imaging confirmation of the haemor-
rhage was available for three infants.

Intraventricular haemorrhage (IVH) grade 2
was diagnosed when early neonatal sonograms
suggested the presence of a limited amount of
intraventricular blood (less than one third of
the lateral ventricle cavity) and when serial
sonographic evaluation in the late neonatal
period sustained the diagnosis based on recog-
nition of irregular clots, occipital horn hyper-
echogenicity, or dense ependymal lining.
Grade 4 IVH referred to large fronto-parietal
haemorrhagic parenchymal infarction associ-
ated with ipsilateral extensive ventricle bleed-
ing. Parenchymal infarction was still visible on
coronal sections through the glomus choroi-
deum.

Figure 1 Case 2 on day 10: sections of the right temporal lobe through the coronal (left) and parasaggital (right) planes
showing central clearing (arrow) adjacent to the outer wall of the ventricle.

Figure 2 Case 3 on day 3: coronal section through the
central area of the temporal lobe; corresponding to computed
tomogram on day 8. This rounded hyperechoic focus with
irregular inner margins was shown to be haemorrhagic on
computed tomography (arrow); some of the clot, which went
undetected by ultrasonography, is evident in the occipital
horn (right).

Figure 3 Case 7 on day 48; axial T2 (left) and T1 (right) weighted magnetic resonance
images showing hyperintense (T1) amd hypointense (T2) old blood in a right temporal lobe
hyperechoic focus detected on day 8. Note left subependymal haemorrhage (arrow) that was
not detected by ultrasonography.
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Hyaline membrane disease grade 3 was
diagnosed when the lungs appeared white with
an air bronchogram and there was a fuzzy but
recognisable cardiac silhouette. The latter was
indistinct in grade 4 hyaline membrane disease.

Routine follow up at 4,7,12 and 24 months
included Bayley Scales of Infant Development
(Mental Development Index or MDI, the aver-
age of which was 100) and formal neurological
examination. Venous brain anatomy was stud-
ied according to Newton and Potts.10

Results
The data from the 10 patients with temporal
lobe infarction in association with intraven-
tricular haemorrhage are presented in table 1.

All but two had been ventilated (six VLBW
infants) for hyaline membrane disease. Two
died after intensive care had been withdrawn as
a result of cerebral or respiratory problems with
a poor prognosis.

Seven infants had a hyperechoic area in the
middle to posterior area (on parasagittal
section), superolateral (on coronal section) of
the temporal lobe (fig 1). The haemorrhagic
nature of the lesion was confirmed by early
neonatal computed tomography in cases 3 (fig
2) and 6, and by MRI in case 7 (fig 3). The
hyperechoic focus in cases 2, 3, 7, 6, 4 and 5
was followed with serial sonography up to the
postnatal age of 15, 34, 48, 50, 110 and 115
days, respectively. In cases 2–5 and 7 the focus
was homogeneously hyperechoic in the first
week but with irregular elliptoid central disso-
lution in the course of the second postnatal
week (fig 4). In case 6 a poorly distinguishable
central nidus near the lateral and superior bor-
der of the temporal horn was already present by
day 2, suggesting antepartum onset. The entire
hyperechoic area at first rested against the lat-
eral ventricle, without adjacent healthy white
matter. As such it was impossible to diVerenti-
ate a paraventricular from an intraventricular
clot on the early scans. Gradual regression of
the hyperechoic area from its base against the
ventricle suggested an image reminiscent of
abscess. The clinical history was not compat-
ible with cerebral abscess formation in any of
these infants. A porencephalic aspect (diver-
ticulated temporal horn) was seen in cases 4, 5,
and 7 after day 50 (fig 4). Outcome data
beyond 12 months were available for three
infants. They shared a Bayley Mental Develop-
mental Index in the (low) normal range and the
absence of a specific motor disorder.

Three infants (cases 8–10) presented with a
unilateral hyperechoic elliptoid focus facing the
atrium of the lateral ventricle at the junction of
the temporal, occipital, and parietal ventricle
segments (fig 5). The sonographic course was
identical with that described for the temporal
lesion above. In case 7 the bright area persisted
for at least 4 weeks and mimicked abscess for-
mation. However, inflammatory signs subsided
after 10 days of intravenous antibiotics, the
cerebrospinal fluid grew no cultures, and the
focus developed into a porencephalic diverti-
cle. Both infants scored within the normal
range for cognitive function on follow up, but
one developed a mild motor hemisyndrome
and the other epilepsy and severe visual
dysfunction. Given discovery of the lesion one
hour after birth in an unventilated VLBW
infant (case 10) born by elective caesarean sec-
tion, onset was probably antepartum.

Discussion
These neonates all exhibited unilateral tempo-
ral lobe infarction and intraventricular haemor-
rhage. Two anatomic variants were apparent.
Seven children presented with infarction along
the latero-superior border of the temporal horn
in the middle to posterior region. The lesion
extended beyond what could be expected to be
matrix haemorrhage. With two exceptions,
these were preterm infants with grades 3 or 4

Figure 4 Case 5 on day 70: sections seen through the
coronal (upper and middle panels) and left parasaggital
planes (bottom): left posterior temporal hyperechoic focus
has disappeared leaving a diverticle to the temporal horn
(arrows) without hyperechoic margins. A contralateral
subependymal germinolytic cyst of late postnatal origin can
be seen.
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hyaline membrane disease. The germinal
matrix along the temporal horn in viable
preterm infants is traversed by the inferior ven-
tricular vein.10 This vein collects blood from the
latero-superior border of the middle and
posterior temporal horn and neighbouring
white matter to its site of drainage in the basal
vein of Rosenthal, near the anterior tip of the
temporal horn (fig 6).11 Infarction due to
occlusion of this vein by subependymal bleed-
ing, would lead to a hyperechoic focus (figs 1,2,
and 4). The inferior ventricular vein, the
venous companion of the anterior choroidal
artery, runs in the temporal portion of the stria
terminalis and as such is the subependymal

vein of the temporal horn. Its main tributaries
are the inferior choroidal vein and the hippoc-
ampal venous plexus.

Bleeding into the temporal germinal matrix
has been well documented.9 12 13 Of 82
necropsy infants weighing under 2000 g at
birth, 64 (78 %) had germinal matrix
bleeding.9 The site of haemorrhage was caudo-
thalamic in 62, temporal in 24, and occipital in
22. The postmortem picture of an infant with a
small temporal matrix haemorrhage, not de-
tected by ultrasonography and therefore not
included in the study, is shown in fig 7. This
does not fit with the prevailing theory of a
strong association with flow changes in the

Figure 5 Case 8 on day 21: sections of the atrium through the coronal plane (left) and the right insular area through the
parasaggital plane (right). The initially homogeneous para-atrial bright spot developed a central cavity, leaving a lateral
and superior hyperechoic margin (arrow) which mimicked abscess formation.

Figure 6 Illustration of coronal brain section at 26 weeks,12 showing germinal neuroepithelium along the lateral ventricle
near the foramen of Monro and along the lateral wall of the temporal horn (arrow). Adapted from Newton and Potts.10

Top: coronal section through the right hemisphere at mid-temporal level; bottom : atrium at posterior temporal level.

F214 Govaert, Smets, Matthys, Oostra

 group.bmj.com on February 11, 2012 - Published by fn.bmj.comDownloaded from 

http://fn.bmj.com/
http://group.bmj.com/


thalamo-striate vein. The mode of genesis of
paraventricular temporal infarction may be
similar to parenchymal haemorrhage associ-
ated with caudo-thalamic groove matrix haem-
orrhage. In that setting focal hyperechoic areas
correspond to venous infarction of frontal and
parietal periventricular white matter, to some
extent.14–17 Temporal (subinsular) venous inf-
arction is not mentioned in these reports. The
natural course of infarction of the area drained
by the inferior ventricular vein, with central
cavitation in the latter part of the second week
after discovery, and ultimate development of a
porencephalic diverticle, is akin to the evolu-
tion of fronto-parietal venous infarcts.17 Varia-
tion in size and location within the temporal
lobe may accord with variation in recruitment
of venous tributaries, but also in venous
anatomy.

Three infants presented with unilateral
infarction lateral to the atrium. Periventricular
white matter in that area is drained through
lateral atrial veins to the basal vein, together
with the internal cerebral vein, the major tribu-
tary of the great cerebral vein of Galen. The
lateral atrial veins follow a trajectory in the roof
of the posterior part of the temporal horn,
where they can be embedded in the germinal
matrix (fig 6).10 Lateral and medial atrial veins
may join to form a common stem draining into
the internal cerebral or basal veins. Deep
cerebral venous thrombosis, starting from the
superior sagittal sinus and spreading to the vein
of Galen, may engender thrombosis of the
basal or internal cerebral veins. Basal vein
thrombosis may appear as a para-atrial haem-
orrhagic infarction similar to the cases de-
scribed here. With internal cerebral vein
thrombosis, haemorrhage into the thalamus
and caudate nucleus head is often seen.18 With
this so-called thalamo-caudato-ventricular
bleeding, limited intraventricular haemorrhage
follows bleeding into the germinal matrix or
choroid plexus. This suggests that para-atrial
infarction may result from occlusion of the lat-
eral atrial vein, either by primary thrombosis or
secondary to compression by temporal matrix
haemorrhage. In and around the caudo-
thalamic groove subependymal haemorrhage
venous thrombi have been found in preterm
infants at necropsy,12 19 although it is not clear

whether haemorrhage follows or precedes
small vein thrombosis.

Grey scale and colour Doppler flow imaging
may permit serial measurement of deep venous
flow velocities.20 21 Direct observation of the
impact of respiratory pressure changes in ven-
tilated preterm infants still has to be made, but
circumstancial evidence is strong enough to
establish a link between respiratory distress and
matrix bleeding near the caudate head.22–25 The
same association may exist for the temporal
lobe matrix.

Both temporal periventricular lesions de-
scribed above have to be diVerentiated from
tumour, vascular anomaly,7 abscess formation,
venous infarction with transverse sinus
thrombosis,26 herpes encephalitis,6 7 stroke
within the truncus posterior of the middle cer-
ebral artery5 27–31 or within the posterior cer-
ebral artery,5 32–35 temporal periventricular
leukomalacia36 and post-asphyxial watershed
infarction.37

Our developmental data are insuYcient to
draw firm conclusions. Infarction in the
temporal lobe does not seem to predict a defi-
nite motor disorder (one child with a contralat-
eral motor hemisyndrome among five survivors
follow ed up beyond 1 year of age). The lesions
or associated conditions may lead to cognitive
and visual dysfunction, without lowering the
developmental quotient below . Special atten-
tion should be paid to memory and language
development in addition to auditory and visual
perception. The prevalence of temporal lobe
epilepsy should be monitored for several years:
these lesions may be one of the many causes of
the mesial variant.38

A hyperechoic focus in the temporal lobe
deserves careful investigation. As this study
shows, serial sonography may suYce to diVer-
entiate between disease patterns in sick ne-
onates. Confirmation of the haemorrhagic
nature (with computed tomography or MRI)
will increase diagnostic strength. Postmortem
confirmation is warranted, with a special focus
on the link between matrix haemorrhage and
venous occlusion within the area of the basal
vein of Rosenthal.
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