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Abstract

Background: Studies have shown that nearly 3% of closed head injuries result
in basal ganglia hemorrhages and that this may be a more frequent occurrence
in pediatric patients. Various mechanisms based on shearing forces have been
implicated in the injury; however, the underlying mechanism leading to the increased
incidence in pediatric patients has not been well described. Angiographic data
suggest that putamenal perforators in children are more severely stretched at
acute angles compared to those in adults, which may be a contributing factor to
the increased incidence.
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neurological deficits, and management with reference to available literature.

Conclusion: Although generally an alarming situation, benign presentations of
putamenal strokes may be seen in pediatric populations after closed head injuries.
In such cases, conservative management with subsequent rehabilitation and
physical therapy is recommended.
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INTRODUCTION

and headaches. The exact mechanism underlying

the basal ganglia strokes, especially in the absence of
other cerebral damage, is poorly understood; although
various mechanisms based on shearing forces have been

Nearly 3% of closed head injuries result in basal ganglia
hemorrhages manifesting with the symptoms of severe

head injury.*sl However, these have been described as
a separate traumatic entity.® Others have reported that
this may be a more frequent occurrence in pediatric
patients.”) Although generally an alarming situation,
benign presentations of putamenal strokes may be seen
in pediatric patients, with symptoms including nausea,
vomiting, loss of consciousness, temporary amnesia,

proposed. With improvements in diagnostic imaging
capabilities, damage to the perforating vascular system
especially  the lenticulostriate and anterior choroidal
arteries has been implicated in the ctiology of traumatic
putamenal strokes.

In this study, we discuss a short series of five cases of
relatively benign presentations of traumatic putamenal
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strokes in  children and review their presentations,
mechanism of injury, neurological deficits, and management
with reference to available literature [Table 1].

CASE REPORTS

Case 1

A S-year-old girl presented to the emergency room (ER)
with a history of fall from stairs (approximately 6-feet in
height). She had immediate loss of consciousness which
lasted for a 5 min. There was also a history of three
episodes of vomiting on the way to the hospital, but
no history of fits or bleeding from ecar or nose after the
njury.

On examination, she had a pulse rate of 82 beats per
minute with a blood pressure of 115/76 mmHg. Her
Pediatric Glasgow Coma Scale (GCS) was assessed to be
11/13, both her pupils were equal in size, and reaction to
light. Her movements over the left half of her body were
comparatively reduced with a power of 3/5 according to
the Medical Research Council (MRC) scale. The rest of
the neurological and systemic examination was within
normal limits.

The initial brain computed tomography (CT) scan
revealed a small ganglionic bleed associated with perifocal
edema and a subtle mass effect [Iigure la]. No other
brain or intracranial lesions were noted.

She was managed conservatively and her hemiparesis
gradually improved. A repeat CT scan at 2 weeks showed
that the hematoma had almost resolved [Figure 1b]. She
was started on regular physiotherapy and discharged 2
weeks later on a neurorchabilitation program.

At 6-month follow up, she had improved significantly,
and regained a power of 5/5 in the affected limbs.
Outcome assessed according to the Glasgow Outcome

Scale (GOS) was 5.

Case 2
A 6-year-old boy was brought to the ER with a history
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of road traffic accident. He lost consciousness only briefly
immediately after the episode and then had repeated
episodes of vomiting. His history was negative for any fits
or active bleeding from the ear or nose.

On examination, his pulse was 90 beats per minute with
a blood pressure of 115/80 mmHg. His pediatric GCS was
assessed to be 10/13, both his pupils were equal in size
and reaction to light. e had a scalp laceration on the left
parietal area, which had been appropriately sutured and
dressed in ER. The patient also had left hemiparesis with
a power of 3/5 in both upper and lower limb according to
the MRC scale. The rest of the neurological and systemic
examination was unremarkable.

The initial CT scan of the brain revealed a large
hematoma in the left lentiform nucleus with perifocal
edema [Figure 2a]. No other parenchymal injury,
fractures, or midline shift were noted on the scan.

He showed clinical improvement on conservative
management and became fully alert and conscious within
1 week. A repeat CT scan showed a resolving hematoma
and surrounding edema [Figure 2b], and he was started
on the regular rehabilitation program for hemiparetic
children adopted at our hospital. At 4-month follow-up,
the patient had regained functionality in the left side of
his body (4/5 on MRC Scale) and was able to perform
basic tasks. He had also begun to walk with minimum
support using a walking frame and his GOS score at
4-month follow-up was 4.

Case 3

An 8-year-old boy was brought to ER with a history of
road traffic accident in which he was hit by a motorbike.
He had a history of temporary loss of consciousness
followed by repeated episodes of nausca and vomiting.
There were no complaints of bleeding from car and nose
or seizure like activity after the trauma.

On arrival, his pulse was 87 beats per minute and blood
pressure was 115/75 mmllg. His GCS was 12/15, both
his pupils were equal in size and reaction to light. There

Table 1: Clinical summary of cases with traumatic putaminal strokes

Case Age/Sex Mechanisms Clinical findings CT findings Follow-up Prognosis

No. (months) (GOS)*

1 5 years/F Fall from stairs GCS 11/13, Left-sided Small left sided ganglionic 6 5
hemiparesis bleed

2 6 years/M Hit by motorbike GCS 10/13, left-sided Hemorrhage in left lentiform 4 4
hemiparesis nucleus

3 8 years/M Hit by motorbike GCS 12/15, no focal Small hematoma in right 4 5
neurological deficits putamen

4 7 years/M Car accident GCS 12/15, right-sided Hemorrhage in right 3 4
hemiparesis putamenal area

5 14 months/M Fall from bed GCS 11/13, left sided- Hypodense area in left 3 4
hemiparesis putaminal area

*GOS: Glasgow outcome scale
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Figure 1:(a) The brain CT scan of case | showing a small ganglionic
bleed with a subtle mass effect. (b) Repeat brain CT scan of the
same patient showing resolving hematoma with subtle hypodensity

were no other neurological deficits and the rest of the
examination was within normal limits.

The CT scan brain done on arrival showed a small
hematoma in the area of right putamen with minimal
perifocal edema, and no midline shift. The patient was
managed conservatively and became fully conscious in

72 h.

IHe was started on regular physical therapy and discharged
after 1 week with regular visits to our rehabilitation
unit. At 4 month follow-up, he showed full neurological
recovery without any residual deficits, and a GOS score

of 5.

Case 4

A 7-year-old boy was brought to the ER after being
involved in a road traffic accident, in which the car he
was riding in rolled over. He had a history of loss of
consciousness and repeated vomiting. There was no
history of fits or bleeding from ecar or nose.

On arrival his pulse was 95 beats per minute with a blood
pressure of 95/60 mmlHg. His GCS was 12/15, and both
his pupils were equal in size and reaction to light. There
was a 4-cm laceration on the patient’s posterior parietal
area on the right side. He had a left-sided hemiparesis
with power of 3/5. The patient had a deformity of the
right upper limb with suspected fracture of the humerus
which was stabilized using a long arm back-slab. The
rest of the_neurological and systemic examination was
unremarkable.

The initial CT scan of the brain showed a large hematoma
in right putamenal area with perifocal edema [Figure 3a].
There was associated mass effect and midline shift. An
Xeray of the right humerus revealed a reduced fracture of
humerus, which was immobilized in cast. The rest of the

Figure 2: (a) The brain CT scan of case 2 showing a large left
lentiform nucleus bleed with perifocal edema and mass effect. (b)
Repeat brain CT scan of the same patient showing progressive
resolution of the hematoma with decreasing mass effect

radiological survey was unremarkable. His scalp laceration
was sutured and dressed in the ER.

The patient was managed nonoperatively with hypertonic
saline in Pediatric Neuro-Intensive Care Unit for 24
h after which his imaging was repeated and he was
shifted to step down unit, and started on regular limb
physiotherapy. e was discharged home after a weck on
rehabilitation.

At 3-month follow up, he was able to perform basic
tasks and was seen comfortably playing with a toy. He
was also able to walk with support. A repeat CT scan
showed an area of hypodensity with decreasing perifocal
edema [Figure 3b]. He was advised to continue with
physiotherapy and regular clinical follow-up. Ilis recovery
was not as good as the previous cases as he remained
moderately disabled with a GOS score of 4 at 3-month
follow-up.

Case 5

A 14-month male child presented to the ER with a history
of fall from a bed (approximate height of 3 feet), after
which he lost consciousness. He regained consciousness
in about 2-3 min, and started to cry. On his way to the
hospital, he had three episodes of vomiting. There was no
history of seizure-like activity, or active bleeding from ear
or nose.

On examination, his Pediatric GCS was 11/13 and his
pupils were equal in size and reaction to light. There was
a scalp swelling around the occipital area. He was noticed
to have reduced movements over the right side of his
body, with a power of 3/5. The rest of the examination
was unremarkable.

The CT scan of his brain did not show any brain
parenchymal injury 2 h after the incident [Figure 4a].
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Figure 3: (a) The brain CT scan of case 4 showing a fairly large
putamenal hematoma on the right side with mass effect and slight
midline shift. (b) Repeat brain CT scan of the same patient showing
resolving hematoma with perifocal hypodensity and reduced mass
effect

Repeat CT scan at 24 h showed a small hypodense arca
in the left putamenal arca with surrounding mass effect
but no midline shift. Clinical correlation of the CT scan
confirmed an ischemic event of the area [Figure 4b)].

He was managed conservatively with physiotherapy and
subjected to regular follow-up. At 3 month follow-up he
had a good recovery as he was able to walk with minimal
support. His power on the affected side remained 4/5 at 3
months after the incident and his GOS score was 4.

DISCUSSION

Although the reported incidence is 3% in general
population, traumatic putamenal strokes may be more
common in the pediatric population. In previously
reported studies almost all injuries leading to traumatic
basal ganglia hemorrhages occurred in road traffic
accidents with significant forces of impact and/or
acceleration/deceleration  sustained by the patient;?6
however, in our series we see minor traumatic incidents
with falls from a height as low as 3 feet leading to
symptomatic putamenal hemorrhages in children.

Several theories have been proposed to explain these

injuries  seen in this setting including occlusion,
vasospasm, arterial  emboli,  dissection,  thrombus
formation, and vascular compression secondary to

increased intracranial pressure.1?#1121 These  models
have been supported by reports describing transient
hemiparesis, in children, after minor trauma to the head
with associated predominant faciobrachial neurological
deficits. MRI findings in these patients include acute
infarction of the internal capsule and corona radiata;
however, no abnormalities were found in the large
arteries on MRA most likely indicating an injury in the

Figure 4: (a) The brain CT scan of case 5 at the time of admission
showing no obvious parenchymal injury. (b) Repeat brain CT scan
of the same patient showing an area of hypodensity in left putamen
suggestive of ischemic parenchymal injury

perforating arteries.!""?l Due to the reversible nature of
the hemiparesis, it was concluded that mechanical spasm
of the perforating vessels might have played a role in the
injury.?1012

However, traumatic dissection of perforating arteries
might better explain underlying mechanism especially
in hemorrhagic strokes."! The mechanism of injury
proposed in such cases is traumatic rupture of the
perforating arteries, chiefly the anterior choroidal artery
or lenticulostriate artery leading to hemorrhage and
ischemia of the affected area. Mosberg and Lindenberg
considered that since the structures above the tentorium
can move freely on impact when compared to the fixed
structures below the tentorium there may be relative
motion between the two causing stretch and shearing
forces along the connecting structures, leading to
multiple small hemorrhages.”! These forces can also
account for isolated basal ganglia hemorrhage without
any other parenchymal injury. However, it may also be
attributable to the sensitivity of different tissues to injury
patterns as observed in experimental models. !

Following the previously reported data we compared the
vascular anatomy of normal pediatric and adult patients
undergoing cerebral angiography [Figure 5], in our
center revealing that the arising perforators in the child
were more tensely stretched at acute angles compared
to the tortuously arising perforators in an adult as seen
by Umansky et al. in their microanatomical study.!"!
Considering the basic laws of physics the stretch of the
perforators would automatically apply a certain amount
of stress to the vessels; making them more prone to
traumatic rupture and requiring lesser amount of force in
order to do so. The findings of Mosberg and Lindenberg
would also concur with this as the forces postulated by
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Figure 5: (a, b) Sketch on the top showing difference in angle of
origin of lenticulostriate arteries from middle cerebral artery,
more obtuse in the pediatric age group.A sample angiography in
a pediatric case (c) and in an adult (d) confirming the findings as
sketched

them would act in relatively the same plane as the tensile
forces.!”!

The absence of stretching forces along with the tortuous
nature of the perforators [Figure 5] would protect the
adult population from such traumatic hemorrhages in
cases of minor trauma, making it a rare occurrence;
however, the authors would like to point out that it
may not be very rare in children and putamenal strokes
should be kept in mind in cases of mild trauma involving
children.

Although Boto et al. reported that the final outcomes
were unfavorable in 84% of their patients, which showed
no correlation with volume of the hematoma,? we found
favorable outcomes in 100% of our patients on a long-term
follow-up and neurorchabilitative measures. This may be
due to the fact that our patients had relatively benign
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injuries and that the compliance and compressibility of
brain tissue is higher in pediatric populations; leading to
better tolerance of the mass effects of the hematoma.

We recommend that even though the contralateral
hemiparesis may be an alarming sign, conservative
management with  rehabilitative  physiotherapy  be
employed in children with relatively benign traumatic
putamenal strokes.
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