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Case report
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Figure 1  A CT of the brain demonstrated acute left 
frontal and parietal cerebral infarct.

Figure 2  MRI of the brain showing non-enhancing 
T1 hypointensities (A) and T2 hyperintensities (B) at left 
periventricular deep white matter and left parietal region.

SUMMARY
Children with Down syndrome have a higher risk of 
stroke. Similarly, intravenous immunoglobulin (IV Ig) is 
also known to cause a stroke. We reported a 3-year-
old boy with Down syndrome who presented with 
severe pneumonia and received IV Ig. He developed 
right hemiparesis 60 hours after the infusion. Blood 
investigations, echocardiography and carotid Doppler 
did not suggest vasculitis, thrombophilia or extracranial 
dissection. Brain computerised tomography (CT) showed 
acute left frontal and parietal infarcts. Initial magnetic 
resonance angiography (MRA) of cerebral vessels 
showed short segment attenuations of both proximal 
middle cerebral arteries and reduction in the calibre of 
bilateral supraclinoid internal carotid arteries. The boy 
was treated with enoxaparin and aspirin. He only had 
partial recovery of the hemiparesis on follow-up. A repeat 
MRA 13 months later showed parenchymal collateral 
vessels suggestive of moyamoya disease. We recommend 
imaging the cerebral vessels in children with a high risk 
of moyamoya before giving IV Ig.

Background
Children with Down syndrome have a higher risk of 
stroke.1 Most stroke episodes are related to throm-
boembolism secondary to an underlying congenital 
heart disease or infections causing cerebral vascu-
litis.1 2 Two-thirds of the cases of literature-reported 
angiographic abnormalities in this group of chil-
dren had moyamoya syndrome and the rest were of 
unknown aetiology.1

Intravenous immunoglobulin (IV Ig), a pooled 
IgG derived from plasma of human donors, has 
been known to cause thrombotic complications but 
this is uncommon.3 4 The exact mechanism of stroke 
for patients receiving IV Ig is still unclear, although 
several studies postulated that it could be secondary 
to hyperviscosity, transient vasospasm, the elevation 

of platelet count as well as the introduction of clot-
ting factors and vasoactive cytokines.4–8 To date, 
there has been no report in the literature of IV 
Ig-related stroke in children with Down syndrome. 
We describe herein a child with Down syndrome 
who developed stroke after IV Ig infusion given for 
severe bronchopneumonia, with a diagnostic chal-
lenge to ascertain the underlying cause.

Case presentation
A 3-year-old boy with Down syndrome presented 
with 2 days’ history of fever, cough, runny nose 
and rapid breathing, as well as reduced feeding 
and activity. He was born prematurely at 32 gesta-
tional weeks. He had chronic lung disease, bilateral 
moderate sensorineural hearing loss and congenital 
hypothyroidism. His chest X-ray showed diffuse 
bilateral airspace opacities suggestive of broncho-
pneumonia. He received 20 mL/kg of normal saline 
bolus and intravenous ampicillin, besides heated 
and humidified high flow oxygen. At the fifth hour 
of admission, he remained critically ill, and he was 
commenced on IV Ig to treat for possible adeno-
viral pneumonia. A total of 10 g IV Ig (1.17 g/kg) 
was infused over 6 hours with monitoring of close 
vital signs. Subsequently, his clinical condition 
improved and he was gradually weaned off respira-
tory support 2 days later.

At 60 hours after completion of IV Ig infusion, 
the mother noticed the boy was having right-sided 
body weakness and facial asymmetry. His power 
was 0/5 over the right upper and lower limbs, 
and he had a right foot sustained clonus as well as 
extensor plantar reflex. Cranial nerve examination 
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Figure 3  Magnetic resonance angiogram of the brain showing 
short segment attenuation of both proximal middle cerebral arteries 
(left more than right, red arrows) and reduction in calibre of both 
supraclinoid internal carotid arteries (yellow arrows).

Figure 4  Magnetic resonance angiogram of the brain showing 
intracranial vasculopathy involving supraclinoid internal carotid arteries, 
M1 segments of middle cerebral arteries and A1 segments of anterior 
cerebral arteries (red arrows).

Figure 5  A repeat magnetic resonance angiogram 13 months after 
the stroke demonstrated the presence of collateral vessels (red arrows) 
suggestive of moyamoya syndrome.

showed loss of right nasolabial fold suggestive of seventh cranial 
nerve palsy.

Investigations
After the IV Ig infusion, the boy had higher platelet count 
(139×103 cells/µL) and haematocrit (29.0%) compared with 
122×103 cells/µL and 26.2%, respectively, on admission. 
Erythrocyte sedimentation rate was high (135 mm/hour). The 
coagulation profile, thrombophilia and vasculitis screening, elec-
trocardiogram, echocardiography and carotid Doppler were all 
normal. An urgent computerised tomography (CT)of the brain 
demonstrated acute left frontal and parietal infarcts (figure 1). 
A subsequent magnetic resonance imaging (MRI) further 
confirmed the infarcts involving deep white matter extending to 
left centrum semiovale with evidence of small vessel ischaemic 
changes (figure  2A and B). Magnetic resonance angiography 
(MRA) showed short segment attenuation of both proximal 
middle cerebral arteries (MCAs) involving the M1 segments (left 
more than right) and reduction in the calibre of both supracli-
noid internal carotid arteries (ICA, figure  3). Figure  4 shows 
intracranial vasculopathy involving supraclinoid ICAs, M1 
segments of MCAs and A1 segments of anterior cerebral arteries 
(ACAs). There were no collateral parenchymal vessels on either 
side to suggest moyamoya disease.

Treatment
The boy received 5 days of subcutaneous enoxaparin (twice daily, 
1 mg/kg) and 5 mg/kg of aspirin (once daily). He was referred for 
physiotherapy.

Outcome and follow-up
The child only had partial motor recovery by 5 months with 
improvement in the power of the right upper limb (2/5) and right 
lower limb (1/5) as well as the resolution of right facial paralysis. 
He continued to receive physiotherapy at the community-based 
child developmental unit. A repeat MRA with MRI 13 months 
after the stroke shows slow progressive intracranial vasculopathy 
involving ICAs, both M1 segments of MCAs and A1 segments of 
the ACA with collateral vessels formation (figure 5). Although 
there was no ivy sign to suggest leptomeningeal collaterals, the 
formal finding was still suggestive of moyamoya syndrome. The 
chronic left MCA territory infarct remained unchanged. Three-
and-half years after the event the child (6 years 3 months old) 
remained well and ambulating with a right hemiplegia gait. All 
muscle powers on the right were 4/5.

Discussion
We presented a previously unreported case of a post IV Ig stroke 
event in a toddler with Down syndrome, a condition that carries 
a risk of developing a stroke. Despite knowing its potential risk, 
we had to use IV Ig as adjuvant therapy in this critically ill child 
to treat pneumonia, possibly due to adenovirus and improved 
his survival outcome. The lack of pre-existing embolic source 
and evidence of vasculitis suggest that IV Ig could have perhaps 
precipitated the thrombotic event in this child who already had 
a vascular risk factor. Caress et al reported that stroke episodes 
could occur at any time within 24 hours to 4 days of infusion, 
consistent with our case who presented 60 hours after completion 
of IV Ig.3 All of the strokes in the series also involved medium-
sized cerebral arteries.3 Moreover, literature has also reported 
bilateral cerebral thrombotic infarction similar to that in our 
child.3 We treated the child with enoxaparin and searched for 
underlying thromboembolic causes.1 Although not conclusive, as 
the initial MRI showed that there was a narrowing of the ICA 
and MCA, features that suggested the possibility of moyamoya 
disease and a condition that is rather common in children with 
Down syndrome, we gave aspirin to the child.

Although the repeated MRA showed features of moyamoya 
syndrome eventually, the exact mechanism of IV Ig causing 
stroke in this child is unclear. It could be due to an increase 
in blood viscosity, but we were unable to measure his serum 
viscosity. The initial MRA findings suggested a risk of developing 
moyamoya syndrome as there was a narrowing of both supr-
aclinoid ICA and proximal MCA on angiography.9 However, 
the characteristic basal collateral vessels described in moyamoya 
syndrome were not present in the imaging studies of this child. 
Differentiating moyamoya syndrome in this child who was at 
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Learning points

►► Children with Down syndrome and immunoglobulin infusion 
are known as risk factors for stroke development.

►► The role of intravenous immunoglobulin (IV Ig) in a child with 
Down syndrome who develops stroke is unknown.

►► Moyamoya disease is a known and common cause of stroke 
in children with Down syndrome. Still, the diagnosis is difficult 
and often requires repeat imaging as well as follow-up to 
ascertain the actual cause.

►► Children at risk of a stroke-like event such as Down syndrome 
should be given IV Ig with caution after weighing the risk-
benefit ratio, and requires monitoring for a possible adverse 
event.

►► It is advisable to image the cerebral vessels in children with a 
high risk of moyamoya disease before giving IV Ig.
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risk by himself remained difficult as compensatory collateral 
vessels may still develop later. A follow-up imaging is therefore 
prudent, although the duration of repeating the MRA in a year 
may be somewhat arbitrary. Our case also developed bilateral 
moyamoya, consistent with that reported in children with Down 
syndrome.2 We could not exclude the possibility of a coexisting 
condition in this child, that is developing a stroke secondary to 
IV Ig infusion with an asymptomatic moyamoya syndrome.10 We 
believe the stroke was due to a combination of the underlying 
vascular changes in evolution and the IV Ig, and the IV Ig itself 
might have aggravated the stroke scenario. We are unsure of the 
role of intercurrent infection in the pathogenesis of moyamoya 
syndrome as literature on this is scarce, although a few organisms 
such as measles, mycoplasma and Epstein-Barr virus have been 
suggested.11–13 During intercurrent infection, fever, dehydration, 
coagulation activation or direct involvement of organisms in the 
central nervous system may play a role in the development of 
the infarction.12

Children at risk of a stroke-like event such as Down syndrome 
should be given IV Ig only with clear indication (eg, life-saving 
situation) after judiciously weighing the risk and benefit. Parents 
must be counselled of the higher risk of stroke, and all patients 
have to be closely monitored for this adverse event during any 
period of IV Ig therapy till at least 4 days after completion of 
the infusion. Causes of post IV Ig stroke in children with risk 
factors are multiple and can be difficult to differentiate at times. 
Although it may be very effort-intensive and resource-intensive to 
do an emergency MRI/MRA neuroimaging (and throw up major 
challenges in treatment) before deciding to give IV Ig in a child 
with Down syndrome, the individual clinician should weigh the 

risk and benefit ratio holistically. A follow-up for recurrence and 
progression of neurology in this group of children may reveal 
the actual cause in cases where the initial pathology is uncertain.
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