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THE CASE
A heart murmur was detected in a healthy, active 
11-year-old left-handed boy. Echocardiography 
demonstrated mild hypoplasia of the transverse 
aortic arch (pressure gradient 33–38 mmHg). 
The boy had no cardiac symptoms, hyper-
tension or ventricular hypertrophy. One year 
later he develo ped hypertension and was started 
on low dose atenolol. This treatment failed over 
the following year and, with increasing pressure 
gradients, intervention was deemed necessary. 
Catheterization of the femoral vein and artery 
with heparin infusion were performed, with 
placement to both the descending aorta and 
the aortic arch via a trans-septal route. Tubular 
hypoplasia, from the left carotid artery to distal 
to the left sub clavian, was confirmed. Two stents 
were placed in the arch, one just proximal to 
the origin of the left carotid artery. An excellent 
reduction in the pressure gradient was achieved 
without complication. The right carotid artery 
was not cannulated. The patient was main-
tained on heparin throughout the procedure, 
with prolonged partial thromboplastin time 
post-procedure.

Upon awaking from the procedure, a left hemi-
paresis was appreciated. Emergent neurological 
consultation documented a drowsy, irritable boy 
with dysarthria, expressive dysphasia and left 
hemianopsia. A moderate left sided hemiparesis 
affecting face and arm was seen and the left toe 
was upgoing. No other cranial nerve or sensory 
deficits were appreciated. 

A CT scan completed 45 min later demon-
strated subtle hypodensities in the right basal 
ganglia and cerebral cortex, suggestive of early 
ischemia in the middle cerebral artery territory 
(Figure 1A). The patient was last seen well over 
3 h earlier so intravenous thrombolytic therapy 
was excluded. Intra-arterial thrombolysis was not 
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pursued for reasons that included well evolved 
infarction on CT, difficulty in re accessing the 
right carotid within 6 h, and the complete lack 
of evidence for this therapy in children. MRI 1 h 
after the CT scan confirmed arterial ische mic 
stroke (AIS) involving a large portion of the 
middle cerebral artery territory (Figure 1B). 
Vascular imaging could not be completed 
because of patient motion.

Anticoagulation with unfractionated heparin 
infusion (20 units/kg/h, no bolus) was initiated. 
Neuroprotective care included maintenance of 
normal to mildly elevated glucose levels, blood 
pressure and normothermia, which required 
antibiotics and external cooling. Prophylactic 
anticonvulsants were given. At around 40 h the 
patient developed worsening headaches and 
vomiting. Examination demonstrated papil-
ledema and a dilated, unreactive right pupil. 
Evolving malignant cerebral edema was diag-
nosed on the basis of CT evidence obtained 
24 h earlier (Figure 1C). Before emergent hemi-
craniectomy was performed, the patient received 

mannitol and 3% saline, and protamine for 
reversal of anticoagulation (Figure 1D). Repeat 
MRI on day 5 demonstrated evolution of the 
previous infarction, as well as the development 
of new areas of infarction (Figure 1E). These 
included a right occipital lobe AIS, likely to 
be secondary to compression of the posterior 
cerebral artery during the herniation episode. 
Another infarct in the left globus pallidus 
suggested ongoing thromboembolism from a 
proximal source; however, echocardiography 
and magnetic resonance angiography of the 
arch and neck vessels was normal.

The young man remained in hospital for 
another month, incurring multiple compli-
cations including pneumonia and deep vein 
thrombosis that required placement of an infe-
rior vena cava filter. He was discharged to the 
rehabi litation facility where he improved over 
the next 6 months. The bone flap was replaced 
with mild cosmetic deformity. He was maintained 
on both low molecular weight heparin (enoxa-
parin, 1 mg/kg/day) and aspirin (3–5 mg/kg/day). 
No other risk factors for stroke were identi-
fied, and prothrombotic testing was nega-
tive. His language improved markedly and was 
close to normal at hospital discharge. While his 
weakness improved to a moderate disability, 
a severe dystonic posturing of the left extremi-
ties developed at 6 months, progressing into a 
major disability resistant to multiple treatments. 
Depression was diagnosed and he continues 
on antidepressant medication. The final extent 
of brain damage can be demonstrated by MRI 
(Figure 1F).

DISCUSSION OF DIAGNOSIS
Stroke has emerged as an important cause of brain 
injury in children. An incidence of 2–8 cases per 
100,000 children per year is comparable to pedi-
atric brain malignancy.1 AIS is defined as an acute 
neurological deficit with neuroimaging confirma-
tion of infarction in an arterial territory. Pediatric 
AIS has a varied clinical presentation and complex 
differential diagnosis, but the acute onset of a 
focal neurological deficit in proximity to a cardio-
vascular procedure should be considered as AIS 
until proven otherwise. A high index of suspi-
cion is required from physicians, as infants often 
do not demonstrate focal neurological deficits. 
Stroke diagnosis is confirmed by neuroimaging, 
and the availability of diffusion-weighted MRI and 
non invasive vascular imaging has greatly improved 
its recognition. Outcomes are generally poor 
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Figure 1 Evolution of ischemic stroke complicating cardiac catheterization 
in a boy with aortic hypoplasia. (A) A CT head scan done 90 min from onset 
of symptoms demonstrates subtle loss of signal in the caudate and lentiform 
nuclei and loss of cortical grey–white differentiation. (B) Diffusion-weighted 
MRI 60 min later confirms infarction in the right middle cerebral artery territory. 
(C) A head CT at 36 h showing marked cerebral edema with midline shift 
(arrow) requiring (D) decompressive craniotomy. (E) Repeat diffusion-weighted 
MRI at 72 h shows new infarcts including the left globus pallidus and right 
occipital lobes (arrows). (F) Fluid-Attenuated Inversion Recovery MRI 3 years 
later shows encephalomalacia and gliosis of the infarcted areas.

ncpcardio_2006_124.indd   164ncpcardio_2006_124.indd   164 8/2/07   2:33:22 pm8/2/07   2:33:22 pm



CASE STUDY

MARCH 2007  VOL 4  NO 3   KIRTON AND DEVEBER    NATURE CLINICAL PRACTICE  CARDIOVASCULAR MEDICINE  165

www.nature.com/clinicalpractice/cardio

following a stroke: morbidities of hemiparesis, 
cognitive and language delays, and epilepsy occur 
in the majority of patients, and there is substantial 
mortality.2 Excellent general reviews of pediatric 
stroke are available for further reading.1

Many risk factors have been suggested for child-
hood AIS, including acute and chronic diseases, 
infection or inflammation, pro thrombotic states, 
congenital syndromes and vascular disorders.3 
While many children harbor multiple risk factors, 
another 20–30% are idiopathic. An extensive 
investigational approach is, therefore, required. 
In the context of the presented case, the role of 
cardiac disease in pediatric stroke is discussed in 
more detail. 

Cardiac diseases are among the most consis-
tently identified risk factors for childhood 
AIS, being associated with 10–30% of cases.3,4 
Population-based data of over 1,000 children 
with AIS found cardiac disease in 28%,5 the 
majority of whom had complex congenital heart 
disease (CHD). Over 40% of strokes, however, 
occurred in association with cardiac surgery or 
catheterization. Case–control data from over 
5,500 children undergoing cardiac procedures 
indicate an incidence of vaso-occlusive stroke 
of approximately 1 in 200, with reoperation 
procedures carrying the highest risk.6 

The pathophysiology of cardiac related 
strokes is often unclear. Thromboemboli can 
occur secondary to structural and flow abnor-
malities arising from areas of poor wall motion, 
sites of endothelial injury, catheters or bypass 
machinery. Certain structural arrangements, 
such as single ventricle physiology, increase this 
risk, as do procedures such as the Fontan proce-
dure4,7 or balloon atrial septostomy in transposi-
tion of the great arteries.8 Strokes can also occur 
in the preoperative period and in these cases are 
often clinically silent.9 Stroke may complicate 
as many as 1 in 200–400 interventional proce-
dures.4,10 Population-based data indicate that 
approximately 20% of strokes in children with 
CHD occur in relation to catheteri zation.5 
Endothelial injury and thrombo embolism is 
often presumed, although our patient did not 
have the right carotid artery cannulated and 
vascular imaging was normal. 

Although CHD lesions are most common, 
cardiomyopathy, valvular disease, endocarditis, 
arrhythmia and ventricular dysfunction should 
also be considered as AIS risks. The need for 
extracorporeal membrane oxygenation further 
increases stroke risk.11 Right-to-left shunting 

carries a risk of paradoxical AIS secondary to 
venous thrombosis. Patent foramen ovale is 
common in children, although the actual stroke 
risk it imparts is currently under debate. 

TREATMENT AND MANAGEMENT
Therapeutic approaches to stroke in children 
are evolving but lack empirical evidence.12 
Acute thrombolytic therapy was strongly consi-
dered because of our patient’s age, proximity to 
catheteri zation, and significant deficit. While the 
successful use of thrombolytics in children has 
been described anecdotally,12 the complete lack 
of evidence warrants great consideration before 
this therapy is undertaken, and safety studies 
are required.

Consensus-based guidelines support the use 
of anticoagulation in acute childhood stroke.13 
This approach is supported by differences in 
pediatric stroke risk factors and mechanisms, but 
lacks evidence from randomized clinical trials. 
Other acute neuroprotective strategies to mini-
mize secondary brain injury include attention to 
normalization of blood pressure, blood sugar and 
body temperature, as well as aggressive treatment 
of seizures and infection.12 

Recurrence rates for pediatric stroke are 
substantial, estimated at 10–25%, and may be 
increased with concomitant cardiac disease.14 
Evidence for secondary stroke prevention in 
children with cardiac disease is lacking, though 
guidelines agree that aspirin can provide some 
protection.13,15 Aspirin could also be primarily 
protective in certain circumstances, such as in 
patients with functional single ventricles under-
going Fontan procedures.7 High risk populations, 
such as children with CHD, will be the target of 
upcoming secondary prevention trials.

Although recommendations on the timing of 
emergent decompressive craniectomy in chil-
dren with stroke are limited by minimal experi-
ence, the effectiveness shown here suggests this 
option should be seriously considered in cases 
of malignant cerebral edema.

CONCLUSION
This case illustrates the crucial need for improved 
recognition and study of AIS in pediatric cardio-
vascular patients. Further study will allow 
cardio vascular interventionalists and pediatric 
neurologists to better understand mechanisms, 
provide risk estimates, and develop preventive 
strategies to reduce the poor outcomes suffered 
by most children. 
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