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ABSTRACT. Pediatric stroke is an underrecognized,
potentially treatable cause of childhood neurologic disease. Acute basilar artery thrombosis is a devastating
disease rarely encountered in children. Acute interventions with both chemical and mechanical thrombolysis
techniques can improve outcomes in adults with arterial
thrombosis of the posterior cerebral circulation. We report a case of intervention with both intra-arterial alteplase (tissue plasminogen activator) and cerebral balloon
angioplasty to treat a prolonged basilar artery occlusion
secondary to idiopathic thrombosis in an adolescent. Despite the patient being clinically locked-in and intervention being delayed at least 20 hours from symptom onset,
he obtained complete neurologic recovery. Issues of pediatric stroke, late therapeutic intervention, chemical
thrombolysis, and cerebral angioplasty are discussed.
This case highlights the underrecognition and subsequent delay in diagnosis of pediatric stroke and how
acute intervention may cure otherwise catastrophic
strokes in children. Pediatrics 2003;112:e248 –e251. URL:
http://www.pediatrics.org/cgi/content/full/112/3/e248;
stroke, child, basilar artery, thrombosis, balloon angioplasty, alteplase.
ABBREVIATIONS. CT, computed tomography (scan); MRI, magnetic resonance imaging.

P

ediatric stroke is an underrecognized, potentially treatable cause of childhood neurologic
disease. Acute ischemic stroke attributable to
occlusion of the basilar artery carries an extremely
poor prognosis1–3 and is rarely encountered in children.4,5 Although recanalization with thrombolytic
agents has substantially improved outcomes in
adults with brainstem stroke,6 – 8 mortality and morbidity rates remain high. Experience with thrombolytic agents in pediatric stroke is limited but has
potential utility similar to that observed in adults.9 –11
Mechanical recanalization therapies, such as balloon
angioplasty, are relatively new but show significant
promise in the treatment of acute stroke.12,13 Chemical thrombolysis and mechanical recanalization
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have been used in combination, although their order
of use has not been consistent.5,13 The use of cerebral
angioplasty is not widespread, particularly in children, and precise techniques remain to be defined.5
We report a case of childhood stroke attributable
to acute basilar artery thrombosis treated with intraarterial alteplase combined with balloon angioplasty.
CASE REPORT
A 15-year-old, right-handed male presented to a rural emergency department with a 24- to 36-hour history of diffuse headache and a 2-hour history of left arm weakness. Family history
was negative. He was previously well with no history of trauma or
neck manipulation. Physical examination revealed only mild
weakness of the left arm. A computed tomography (CT) scan of
the head was performed at the peripheral center and interpreted
as normal. The tertiary care pediatric neurologist was consulted
and transport to the pediatric tertiary care center (a distance of 300
km) was arranged.
Because of combined delays in initial diagnosis, referral, and
transport, the patient was first seen at the tertiary center nearly 17
hours later. Examination demonstrated a decreased level of consciousness to a stuporous state, bilateral supranuclear bulbar
palsy, dense left hemiplegia, and right hemiparesis. A clinical
diagnosis of acute brainstem ischemia was suspected.
Magnetic resonance imaging (MRI) of the brain demonstrated
bilateral pontomedullary ischemia. Magnetic resonance angiography and subsequent cerebral angiography demonstrated a large
basilar artery thrombosis extending from the midbasilar artery to
the level of the superior cerebellar arteries with complete occlusion (Fig 1). Reexamination revealed progression to a locked-in
state (bilateral hemiparesis, minimal bulbar function except eye
movements, retained consciousness). After obtaining informed
consent from the parents, intra-arterial alteplase was given via
pulse-spray technique (0.1 mg/kg per dose) and flow slightly
improved. Mechanical thrombus disruption using microguidewire manipulation, an Attracter-18 coil retriever (Target Therapeutics, Fremont, CA), and a Retriever-18 endovascular snare
(Target Therapeutics) produced only a modest additional improvement in blood flow. Two sequential sessions of balloon
angioplasty of the midbasilar thrombus were then performed with
a Sentry 3.5-mm ⫻ 15-mm balloon (Boston Scientific Target, Fremont, CA) resulting in marked improvement in basilar artery
patency (Fig 2A and B). Migration of tiny nonocclusive emboli into
the superior cerebellar artery distribution was noted after angioplasty. A total of 7000 units of intravenous unfractionated heparin
was given at interspersed segments during the case. Time from
initial presentation to the rural emergency department to restored
flow was nearly 20 hours, and as long as 60 hours had elapsed
from the initial symptom of headache.
The patient was locked-in for 24 hours, but made dramatic
clinical improvements over the first week. By 4 weeks, he was
running in the gym. At 6 months, the only deficit was mild
incoordination of fine motor movements in the left hand. MRI at
6 months demonstrated sequelae of his pontine ischemia (Fig 2C).
At 12 months, his neurologic examination was normal. The mechanism of stroke remains cryptogenic.
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Fig 1. Initial imaging. A, Diffusion-weighted MRI demonstrates bilateral pontine ischemia. B and C, angiography demonstrates
midbasilar occlusion with filling of the top-of-the-basilar from the anterior circulation.

Fig 2. Follow-up imaging. A and B, Angiography at the end of the endovascular procedure demonstrates persistent stenosis of the basilar
artery but excellent anterograde filling. C, Follow-up T1-weighted axial MR scan shows infarcted regions as cystic encephalomalacia.

DISCUSSION
Arterial Ischemic Stroke in Children

Stroke is an underrecognized, potentially treatable
cause of neurologic disease in children. Cerebrovascular disorders are among the top 10 causes of death
in children.14 Current estimates of incidence are 2 to
13 per 100 000 children,14 –17 a rate comparable to that
of pediatric central nervous system malignancy. A
large Canadian center diagnosed ⬎150 new cases of
pediatric stroke in the year 2000 (personal communication, G. deVeber, January 2003). Morbidity from
pediatric stroke is substantial. At least 50% of children are left with significant neurologic deficits or
epilepsy18,19 and mortality ranges from 7% to
28%.5,20,21 These poor outcomes are compounded by
a high recurrence rate, estimated at 20% to
33%.14,22,23 Both outcome and recurrence risk depend
on the underlying cause, of which there are many in
children.18,24,25
Basilar artery stroke is uncommon in children but
likely carries a similarly dismal prognosis to that of
adults. In adults, mortality rates of 75% to 90% (with
major morbidity in most survivors) improve to
⬃50% with intervention.3,7,26 Case reports of basilar
artery stroke in children are few14,27–30 and a cause
for most is never found. However, association with

prothrombotic diseases,31 anabolic steroid use,32 inflammatory vasculitis,33 spontaneous dissection,34
and neonatal thromboembolism35 have been reported. A recent report emphasized that factors common to pediatric posterior circulation stroke were
male gender and vertebral artery dissection.23
Acute Intervention in Pediatric Stroke

Acute interventions to restore cerebral blood flow
improve outcome and are now a reality in the management of adult stroke.36 Current evidence suggests
that alteplase is the best agent for intravenous use
when given within the first 3 hours of stroke onset.
Use of intravenous alteplase in the 3- to 6-hour time
window after stroke is more controversial. Alteplase
may be the thrombolytic agent of choice in children.
Its potential benefits compared with other agents
include evidence of increased thrombolysis in vitro,
decreased immunogenicity, higher fibrin selectivity,
and better side effect profile.37,38 Based on this indirect evidence, alteplase was chosen for this case and
the dose of 0.1 mg/kg was based on the few documented cases of alteplase use in children.9 –11 Intraarterial, rather than systemic intravenous, administration was performed because of the perceived
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increase in safety of this method when ischemia has
been prolonged.
The risk of intracerebral hemorrhage as a complication of alteplase use in pediatric stroke is unknown. A recent review of the literature discloses 70
cases of intra-arterial alteplase administration in children where complete or partial thrombolysis was
achieved in 70% of cases with major bleeding in
11%.38 In children receiving thrombolytic treatments
for noncerebral thrombosis, the incidence of intracranial hemorrhage has been estimated at 1% to 2%, and
is likely well below 1% outside the neonatal period.39
These figures are consistent with those observed in
adults undergoing systemic thrombolysis for acute
myocardial infarction.40
Late/Delayed Intervention

A remarkable feature of our case is the dramatic
improvement obtained after intervention after such
prolonged brainstem ischemia. Although time is paramount in stroke thrombolysis,41 including vertebrobasilar stroke,42 multiple cases of successful “late”
interventions in arterial stroke have been documented, including good outcomes with intervention
up to 80 hours after symptom onset7,26,43 Such late
interventions may be undertaken more often in
brainstem, rather than hemispheric, strokes because
of the poorer prognosis associated with brainstem
stroke. One other pediatric case report has documented complete neurologic recovery following recanalization after brainstem ischemia of at least 24 to
36 hours’ duration.5 The precise location of the
thrombus, extent of collateral flow, and the greater
plasticity of the nervous system at a younger age are
likely important factors in prognosis.
Percutaneous Transluminal Cerebral Angioplasty for
Stroke

Angioplasty of the vertebrobasilar circulation has
been described infrequently for over 20 years.44 – 49
Complication rates are estimated to be substantial
and may stem from vessel rupture, thromboembolic
events, or damage to small perforators and subsequent infarction.45,47,48 It is only because the prognosis of basilar occlusion is so grave that these risks can
be both tolerated and ethically justified. Our study
documents the sequential use of chemical, followed
by mechanical means of recanalization of the basilar
artery. Only a few cases have been reported using
this particular combination of therapies in vertebrobasilar stroke,50,51 and, to our knowledge, this report
is the first to do so in children. Only one other similar
pediatric case report was found where the order of
interventions was reversed with chemical thrombolysis after angioplasty.5
Our report highlights the dramatic and successful
treatment of an adolescent with acute posterior circulation stroke using a novel combined chemical and
mechanical approach to revascularization. Further
discussion on the early recognition and potential
treatment of acute ischemic stroke in children is warranted.
e250
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Sträter R, Becker S, von Eckardstein A, et al. Prospective assessment of
risk factors for recurrent stroke during childhood—a 5-year follow-up
study. Lancet. 2002;360:1540 –1545
Cross DT, Moran CJ, Akins PT, Angtuaco EE, Diringer MN. Relationship between clot location and outcome after basilar artery thrombolysis. AJNR Am J Neuroradiol. 1997;18:1221–1228
Jain S, Maheshwari M, Tandon P, Goulatia. Idiopathic basilar artery
occlusion in childhood [case report]. Stroke. 1984;15:563–565
Mori K, Miwa S, Murata T et al. Basilar artery occlusion in childhood:
report of a case. Arch Neurol. 1979;36:100 –102
Ackerman ES, Levinsohn MW, Richards D, et al. Basilar artery occlusion
in a 10-year-old boy. Ann Neurol. 1977;1:204 –205
Mares R, Pou A, Nolla J, et al. Occlusion of the basilar artery in a
7-year-old boy. J Neurol Neurosurg Psychiatry. 1987;50:494 – 495
Verdu A, Cazorla M, Granados M, et al. Basilar artery thrombosis in a
child heterozygous for factor V Leiden mutation. Pediatr Neurol. 2001;
24:69 –71
Palfi S, Ungurean A, Vecsei L. Basilar artery occlusion associated with
anabolic steroid abuse in a 17-year-old bodybuilder. Eur Neurol. 1997;
37:190 –191
Marsden HB. Basilar artery thrombosis and giant cell arteritis. Arch Dis
Child. 1974;49:75
Nakatomi H, Nagata K, Kawamoto S, Furusho J. Basilar artery occlusion
due to spontaneous basilar artery dissection in a child. Acta Neurochir.
1999;141:99 –104
Bodensteiner JB, Reitter BF, Sheth RD. Basilar artery occlusion and the
dense artery sign in the newborn. Clin Pediatr. 1998;37:551–554

36. NINDS rt-TPA Stroke Study Group. Tissue plasminogen activator for
acute ischemic stroke. N Engl J Med. 1995;333:1581–1587
37. Andrew M, Brooker L, Leaker M, Paes B, Weitz J. Fibrin clot lysis by
thrombolytic agents is impaired in newborns due to a low plasminogen
concentration. Thromb Haemost. 1992;68:325–330
38. Monagle P, Michelson AD, Bovill E, Andrew M. Antithrombotic therapy in children. Chest. 2001;19(suppl):344S–370S
39. Zenz W, Muntean W, Zobel G, Grubbauer HM, Gallistl S. Treatment of
fulminant meningococcemia with recombinant tissue plasminogen activator. Thromb Haemost. 1995;74:802– 803
40. The GUSTO Investigators. An international randomized trial comparing four thrombolytic strategies for acute myocardial infarction. N Engl
J Med. 1993;329:673– 682
41. Marler JR, Tilley BC, Lu M, et al. Early stroke treatment associated with
better outcome: the NINDS rt-PA stroke study. Neurology. 2000;55:
1649 –1655
42. Eckert B, Koch C, Thomalla G, Roether J, Zeumer H. Acute basilar artery
occlusion treated with combined intravenous abciximab and intraarterial tissue plasminogen activator: report of three cases. Stroke. 2002;
33:1424 –1427
43. Stapf C, Marshall R, Mohr JP et al. Late intra-arterial thrombolysis. Eur
J Med Res. 2000;5:303–306
44. Sundt TM, Smith HC, Campbell JK, et al. Transluminal angioplasty for
basilar artery stenosis. Mayo Clin Proc. 1980;55:673– 680
45. Higashida RT, Hieshima GB, Tsai FY, et al. Transluminal angioplasty of
the vertebral and basilar artery. AJNR Am J Neuroradiol. 1987;8:745–749
46. Ahuja A, Guterman LR, Hopkins LH. Angioplasty for basilar atherosclerosis. J Neurosurg. 1992;77:942–944
47. Higashida RT, Tsai FY, Halbach VV, et al. Transluminal angioplasty of
the vertebral and basilar artery. AJNR Am J Neuroradiol. 8:745–749
48. Terada T, Higashida RT, Halbach VV, et al. Transluminal angioplasty
for arteriosclerotic disease of the distal vertebral and basilar arteries.
J Neurol Neurosurg Psychiatry. 1996;60:377–381
49. Qureshi AI, Siddiqui AM, Suri MF, et al. Aggressive mechanical clot
disruption and low-dose intra-arterial third-generation thrombolytic
agent for ischemic stroke: a prospective study. Neurosurgery. 2002;51:
1319 –1329
50. Nakano S, Yokogami K, Yamada R, Goya T, Wakisaka S. Acute thrombolytic therapy and subsequent angioplasty for atherosclerotic stenosis
of the basilar artery— case report. Neurol Med Chir (Tokyo). 1995;35:
674 – 677
51. Terada T, Yokote H, Tsuura M, et al. Tissue plasminogen activator
thrombolysis and transluminal angioplasty in the treatment of basilar
artery thrombosis— case report. Surg Neurol. 1994;41:358 –361

Downloaded from www.aappublications.org/news by guest on September 23, 2019

http://www.pediatrics.org/cgi/content/full/112/3/e248

e251

Successful Endovascular Therapy for Acute Basilar Thrombosis in an Adolescent
Adam Kirton, John H. Wong, Jean Mah, B. Catherine Ross, James Kennedy, Katherine
Bell and Michael D. Hill
Pediatrics 2003;112;e248
DOI: 10.1542/peds.112.3.e248

Updated Information &
Services

including high resolution figures, can be found at:
http://pediatrics.aappublications.org/content/112/3/e248

References

This article cites 50 articles, 16 of which you can access for free at:
http://pediatrics.aappublications.org/content/112/3/e248#BIBL

Subspecialty Collections

This article, along with others on similar topics, appears in the following
collection(s):
Cardiology
http://www.aappublications.org/cgi/collection/cardiology_sub

Permissions & Licensing

Information about reproducing this article in parts (figures, tables) or in
its entirety can be found online at:
http://www.aappublications.org/site/misc/Permissions.xhtml

Reprints

Information about ordering reprints can be found online:
http://www.aappublications.org/site/misc/reprints.xhtml

Downloaded from www.aappublications.org/news by guest on September 23, 2019

Successful Endovascular Therapy for Acute Basilar Thrombosis in an Adolescent
Adam Kirton, John H. Wong, Jean Mah, B. Catherine Ross, James Kennedy, Katherine
Bell and Michael D. Hill
Pediatrics 2003;112;e248
DOI: 10.1542/peds.112.3.e248

The online version of this article, along with updated information and services, is located
on the World Wide Web at:
http://pediatrics.aappublications.org/content/112/3/e248

Pediatrics is the official journal of the American Academy of Pediatrics. A monthly publication, it has
been published continuously since 1948. Pediatrics is owned, published, and trademarked by the
American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk Grove Village, Illinois, 60007.
Copyright © 2003 by the American Academy of Pediatrics. All rights reserved. Print ISSN:
1073-0397.

Downloaded from www.aappublications.org/news by guest on September 23, 2019

