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Kawasaki disease (KD) is a systemic vasculitis in infants and young children. However, its natural history
has not been fully elucidated because the first case was reported in the late 1960s and patients who
have recovered are just now entering middle age. Nevertheless, much evidence has raised concerns
regarding the subclinical vascular changes that occur in post-KD patients. KD research has focused
on coronary artery aneurysms because they are directly associated with fatality. However, aneurysms
have been reported in other extracardiac muscular arteries and their fate seems to resemble that of
coronary artery aneurysms. Arterial strokes in KD cases are rarely reported. Asymptomatic ischemic
lesions were observed in a prospective study of brain vascular lesions in KD patients with coronary
artery aneurysms. The findings of a study of single-photon emission computed tomography suggested
that asymptomatic cerebral vasculitis is more common than we believed. Some authors assumed
that the need to consider the possibility of brain vascular lesions in severe cases of KD regardless
of presence or absence of neurological symptoms. These findings suggest that KD is related with
cerebrovascular lesions in children and young adults. Considering the fatal consequences of cerebral
vascular involvement in KD patients, increased attention is required. Here we review our understanding
of brain vascular involvement in KD.
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Why do we focus on cerebral vascular involvement in KD?

Kawasaki disease (KD) is a self-limiting systemic vasculitis that occurs in infants and
young children that preferentially involves medium-sized muscular arteries, particularly
the coronary arteries.” Coronary artery aneurysm, the most severe complication of KD,
develops in 15%-25% of untreated patients and may lead to lethal manifestations including
myocardial ischemia, infarction, and sudden death.? Since the introduction of intravenous
immunoglobulin (IVIG) therapy, the risk of coronary artery aneurysm has remarkably
decreased, but it still occurs in 4%-6% of patients.” KD is among the leading causes of
acquired heart disease in developed countries.” However, research focuses on the coronary
artery because coronary arterial lesions are directly associated with fatality. However, KD is
a systemic vascular disease. Aneurysms have been reported in other extracardiac muscular
arteries such as the celiac, mesenteric, femoral, iliac, renal, and branchial.” Extracardiac artery
aneurysms reportedly occur in younger infants and those with severe acute vasculitis. The
fate of extracardiac artery aneurysms resembles that of coronary artery aneurysms. Larger
extracardiac artery aneurysms seem to cause stenotic lesions in the late period.” Arterial
strokes are very rarely reported in KD.” Based on these findings, some authors suggested
that noninvasive imaging modalities to confirm extracardiac artery aneurysms should be
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performed in severe cases of KD with coronary aneurysms.” Atten-
tion to cerebral vascular involvement in KD patients is also needed
considering its fatal consequences. Autopsy cases showed endo-
arteritis and periarteritis in the parenchymal and pial arteries despite
such lesions being less extensive than those seen in other areas such
as the coronary and iliac arteries.” However, until now, there has
been little interest in cerebral vasculitis, which may lead to stroke
in KD patients. Since KD was first recognized in the late-1960s,
patients who have recovered will now be middle-aged or younger.
Therefore, the follow-up of these patients has been insufficient to
reveal the disease’s natural history.” This report aims to review brain
vascular involvement in KD focusing on cerebral vasculitis. Here we
summarize case reports of arterial strokes, discuss the evidence of
cerebral vasculitis, and suggest future research directions.

Review of arterial stroke in KD patients

1. Ischemic stroke

To our knowledge, only 16 cases of cerebral ischemic stroke
have been reported in pediatric patients with KD. In the literature,
cerebral infarction onset associated with KD ranges from 3 days to 4
months.” Most cases developed during the acute to subacute phase
of KD.” Among them, we summarize only those studies published
in English (Table 1).*'” However, too few cases were reported to
identify the clinical predictors of stroke in KD patients. Nevertheless,
a prolonged fever or severe KD presentation seems to be noteworthy
in connection with ischemic stroke. All patients but one suffered
from a fever lasting more than a week (median 10.5 days). In some
patients, a devastating course developed. This analysis shows
that we must monitor for cerebrovascular involvement as well as
cardiovascular complications in KD patients with prolonged fever or
severe progression.

Several potential mechanisms may explain the occurrence of
stroke in KD. In most cases, cerebral infarction occurred in the
middle cerebral artery (MCA) territory in KD patients. Most cases
of MCA territory infarction have been attributed to cardiogenic
embolism, internal carotid artery occlusion, or internal carotid
artery dissection.’” Embolism induced by myocardial infarct
likely provokes the cerebral infarction in the course of KD.”” IVIG-
associated thrombosis also has been suggested as a cause of stroke
in KD." Complete occlusion of the internal carotid artery was
reported in an 18-month-old girl 10 days after the onset of fever
and the day after she received IVIG.” Thrombotic complication is
one of the well-known complications of immunoglobulin therapy.
2 [VIG-associated thrombosis may be related with an increased
blood viscosity, procoagulant activity of immunoglobulin itself,
and immunoglobulin-induced arterial vasospasm.” The authors
of this case suggested evaluating hydration status before IVIG
treatment.” A 30-month-old girl with hemiplegia showed ongoing
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inflammatory processes of the cerebral vessels as the cause of her
stroke and no abnormal findings of magnetic resonance angio-
graphy (MRA)." However, in this patient, stroke occurred shortly
after aspirin therapy was stopped.'® Therefore, in addition to vas-
cular inflammation, acquired thrombophilia related to inflammatory
syndrome with hyperthrombocytosis might have been a mechanism
of stroke in this patient."

An arteritic complication was also suggested as a possible
mechanism of stroke in a male infant with cerebral infarct because
complete occlusion of the MCA and systemic aneurysms (includ-
ing coronary aneurysm) were noticed simultaneously.”” In this
patient, stroke occurred 45 days after KD symptom onset and
he was not treated with IVIG.” This case suggested that cerebral
infarction involving large-sized blood vessels might be associated
with arterial occlusion resulting from a nonspecific inflammation
burst and prothrombotic inflammatory state of the large vessels.'”
Cerebral vasculitis affecting medium- and small-sized vessels
has been suggested as a cause of stroke in KD." A 4-year-old fe-
male patient presented with rapidly catastrophic KD in which
tetraplegia developed 15 days after KD onset."” Multiple supra- and
infratentorial microhemorrhages were observed, but neuroimaging
revealed normal arteries of the circle of Willis.'” Based on these
findings, the authors suggested diffuse brain vasculitis as a cause of
ischemic damage in this patient."”

2. Hemorrhagic stroke

Only 5 cases have been reported to date on hemorrhagic stroke as
a possible complication of KD.”*”® Among them, we summarize 3
cases were published in English (Table 2).**? All 3 cases were caused
by aneurysm rupture that occurred from 7 months to a decade after
KD onset.”** Aneurysm rupture appears a more long-term compli-
cation of KD compared with ischemic stroke. Among the 3 cases, a
saccular aneurysm at the bifurcation of the major arteries in 2 cases
and a stalk-like aneurysm located at the trunk of the major artery in
1 case.”” Histopathologic findings of a 12-year-old male patient
seemed to mimic the acute inflammatory changes observed in the
coronary arteries in KD because of hypertrophy and invasion of the
inflammatory cells resulting in endothelial wall thickness.” This
patient had KD at 3 years of age and had a stroke 9 years later.”” On
the other hand, there was only mild invasion of inflammatory cells
but complete absence of the elastic lamina in a 20-year-old man.””
The authors suggested that all the vasculitis changes during infancy
completely destroy elastic lamina and tunica intima which caused
the aneurysmal formation.” The pathological findings of the 2 cases
suggested that inflammation of cerebral arteries might be associated
with aneurysm formation in KD.”**® Although it is difficult to draw
any conclusions from the 2 cases, these findings show why attention
must be paid to inflammation of the cerebral vessels in KD.
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Table 1. Literature review of studies of ischemic stroke associated with Kawasaki disease (English publications only)

Clinical findings

Stroke onset”/

Lesions brain/

3)
Study Sexfage before stroke associated symptoms coronary artery & others KD treatment Stroke treatment
Hosaki et al. M/4 mo ? 45 Days/hemiplegia Occlusion of the right MCA/ Corticosteroid & antibiotics ~ Anticoagulant
(1978)° aneurysms of coronary ar-
tery & brachial artery
Laxer et al. F/26 mo Fever 10 days+5/5 18 Days/desquamation of Occlusion of the right MCA/?  Corticosteroid & antibiotics ?
(1984)" features of KD”: sei-  fingers & toes, hemiple-
zures with fever gia
Lapointe M/4 mo Fever 21 days+4/5 45 Days/focal motor sei- Occlusion of the right MCA/ Corticosteroid, antibiotics, ?
(1984)* features of KD; diar-  zures, mental changes,  right common carotid artery  azathioprine
hea hemiplegia, bilateral pul-  complete occlusion
sation mass at groin &
axilla
Templeton ?/6 mo  Fever 3 wk+? 26 Days/2nd febrile illness, Occlusion of the right MCA/ ? Died one day after
and Dunne desquamation, focal mo-  aneurysms of coronary stroke
1987)" tor seizures, hemiparesis  artery & left internal iliac
arteries
Suda et al. M/8 mo  Fever 20 days+4/5 20 Days/fever persisted, Occlusion of the left MCA/ IVIG & aspirin when diagnos- Intracoronary thro-
(2003)" features of KD hemiplegia aneurysms of coronary ed with stroke mbolysis & anti-
artery coagulant (hepa-
rin)
Wada et al. M/3yr  Fever >6 days+4/5 10 Days/hemiplegia Occlusion of the left MCA/ IVIG (1 g/kg for 2 days) & ?
(2006)" features of KD none aspirin, 6th day of illness
Fujiwaraetal.  M/22 mo Fever 59 days+5/5 59 Days/stroke proven only Occlusion of the left MCA/ IVIG (250 mg/kg for 5 days) Anticoagulant
(1992)" features of KD; mild ~ in images without neu-  aneurysms of coronary, axil- & aspirin, 6th day of illness;
liver dysfunction;  rological symptoms lary, & internal iliac arteries ~ DIC treatment
DIC (13rd—20th day
of illness)
Muneuchi etal. M/4yr  Fever 11 days+5/5 21 Days/stroke proven Right PICA stenosis/left coro- Aspirin, 3rd day of illness; Anticoagulant (war-
(2006)" features of KD only in images without  nary artery dilatation IVIG (totally 6 g/kg), 5th  farin)
neurological symptom day of illness; methylpre-
dnisolone pulse therapy
with heparin (11th day of
illness)
Gitiaux et al. F/4 yr Fever >12 days+5/5 15 Days (after sedation Diffuse ischemic damage IVIG (2 g/kg) & aspirin, 6th Immunosuppressive
(2012)"? features of KD; mul-  cessation)/deteriorated  with microhemorrhage (va-  day of illness; corticosteroid  therapy
tiorgan failure with ~ consciousness, tetraple-  sculitis)/none (10 mg/kg for 4 days), 8th
shock (9th day of  gia, ophthalmoplegia, day of illness; inotropes
illness) loss of visual reactivity
Tassinarietal. F/31 mo Fever 9 days+5/5 120 Days (after aspirin Ischemic lesion of right len- IVIG (2 g/kg) & aspirin, 7th Aspirin
(2013)1° features of KD withdrawal)/irritability &  ticular nucleus & corona  day of illness
inconsolable crying, he-  radiate. But normal MRA/
miplegia, and facial palsy ~ none
Sabatieretal.  F/18 mo Fever 10 days+5/5 11 Days (the day after IVIG Occlusion of the left MCA/ IVIG (2 g/kg) & aspirin, 10th Anticoagulant (enox-
(2013)° features of KD administration)/hemiple-  right common carotid artery ~ day of iliness aparin & aspirin)
gia, left ptosis complete occlusion
Prangwatanagul M/15 mo Fever 4 days+4/5 5 Days (just after fever Occlusion of the right MCA/ Antibiotics & acyclovir ?
and Limsuwan features of KD subsided)/hemiplegia,  coronary artery aneurysm
(2017)" facial palsy, periungual
desquamation
Nikkhah M/4yr  Fever 8 days+2/5 3 Days/hemiplegia, facial Occlusion of the left MCA/ IVIG (2 g/kg) & aspirin, 6th ?
(2018)"® features of KD palsy, aphagia bright spot on right coro-  day of illness

nary artery

KD, Kawasaki disease; MCA, middle cerebral artery; PICA, posterior inferior cerebellar artery; IVIG, intravenous immunoglobulin; DIC, disseminated intravascular
coagulation; MRA, magnetic resonance angiography; ?, unknown.
JAge at KD diagnosis. "Stroke after KD symptoms onset. “Five principal clinical features: bilateral non-purulent conjunctivitis, oral mucosal changes such as
strawberry tongue and cracked lips, peripheral extremity changes, rash, and cervical lymphadenopathy >1.5 cm.
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Table 2. Literature review of studies of hemorrhagic stroke associated with Kawasaki disease (English publications only)

Age of  Symptoms . Onset of ) . Fever Stroke
Study Sex KD of stroke Lesion stroke? Other arterial lesion duration KD treatment treatment
Tanakaetal. M 3yr Headache Meningeal hemorrhage by rupture of left 9 yr Right PCA, right posterior 3 Days Unknown Surgery
(2007)* PCA aneurysm communicating artery
Ahn et al. M 6 mo Seizure Intracerebral & meningeal hemorrhage 7 mo None 5 Days IVIG & aspirin ~ Surgery
(2010)* by rupture of left middle cerebral artery
aneurysm
Ishidaetal. M Unknown Headache Intracerebral and meningeal hemorrhage Unknown Unknown Unknown  Unknown Surgery
(2014)® by rupture of right middle cerebral

artery aneurysm

KD, Kawasaki disease; MCA, middle cerebral artery; PCA, posterior cerebral artery; IVIG, intravenous immunoglobulin; MRA, magnetic resonance angiography.

¥Stroke after KD symptom onset.

Asymptomatic cerebral vasculitis may be more
common than expected

To discuss this issue, we must review a prospective systematic
review of KD patients with coronary artery lesions.'” Muneuchi et
al." prospectively evaluated brain lesions using magnetic resonance
imaging (MRI) and MRA in 24 patients with coronary artery lesions
at 0.1-21.2 years after the onset of KD. The median age at KD
onset was 1.2 years, and no patients had significant neurological
symptoms or signs.'” Of 24 patients, approximately half (11 of 24)
had a giant aneurysm in the coronary artery, while 17 (70%) were
treated with aspirin and IVIG. An ischemic lesion was observed in
one of 24 patients (4%) on brain images."” MRI on the 21st day of
the illness revealed an ischemic lesion on the cerebellum with severe
stenosis of the right posterior inferior cerebellar artery in a 4-year-
old boy."” He was unresponsive to 2 trials of IVIG and had a giant
aneurysm. Interestingly, he had no obvious neurological symptoms
or signs throughout the KD course.' The authors assumed the need
to consider the possibility of brain vascular lesions in severe cases of
KD with or without neurological symptoms.'” Considering the long-
term consequences of cerebrovascular lesions, the incidence of 4%
seen in this study is not low.

We then considered the brain vascular involvement in patients
without coronary artery lesion. No coronary artery lesion has been
reported in some patients with ischemic stroke.*"” A study of single-
photon emission computed tomography (SPECT) by Ichiyama et
al.” might answer this question. To investigate brain perfusion in the
acute stage of KD, they performed SPECT in 21 children with acute
stage KD and performed follow-up SPECT and MRI about 1 month
after the first SPECT.”” SPECT imaging demonstrated localized
cerebral hypoperfusion in 6 of 21 children (28.6%), but none had
any abnormal neurological symptoms or signs.” No coronary le-
sions were reported in any of these 6 patients.” The maximum
C-reactive protein level or fever duration was not related with
SPECT abnormalities.” The follow-up SPECT and MRI performed
1 month after the first SPECT revealed no abnormalities.”” SPECT
has been used as a diagnostic tool for cerebral vasculitis.”” Vasculitic
central nervous system (CNS) involvement has been seen with

30)

hypoperfusion in SPECT.”™ Based on these findings, Ichiyama et
al.”” suggested that cerebral vasculitis might have been caused
by transient localized cerebral hypoperfusion observed on SPECT
in patients of this study. The interesting findings of this study are
that approximately 30% of patients showed evidence of cerebral
vasculitis without coronary lesions and neurological signs.”” The
2 studies mentioned above'*”” suggested that asymptomatic
involvement of the cerebral vessels or cerebral vasculitis may be
more common than expected. Thus, should all KD patients be
subjected to further neurological evaluations? There is insufficient
data to answer this. However, considering the fact that clinically
significant neurological complications are very rare, additional
neurological examinations or tests may not be necessary in all KD
patients.

Cerebrospinal fluid study evaluating CNS inflamma:
tionin KD

From this perspective, we studied the intracranial inflammatory
response in patients with acute-phase KD with evaluating the
cerebrospinal fluid (CSF) cytokine levels.” We hypothesized
that the CSF levels of proinflammatory cytokines are elevated if
cerebral vasculitis accompanies acute stage KD.”” Inflammatory
cytokines including tumor necrosis factor (TNF)-a and interleukin
(IL)-6 might play a critical role in the pathogenesis of KD*” and the
development of inflammation within the cerebral blood vessels.**””
These cytokines were secreted by infiltrated immune cells within
the vessels.*” Vascular changes such as endoarteritis, periarteritis,
and perivascular cuffing with mild lymphocytic infiltration have
been observed in some pial arteries in autopsy cases.” Pentraxin-3
(PTX3) is synthesized at the sites of vascular inflammation and
serves as a biomarker of vasculitis in many diseases.*” The whole-
blood transcript levels of PTX3-encoding genes and the extent of
KD vasculitis have been reported.”” PTX3 is capable of inducing
vascular endothelial dysfunction.” Based on these findings, we
hypothesized that elevated CSF levels of TNF-a, IL-6, and PTX3
may suggest CNS vascular involvement. To verify our hypothesis,

37)
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we measured the levels of the aforementioned mediators in patients
with KD and compared them to those of the febrile control groups.””
Contrary to our expectations, PTX3 and TNF-o were rarely detected
in KD patients, while the levels of IL-6 did not differ from those of
nonspecific viral illness.”” Our study seems to show that intracranial
inflammation including vasculitis might not be insignificant in
patients with KD.”” We found no evidence of intracranial inflam-
mation related with vascular involvement.

However, Korematsu et al.” reported that CSF IL-6, soluble
TNF-a receptor 1, and the IL-6 CSF/serum ratio were elevated in
patients with KD. They revealed that some patients with KD had
a higher degree of independent CNS inflammation.”® Thus, how
can we interpret these conflicting results? The major differences
between our study”” and that of Korematsu et al.® were onset age,
disease severity, and the presence of neurological symptoms. The
mean patient age in the study of Korematsu et al.”® was 2.6+2.1
years; all patients had mildly disturbed consciousness, while some
had a coronary aneurysm. In contrast, all patients in our study were
very young (median, 2.3 months), did not have coronary aneurysm,
and underwent lumbar puncture to find the febrile focus.>” Those
findings suggest that intracranial inflammation may be related with
coronary artery inflammation severity. To prove this issue, further
studies involving larger number of patients with a wide spectrum
are needed. The intracranial inflammation status is unknown in
most KD patients.

There is growing concern about the predisposition of KD pati-
ents to endothelial damage or cardiovascular disease in later life.
Some authors advise that individuals with a history of KD receive
cardiovascular counseling and make an effort to minimize tradi-
tional modifiable cardiovascular risk factors.” Stroke might be
a complication of KD. A few studies have suggested that asym-
ptomatic cerebral vasculitis might be more common than originally
thought.” Therefore, pediatricians should be aware of the possibility
of vascular involvement beyond the heart in KD, particularly in the
cerebral vessels.

Conflicts of interest

No potential conflict of interest relevant to this article was re-
ported.

References

1. Landing BH, Larson EJ. Pathological features of Kawasaki disease
(mucocutaneous lymph node syndrome). Am J Cardiovasc Pathol
1987;1:218-29.

2. Kato H, Sugimura T, Akagi T, Sato N, Hashino K, Maeno Y, et al.
Long-term consequences of Kawasaki disease. A 10- to 21-year
follow-up study of 594 patients. Circulation 1996;94:1379-85.

338 nttps://doi.org/10.3345/kjp.2019.00143

10.

12.

13.

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

. Newburger JW. Treatment of Kawasaki disease. Lancet 1996;347:

1128.

. Newburger JW, Takahashi M, Burns JC, Beiser AS, Chung KJ, Duffy

CE, et al. The treatment of Kawasaki syndrome with intravenous
gamma globulin. N Engl J Med 1986;315:341-7.

. Hoshino S, Tsuda E, Yamada O. Characteristics and fate of systemic

artery aneurysm after Kawasaki disease. J Pediatr 2015;167:108,12.
el-2.

. Sabatier I, Chabrier S, Brun A, Hees L, Cheylus A, Gollub R, et al.

Stroke by carotid artery complete occlusion in Kawasaki disease: Case
report and review of literature. Pediatr Neurol 2013;49:469-73.

. Amano S, Hazama F. Neutral involvement in Kawasaki disease. Acta

Pathol Jpn 1980;30:365-73.

. Dietz SM, Tacke CE, Gort J, Kuipers IM, de Groot E, Wiegman A, et al.

Carotid intima-media thickness in patients with a history of Kawasaki
disease. Circ J 2015;79:2682-7.

. Hosaki J, Abe S, Shoback BR, Yoshimatu A, Migita T. Mucocutaneous

lymph node syndrome with various arterial lesions. Helv Paediatr
Acta 1978;33:127-33.

Laxer RM, Dunn HG, Flodmark O. Acute hemiplegia in Kawasaki
disease and infantile polyarteritis nodosa. Dev Med Child Neurol
1984;26:814-8.

. Templeton PA, Dunne MG. Kawasaki syndrome: cerebral and cardio-

vascular complications. J Clin Ultrasound 1987;15:483-5.

Suda K, Matsumura M, Ohta S. Kawasaki disease complicated by
cerebral infarction. Cardiol Young 2003;13:103-5.

Wada Y, Kamei A, Fujii Y, Ishikawa K, Chida S. Cerebral infarction
after high-dose intravenous immunoglobulin therapy for Kawasaki
disease. J Pediatr 2006;148:399-400.

. Fujiwara S, Yamano T, Hattori M, Fujiseki Y, Shimada M. Asympto-

matic cerebral infarction in Kawasaki disease. Pediatrc Neurol 1992;
8:235-6.

Muneuchi J, Kusuhara K, Kanaya Y, Ohno T, Furuno K, Kira R, et al.
Magnetic resonance studies of brain lesions in patients with Kawasaki
disease. Brain Dev 2006;28:30-3.

Tassinari D, Maretti M, Balsamo C, Bergamsschi R, Carfagnini F, Fabi
M, et al. Acute hemiplegia and facial palsy 4-months after acute
Kawasaki disease in a 31-month old girl. JSM Clin Case Rep 2014;2:
1017.

. Prangwatanagul W, Limsuwan A. Ischemic stroke in Kawasaki

disease. Pediatr Int 2017;59:92-6.

Nikkhah A. Atypical Kawasaki disease presenting with hemiparesis
and aphasia: a case report. Iran J Med Sci 2018;43:86-9.

Gitiaux C, Kossorotoff M, Bergounioux J, Adjadj E, Lesage F, Boddaert
N, et al. Cerebral vasculitis in severe Kawasaki disease: early detection
by magnetic resonance imaging and good outcome after intensive
treatment. Dev Med Child Neurol 2012;54:1160-3.

Heinsius T, Bogousslavsky J, Van Melle G. Large infarcts in the middle
cerebral artery territory. Etiology and outcome patterns. Neurology
1998;50:341-50.

Boespflug O, Tardieu M, Losay J, Leroy D. Acute hemiplegia com-
plicating Kawasaki disease. Rev Neurol (Paris) 1984;140:507-9.

Guo Y, Tian X, Wang X, Xiao Z. Adverse effects of immunoglobulin
therapy. Front Immunol 2018;9:1299.

Lapointe JS, Nugent RA, Graeb DA, Robertson WD. Cerebral infarc-
tion and regression of widespread aneurysms in Kawasaki’s disease:
case report. Pediatr Radiol 1984;14:1-5.

Tanaka S, Sagiuchi T, Kobayashi I. Ruptured pediatric posterior
cerebral artery aneurysm 9 years after the onset of Kawasaki disease:
a case report. Childs Nerv Syst 2007;23:701-6.

Ahn JH, Phi JH, Kang HS, Wang KC, Cho BK, Lee JY, et al. A ruptured
middle cerebral artery aneurysm in a 13-month-old boy with Kawa-



26.

27.

28.

29.

30.

31.

32.

33.

saki disease. J Neurosurg Pediatr 2010;6:150-3.

Ishida A, Matsuo S, Kawamura S, Nishikawa T. Subarachnoid he-
morrhage due to nonbranching aneurysm of the middle cerebral ar-
tery in a young adult with a history of Kawasaki disease. Surg Neurol
Int 2014;5:5,7806.125285. eCollection 2014.

Du ZD, Wang Q, Liu XY. Intracranial hemorrhage in children in the
acute stage of Kawasaki disease. Zhonghua Er Ke Za Zhi 2005;43:
542-3.

Yamazaki-Nakashimada MA, Rivas-Larrauri F, Alcantara-Salinas A,
Hernandez-Bautista V, Rodriguez-Lozano AL. Brain hemorrhage in a
patient with Kawasaki disease. Rev Alerg Mex 2013;60:38-40.
Ichiyama T, Nishikawa M, Hayashi T, Koga M, Tashiro N, Furukawa S.
Cerebral hypoperfusion during acute Kawasaki disease. Stroke 1998;
29:1320-1.

Meusser S, Rubbert A, Manger B, Bock E, Platsch G, Feistel H, et al.
99m-tc-HMPAO-SPECT in diagnosis of early cerebral vasculitis.
Rheumatol Int 1996;16:37-42.

Yeom JS, Cho YH, Koo CM, Jun JS, Park JS, Park ES, et al. A pilot
study evaluating cerebral vasculitis in Kawasaki’s disease. Neuro-
pediatrics 2018;49:392-6.

Hirohata S, Tanimoto K, Ito K. Elevation of cerebrospinal fluid in-
terleukin-6 activity in patients with vasculitides and central nervous
system involvement. Clin Immunol Immunopathol 1993;66:225-9.
Salvarani C, Brown RD Jr, Calamia KT, Huston J 3rd, Meschia JF,
Giannini C, et al. Efficacy of tumor necrosis factor alpha blockade in

34.

35.

36.

37.

38.

39.

Korean J Pediatr 2019;62(9):334-339

primary central nervous system vasculitis resistant to immunosup-
pressive treatment. Arthritis Rheum 2008;59:291-6.

Takahashi K, Oharaseki T, Yokouchi Y, Hiruta N, Naoe S. Kawasaki
disease as a systemic vasculitis in childhood. Ann Vasc Dis 2010;3:
173-81.

Fazzini F, Peri G, Doni A, Dell’Antonio G, Dal Cin E, Bozzolo E, et al.
PTX3 in small-vessel vasculitides: an independent indicator of disease
activity produced at sites of inflammation. Arthritis Rheum 2001;
44:2841-50.

Ogihara Y, Ogata S, Nomoto K, Ebato T, Sato K, Kokubo K, et al.
Transcriptional regulation by infliximab therapy in Kawasaki disease
patients with immunoglobulin resistance. Pediatr Res 2014;76:287-
93.

Carrizzo A, Lenzi P, Procaccini C, Damato A, Biagioni F, Ambrosio M,
et al. Pentraxin 3 induces vascular endothelial dysfunction through a
P-selectin/matrix metalloproteinase-1 pathway. Circulation 2015;
131:1495,505; discussion 1505.

Korematsu S, Uchiyama S, Miyahara H, Nagakura T, Okazaki N,
Kawano T, et al. The characterization of cerebrospinal fluid and serum
cytokines in patients with Kawasaki disease. Pediatr Infect Dis J 2007;
26:750-3.

Dietz SM, Tacke CE, de Groot E, Kuipers IM, Hutten BA, Kuijpers TW,
et al. Extracardial vasculopathy after Kawasaki disease: a long-term
follow-up study. J Am Heart Assoc 2016;5(7). pii: €003414. https://
doi.org/10.1161/JAHA.116.003414.

https://doi.org/10.3345/kjp.2019.00143 339



