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Purpose: Kawasaki disease (KD) is an acute, self-limited vasculitis of infants and children
that is now the most common cause of acquired heart disease in the pediatric age group in
the United States and Japan. Reports have documented the association of acute KD with
sensorineural hearing loss. To assess the prevalence of hearing loss following acute KD in
a geographically and ethnically diverse population, a prospective, multicenter study of
hearing loss in patients with KD was conducted.
Materials and Methods: Patients with acute KD were enrolled in 7 clinical centers and
underwent a primary audiologic evaluation within 30 days of the onset of fever. Patients were
subsequently reevaluated after resolution of the acute phase of the disease. A questionnaire
assessing risk factors for hearing loss was also administered.
Results: A total of 62 patients were evaluated during the 29-month study period. At the first
audiologic evaluation, 19 patients (30.6%) had sensorineural hearing loss, 6 patients (9.7%)
had conductive hearing loss, 17 patients (27.4%) had normal hearing, and 20 patients
(32.3%) had inconclusive studies. Overall, 2 of 36 patients (5.5%) had sensorineural hearing
loss documented on their second audiologic evaluation. No risk factors for hearing loss were
identified by the questionnaire.
Conclusions: Transient sensorineural hearing loss (20 to 35 dB) is a frequent complication
of acute KD and may be related to salicylate toxicity in some patients. Persistent sensori-
neural hearing loss is uncommon. Parents and primary care providers should be made
aware of the potential for persistent sensorineural hearing loss following resolution of KD,
but routine audiologic screening of this patient population does not appear to be warranted.
(Am J Otolaryngol 2001;22:343-348. Copyright © 2001 by W.B. Saunders Company)

Kawasaki disease (KD) is an acute systemic
vasculitis of children characterized by fever,
rash, conjunctival hyperemia, oropharyngeal
erythema, edema and erythema of the hands
and feet, and cervical adenopathy.1 A variety
of other features are also characteristic of this
syndrome, including coronary artery aneu-
rysms, aseptic meningitis, arthralgia and ar-
thritis, urethritis, anterior uveitis, mild hepato-
biliary dysfunction, and gallbladder hydrops.2

The course of KD may be divided into 3
clinical phases.3 The acute phase, which is
associated with fever, may last 1 to 3 weeks in
the absence of treatment, and is characterized
by clinical signs of inflammation. Coronary
arteritis is present at this time, and coronary
artery dilatation may occur. The subacute
phase begins after resolution of the fever and
lasts 1 to 3 weeks. The development of coro-
nary artery aneurysms and the risk of sudden
death are highest during this phase. During
the convalescent stage, the erythrocyte sedi-
mentation rate returns to normal, typically 6
to 8 weeks after fever onset.

Approximately 20% to 25% of untreated
patients with KD develop coronary artery ab-
normalities, including diffuse dilatation and
aneurysms.4 Treatment of patients within the
first 10 days of illness onset with 2 g/kg of
intravenous gamma globulin (IVIG) and high-
dose aspirin (ASA) at 80 to 100 mg/kg/d re-
duces the prevalence of coronary artery abnor-
malities to 2% to 4%.5 ASA is used at this
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high dose for its anti-inflammatory effects.
After the acute phase, the ASA dosage is re-
duced to 3 to 5 mg/kg for its antiplatelet effect.

Histopathologic features of vasculitis in-
volving medium-sized, extraparenchymal ar-
teries appear in the earliest phase of the dis-
ease and widely affect organ systems.6 Reports
from Japan and the United States have docu-
mented the association of sensorineural hearing
loss (SNHL) with acute KD.7-9 These reports
document 20 patients in whom hearing loss
ranged from mild and transient to profound
and permanent. In patients for whom an onset
of hearing loss could be ascertained, deficits
occurred in the second week of illness and
were associated, in some cases, with pro-
longed fever and seventh nerve palsy.

Although all of the previously reported pa-
tients were receiving ASA at variable dosages,
the pattern of the audiograms and the occur-
rence of unilateral hearing loss in some patients
were not consistent with salicylate toxicity.
Hypotheses regarding the pathophysiology of
the hearing loss in these patients included
autoimmune mechanisms, damage to the mi-
crovasculature of the inner ear, or cochlear
hydrops secondary to inflammation with al-
tered production or flow of endolymph.

To further characterize the nature and prev-
alence of SNHL in patients with acute KD, we
conducted a prospective multicenter study.
We examined risk factors for the development
of hearing loss and formulated recommenda-
tions for audiologic screening of patients after
acute KD.

METHODS

Patients

Patients were enrolled from February 1989
through June 1991. Cases of KD were defined ac-
cording to the standard clinical criteria (Table 1).
Eligible patients had fever plus 4 of 5 clinical
criteria, were treated with IVIG and ASA within 14
days after onset of fever, and had no previous
history of hearing loss.

Clinical Centers

Patients were enrolled from 7 clinical centers
across North America: University of Hawaii, Uni-
versity of Southern California, University of Cali-
fornia at San Diego, University of Colorado, North-

western University, University of Toronto, and
Tufts University.

Procedures

After parents gave informed consent, the first
audiologic assessment was scheduled within 30
days after the onset of fever. A second audiologic
assessment was attempted in all patients at least 10
days after the first evaluation. Patient hearing and
middle ear function were assessed by visual rein-
forcement, play audiometry, tympanometry, and
brainstem auditory evoked response (BAER) testing
in patients less than 1 year of age, or in patients for
whom the results of behavioral audiometry were
deemed unreliable. All audiologic assessments
were reviewed and classified by a single audiolo-
gist (R.E.N.). A questionnaire was administered to
all subjects; it documented pre and postnatal risk
factors for hearing loss.

Abnormal studies were defined as follows; au-
diogram pure tone thresholds greater than 15 dB,
tympanogram peak 4 amplitude or width outside
the established normal range, or an absent wave V
on BAER testing at stimulus levels less than or
equal to 20 dB.

Patients were classified as having probable con-
ductive hearing loss if they had an elevated pure
tone air conduction threshold with normal un-
masked bone conduction thresholds or elevated
soundfield thresholds with abnormal tympano-
grams. Patients were classified with probable
SNHL if they had elevated pure tone air conduc-
tion, soundfield, or BAER thresholds with normal
tympanograms or with abnormal unmasked bone
conduction thresholds.

Statistical Analysis

We compared the groups with and without
SNHL by using paired Student’s t-tests, two-tailed,
for comparison of means for continuous variables,
and �2 tests for dichotomous variables. Responses
to the questionnaire were compared between the
groups with and without hearing loss by analysis of
variance (ANOVA).

TABLE 1. Diagnostic Criteria for Kawasaki Disease

Fever �5 days
Bilateral conjunctival hyperemia
Changes of the mucous membranes of the upper
respiratory tract; injected pharynx; injected, fissured
lips; strawberry tongue

Changes of the peripheral extremities; edema and/or
erythema of hands and feet; periungual desquamation

Polymorphous rash
Cervical adenopathy �1.5 cm

NOTE. The diagnosis of KD is confirmed by the presence of
fever and 4 of the remaining 5 criteria and in the absence of
other known disease processes.

344 KNOTT ET AL



RESULTS

Over the 29-month study period, 82 eligible
subjects were enrolled. Of these 82 patients,
20 could not be scheduled for their first au-
diologic evaluation within 30 days after fever
onset, and were therefore excluded from the
study. The study sample of 62 patients in-
cluded 33 boys (53.2%), and the median age
of the study participants was 3.7 years (range
0.4 to 12.5 years).

On the first audiologic assessment of these
62 patients, 19 patients (30.6%) had SNHL, 6
patients (9.7%) had hearing loss associated
with middle ear dysfunction, and 17 patients
(27.4%) had normal hearing. Hearing evalua-
tion was inconclusive in 20 patients (32.3%)
because of suprathreshold screening proce-
dures or failure to obtain a BAER in patients
with unreliable behavioral testing (Table 2).

The pattern of hearing loss in patients with
abnormal audiograms on their first evaluation
was variable (Fig 1). To address the potential
role of ASA toxicity in the genesis of hearing

loss, we evaluated the exposure to high-dose
ASA in the 15 patients with binaural high
frequency, soundfield high frequency, and
binaural flat losses. Of 8 patients, 5 (62.5%)
with binaural or soundfield high frequency
loss, and all of 7 patients (100%) with binau-
ral flat losses, were exposed to high-dose ASA
at the time of their initial audiologic evalua-
tion. Thus, ASA toxicity alone could have
been the cause of hearing loss in 12 of these 15
patients (80.0%).

Follow-up audiologic evaluation was suc-
cessfully completed in 36 patients (56.4%), or
approximately half of each patient group; 12
of the 19 patients with SNHL (63.1%), 10 of
the 17 patients with normal hearing (58.8%),
3 of the 6 patients with a conductive hearing
loss (50.0%), and 11 of the 20 patients with
inconclusive first evaluations (55.0%) (see Ta-
ble 2). The second audiologic evaluation was
performed at a mean of 41.4 days after disease
onset (range 19 to 80 days) and at least 10 days
after the first evaluation. None of the patients
were on high-dose ASA at the time of the
second audiologic evaluation.

Of the 12 patients with SNHL on their first
evaluation who were restudied, 9 (75.0%) had
normal hearing on their second assessment,
1 (8.3%) had conductive hearing loss, 1 (8.3%)
had an inconclusive study, and 1 (8.3%)
showed persistent SNHL. This patient, a
7-year-old boy, had mild hearing loss docu-
mented on illness days 8 and 20 and was
subsequently lost to follow-up (Fig 2). A sec-
ond patient, a 1.75-year-old boy, had evidence
of conductive hearing loss on impedance au-
diometry on his first evaluation on illness day
6 and a 20- to 30-dB hearing loss on sound-
field testing. On his second evaluation on ill-
ness day 19, middle ear function was normal,

TABLE 2. Results of First and Second Audiologic Evaluations of 62 Patients with Acute Kawasaki Disease

First Evaluation Second Evaluation

Result
No. of

Patients (%) SNHL CHL Normal Inconclusive
Not

Studied

SNHL 19 (30.6) 1 1 9 1 7
CHL 6 (9.7) 1 0 2 0 3
Normal 17 (27.4) 0 0 10 0 7
Inconclusive 20 (32.3) 0 1 5 5 9
Total 62 (100.0) 2 2 26 6 26

Abbreviations: SNHL, sensorineural hearing loss; CHL, conductive hearing loss.

Fig 1. Patterns of SNHL on initial audiologic evalu-
ation of 19 patients with acute KD. (HF, high frequency;
LF, low frequency.)
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but a 25- to 30-dB hearing loss persisted (see
Fig 2).

Univariate analysis showed that groups
with and without hearing loss on their first
evaluation did not differ significantly with
respect to mean age at onset of KD (4.8 versus
4.1 years, P � .36), and illness day at first
audiologic evaluation (11.1 days versus 10.6
days, P � .72).

Patients with and without hearing loss were
classified with respect to treatment with high-
dose ASA at the time of initial audiologic
evaluation. Of 19 patients with SNHL, 16
(84.0%), and 8 of 17 with normal hearing
(47.0%), were exposed to high-dose ASA. The
relative risk of SNHL for patients on high-dose
ASA was 1.79, which did not reach statistical
significance (95% confidence interval 0.37-
8.5).

Parents of patients were interviewed with a

standard questionnaire that collected infor-
mation regarding prenatal history, family his-
tory, drug exposure, past medical history, and
otologic medical history. The group with
SNHL was compared with the remaining
study population for each of the variables by
ANOVA. No risk factors for SNHL were iden-
tified, although the small sample size limited
our power to detect a difference.

DISCUSSION

Reports from Japan and the United States
have previously documented 20 children with
SNHL of varying degrees after KD.7-9 A pro-
spective, multicenter study was warranted to
systematically investigate this phenomenon
and estimate the prevalence of SNHL associ-
ated with KD. Approximately one third of the
study population had some degree of SNHL

Fig 2. Audiograms of 2 patients with sensorineural hearing loss. (A) Pure tone thresholds in a 7-year-old boy
studied 8 and 20 days after onset of fever. Although the hearing loss shown on both studies was mild, the
persistence of a bilateral 20-dB loss at 8,000 Hz suggests that this result was not an artifact. (B) Soundfield testing
on a 1.75-year-old boy studied 6 and 19 days after onset of fever. (S, soundfield; O, unmasked right ear; X, unmasked
left ear.)
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documented on initial evaluation within 30
days of fever onset.

The precise etiology of the hearing loss
remains to be explained. Although a causa-
tive agent has not been identified, epidemio-
logic data suggest that KD has an infectious
etiology.3 The relative rarity of KD in the peri-
natal period and among adolescents and
adults suggests that KD may be caused by an
agent to which virtually all adults are im-
mune, and from which most very young in-
fants are protected by maternal antibodies.
The SNHL associated with acute KD might
then reflect infection of the inner ear, analo-
gous to the direct cytopathic effects on the
labyrinth and cochlea, which occur with
certain viral illnesses, such as mumps and
rubella.10

Alternatively, the SNHL may be associated
with aberrant immune activation with anti-
body complexes directed against elements of
the membranous portion of the cochlea, or to
specific proteins within the hair cells.11 The
vasculitis associated with KD is most severe
in the medium sized arteries, although arte-
rioles and venules may be affected early in the
illness. Multiple mediators of inflammation
are elevated during the acute phase of the
disease,12-14 and expression of cellular adhe-
sion molecules is increased.15-18 These pro-
cesses may potentiate the damage to vascular
tissue, particularly the media and intima. This
widespread vasculitis could affect the mem-
branes of the labyrinth or the osmotic balance
within the fluid compartments of the inner
ear.

The potential role of salicylate ototoxicity
in the genesis of the hearing loss in acute KD
patients deserves further comment. Many
studies have shown that salicylates in high
doses cause a flat 20- to 30-dB SNHL, or a loss
shifted towards the higher frequencies.19

Higher doses tend to cause more severe hear-
ing losses, although a precise dose-response
relationship cannot be shown.19 Free drug
levels are responsible for the therapeutic ef-
fects and ototoxicity of salicylates. Hypoalbu-
minemia, which occurs during the acute
phase of KD, causes a higher level of free
salicylate in the serum.20 It is unlikely, how-
ever, that the SNHL experienced by patients
in our study was caused by ASA ototoxicity
alone. The patterns of hearing impairment in

4 patients differed from the patterns charac-
teristic of salicylate ototoxicity, in which bin-
aural flat or high-frequency deficits predomi-
nate (see Fig 2). Of 19 patients, 15 (78.9%) had
a pattern consistent with ASA ototoxicity.
Furthermore, salicylate ototoxicity in adults is
reported to be reversible within 72 hours after
cessation of therapy. However, 2 patients in
our study showed hearing impairment that
persisted beyond the period of their ASA
treatment, consistent with earlier reports of
SNHL associated with KD. In addition, SNHL
associated with KD has been reported in Ja-
pan, where high-dose ASA is never used be-
cause of concerns regarding hepatotoxicity of
salicylates in that population. Based on these
data, a role for ASA toxicity in the SNHL seen
in our study population is postulated, but is
unlikely to explain all of the hearing loss.

Children with KD may be referred to the
otolaryngologist for a variety of signs and
symptoms during their acute illness. Consul-
tation may be sought for evaluation of cervical
adenopathy, airway obstruction, hoarseness,
torticollis, and retropharyngeal soft tissue
swelling.21-27 In contrast, referral for evalua-
tion of hearing loss may occur long after signs
and symptoms of acute KD have disappeared.
Because KD is a self-limited illness that re-
solves even in the absence of treatment, the
diagnosis may be missed and the illness for-
gotten. Therefore, a history of an illness com-
patible with KD should be sought in all chil-
dren who are being evaluated for hearing loss.
Any suspicion of missed KD should precipi-
tate referral for echocardiogram to detect pos-
sible coronary artery abnormalities.

Based on current information, it is recom-
mended that primary care providers and par-
ents of patients with KD be counseled regard-
ing the possibility of SNHL after acute KD.
Routine audiologic evaluation does not appear
to be warranted. However, parents should be
educated with respect to the possible sequelae
of unrecognized hearing loss in this age group,
which can include speech and language de-
lay, behavioral and social adjustment difficul-
ties, and poor academic performance. Health
care providers should refer patients for audio-
logic evaluation should any of these sequelae
develop after acute KD.
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APPENDIX

Members of the Kawasaki Disease Multi-
center Hearing Loss Study Group are as fol-
lows (from west to east):

University of Hawaii, Marian E. Melish;
University of Southern California, Wilbert H.
Mason; University of California San Diego,
John F. Bastian; University of Colorado, Mary
P. Glode; Northwestern University, Stanford
T. Shulman; University of Toronto, Ronald M.
Laxer; Tufts University, H. Cody Meissner;
Harvard University, Robert P. Sundel; Boston
University, Alexa S. Beiser; Coordinating Cen-
ter, Jane C. Burns, UCSD, Jeffrey P. Harris,
UCSD, Robert E. Novak, San Diego State Uni-
versity, Jane W. Newburger, Harvard Univer-
sity.

REFERENCES

1. Kawasaki T, Kosaki F, Okawa S, et al: A new infan-
tile acute febrile mucocutaneous lymph node syndrome
(MCLS) prevailing in Japan. Pediatrics 54:271-276, 1974

2. Burns JC, Mason WH, Glode MP, et al: Clinical and
epidemiologic characteristics of patients referred for eval-
uation of possible Kawasaki disease, J Pediatr 118:680-
686, 1991

3. Rowley AH, and Shulman ST: Kawasaki Syndrome.
Pediatr Clin N Am 46:313-329, 1999

4. Kato H, Koike S, Yamamoto M, et al: Coronary an-
eurysms in infants and young children with acute febrile
mucocutaneous lymph node syndrome. J Pediatr 86:892-
898, 1975

5. Newburger JW, Takahashi M, Beiser AS, et al: A
single intravenous infusion of gamma globulin as com-
pared with four infusions in the treatment of acute Ka-
wasaki syndrome. N Engl J Med 224:1633-1639, 1991

6. Fujiwara H, Hamashima Y: Pathology of the heart in
Kawasaki disease. Pediatrics 61:100-107, 1978

7. Suzuki H, YanagawaT, Kihira S, et al: Two cases of
hearing loss associated with Kawasaki disease. Clin Pedi-
atr (Jpn) 41:167-172, 1988

8. Sundel RP, Newburger JW, McGill T, et al: Sensori-
neural hearing loss associated with Kawasaki disease.
J Pediatr 117:371-377, 1990

9. Sundel RP, Cleveland SS, Beiser AS, et al: Audio-
logic profiles of children with Kawasaki disease. Am J
Otol 13:512-515, 1992

10. McKenna MJ: Measles, mumps and sensorineural

hearing loss. Annal New York Acad Sci 830:291-298,
1997

11. Harris JP: Immunologic mechanisms in disorders of
the inner ear, in Cummings CW: Otolaryngology—Head
and Neck Surgery, vol 4. St. Louis, MO, Mosby, 1993, pp
2926-2942

12. Matsubara T, Furukawa S, Yabuta K: Serum levels
of tumor necrosis factor, Interleukin 2 receptor, and in-
terferon gamma in Kawasaki disease involved coronary
artery lesions. Clin Immunol Immunopathol 56:29-36,
1990

13. Maury CP, Salo E, Pelkonen P: Circulating interleu-
kin 1-Beta in patients with Kawasaki disease. N Engl
J Med 319:1670, 1988

14. Ueno Y, Takano N, Kanegane H, et al: The acute
phase nature of interleukin 6: Studied in Kawasaki dis-
ease and other febrile illness. Clin Exp Immunol 76:337-
342, 1989

15. Maeno N, Takei S, Masuda K, et al: Increased serum
levels of vascular endothelial growth factor. Ped Res 44:
596-599, 1998

16. Kim DS, Lee KY: Serum soluble E-selectin levels in
Kawasaki disease. Scand J Rheumatol 23:283-286, 1994

17. Nash MC, Shah V, Dillon MJ: Soluble cell adhesion
molecules and von Willebrand factor in children with
Kawasaki disease. Clin Exp Immunol 101:13-17, 1995

18. Furukawa S, Imai K, Matsubara T, et al: Increased
levels of circulating intercellular adhesion molecule 1 in
Kawasaki disease. Arth Rheum 35:672-677, 1992

19. Brien JA: Ototoxicity associated with salicylates: A
brief review. Drug Saf 9:143-148, 1993

20. Koren G, Sundel RP, Edney P, et al: Decreased
protein binding of salicylates in Kawasaki disease. J Pe-
diatr 118:456-459, 1991

21. April MM, Burns JC, Newburger JW, et al: Kawasaki
disease and cervical adenopathy. Arch Otolaryngol Head
Neck Surg 115:512-514, 1989

22. Rothfield RE, Arriaga MA, Felder H: Peritonsillar
abscess in Kawasaki disease. Int J Ped Otorhinolaryngol
20:73-79, 1990

23. Murrant NJ, Cook JA, Murch SH: Acute ENT admis-
sion in Kawasaki disease. J Laryngol Otol 104:581-584,
1990

24. Hester TO, Harris JP, Kenny JF, et al: Retropharyn-
geal cellulitis: A manifestation of Kawasaki disease in
children. Arch Otolaryngol Head Neck Surg 109:1030-
1033, 1993

25. Seicshnaydre MA, Frable MA: Kawasaki disease:
Early presentation to the otolaryngologist. Arch Otolaryn-
gol Head Neck Surg 108:344-347, 1993

26. McLaughlin RB, Keller JL, Wetmore RF, et al: Ka-
wasaki disease: A diagnostic dilemma. Am J Otolaryngol
19:274-277, 1998

27. Burgner D, Festa M, Isaacs D: Delayed diagnosis of
Kawasaki disease presenting with massive lymphadenop-
athy and airway obstruction. BMJ 312:1471-1472, 1996

348 KNOTT ET AL


