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This article proposes a clinical guideline for the
diagnosis and treatment of Kawasaki disease in the UK
based on the best available evidence to date, and
highlights areas of practice where evidence is anecdotal
or based on retrospective data. Future research as
proposed by the London Kawasaki Disease Research
Group is outlined, and clinicians are invited to
prospectively enrol their suspected cases into this
collaborative research project.
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In 1967 Tomisaku Kawasaki described 50 Japa-

nese children with an illness characterised by

fever, rash, conjunctival injection, erythema

and swelling of hands and feet, and cervical

lymphadenopathy.1 The mucocutaneous lymph

node syndrome which he described is now recog-

nised as Kawasaki disease (KD), and is the second

commonest vasculitic illness of childhood

(Henoch–Schonlein purpura being the common-

est). KD is associated with the development of

systemic vasculitis complicated by coronary and

peripheral arterial aneurysms, and myocardial

infarction in some patients.2 It is the commonest

cause of acquired heart disease in children in the

UK and the USA.2 3

Since the early descriptions of KD there have

been 21 randomised controlled trials (RCTs), and

two meta-analyses examining therapeutic inter-

ventions in KD. Despite intensive research into

the illness the cause remains unknown, and

although there have been significant improve-

ments in diagnosis and treatment of children

with the disease there are still a number of

important unanswered questions regarding

therapy. Furthermore there is still no diagnostic

test available for KD.

The purpose of this article is to provide a clini-

cal guideline for the diagnosis and treatment of

KD in the UK. This guideline is based on evidence

from meta-analyses and RCTs to date, and will

highlight areas of practice where evidence is

anecdotal or based on retrospective data. Lastly,

suggestions for future research as proposed by the

London Kawasaki Disease Research Group

(KDRG) will be outlined.

EPIDEMIOLOGY
KD is commonest in Japan where more than

125 000 cases have been reported.3 The disease is

also commoner in Japanese and other Oriental

children living abroad.2 Children aged 6 months

to 5 years are most susceptible, with peak

incidence in children aged 9–11 months.4 Sea-

sonal variation in the disease incidence has been

reported, with peak occurrence in the winter and

spring months.2 Direct person to person spread is

not observed, although in Japan the disease

occurs more commonly in siblings of index cases

with an estimated peak incidence of 8–9% in sib-

lings under the age of 2 years.5

Although KD is believed to be caused by an

infectious agent in an immunologically suscepti-

ble individual, the causative agent remains

elusive.

DIAGNOSIS OF KD
There is no diagnostic test for KD, therefore diag-

nosis is based on clinical criteria (table 1)2 and the

exclusion of other diseases, particularly sepsis.

The differential diagnosis includes toxic shock

syndrome (streptococcal and staphylococcal),

staphylococcal scalded skin syndrome, scarlet

fever, and infection with enterovirus, adenovirus,

measles, parvovirus, Epstein–Barr virus, cytome-

galovirus, mycoplasma pneumoniae, rickettsiae,

and leptospirosis.2 3 The differential diagnosis of

IVIG (intravenous immunoglobulin) resistant KD

includes polyarteritis nodosa, systemic onset

juvenile idiopathic arthritis, and malignancy

(particularly lymphoma).

Fever of five days duration plus four of the five

remaining criteria or the presence of fever and

coronary artery aneurysms (CAA) with three

additional criteria are required for the diagnosis

of “complete” cases.3 “Incomplete” cases com-

prise those with fewer than the prerequisite

number of criteria. Irritability is an important

sign, which is virtually universally present,

although not included as one of the diagnostic

criteria. The exact mechanism of the irritability is

unclear, but it may be related to the presence of

aseptic meningitis. Another clinical sign not

incorporated into the diagnostic criteria, but

which is relatively specific to KD, is the develop-

ment of erythema and induration at sites of BCG

immunisations. The mechanism of this clinical

sign is cross reactivity of T cells in KD patients

between specific epitopes of mycobacterial and

human heat shock proteins.6 With an increasing
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number of infants receiving the BCG in the UK, it is likely that

this sign will become more common, and awareness of it could

result in earlier diagnosis and treatment.

An important point worthy of emphasis is that the criteria

may present sequentially such that a so called “incomplete”

case can evolve with time into a “complete” case. Thus the

diagnosis of KD must be considered in any child with a febrile

exanthematous illness, particularly if it persists longer than

four to five days.

Other relatively common clinical findings in KD include

arthritis, aseptic meningitis, pneumonitis, uveitis, gastroen-

teritis, meatitis and dysuria, and otitis.7 Relatively uncommon

abnormalities include hydrops of the gallbladder, gastro-

intestinal ischaemia, jaundice, petechial rash, febrile convul-

sions, and encephalopathy or ataxia.7 Cardiac complications

other than coronary arterial abnormalities include cardiac

tamponade, cardiac failure, myocarditis, and pericarditis.7

LABORATORY FINDINGS
KD is a multisystem vasculitic disease affecting medium sized

muscular arteries, and is associated with many non-specific

laboratory findings.2 Acute phase proteins, neutrophils, and

erythrocyte sedimentation rate are usually increased. Throm-

bocytosis occurs towards the end of the second week of the

illness and therefore may not be helpful diagnostically. Liver

function may be deranged. Sterile pyuria is occasionally

observed, and also CSF pleocytosis (predominantly lym-

phocytes) representing aseptic meningitis.2 Table 2 shows a list

of investigations which should be performed in suspected

cases of KD.

TREATMENT OF KD
Treatment of KD is aimed at reducing inflammation, and pre-

venting the occurrence of CAA and arterial thrombosis. The

optimal doses of aspirin and IVIG are discussed, and the treat-

ment of refractory KD is considered.

Aspirin
It is worthy of note that treatment of KD with aspirin alone

has never been subject to a randomised controlled trial,

although aspirin versus aspirin plus IVIG has been studied.

Aspirin is given in the acute phase of the illness at relatively

high “anti-inflammatory” doses (30–100 mg/kg/day). Follow-

ing defervescence of the disease aspirin is given as an

antiplatelet agent in a dose of 2–5 mg/kg once daily, the dura-

tion being dependent on findings on echocardiography.
Recent reviews have recommended the higher anti-

inflammatory dose of 100 mg/kg/day in the acute phase of the
illness3 on the basis of reducing duration of fever and length of
hospitalisation compared with low dose aspirin (3–8 mg/kg/
day).8 No such comparative data on fever and hospitalisation
exists regarding high dose aspirin versus moderate doses
(30–50 mg/kg/day).

Meta-analysis comparing moderate anti-inflammatory
doses of aspirin (30–50 mg/kg/day) with IVIG versus high
dose aspirin (80–120 mg/kg/day) with IVIG found no signifi-
cant difference in the incidence of CAA between the groups.9

Currently, it is our practice to administer aspirin at a dose of 30
mg/kg/day during the acute phase of the illness, as this may be
better tolerated in terms of gastrointestinal and other side
effects.10 Some have advocated the use of dipyridamole in
addition to moderate dose aspirin as a synergistic antiplatelet
agent. The evidence for the effectiveness of this in this situa-
tion is, however, lacking.

Immunoglobulin
Early recognition and treatment of KD with aspirin and IVIG

has been shown unequivocally by meta-analysis to reduce the

occurrence of CAA.9 11 Moreover, the prevalence of coronary

artery abnormalities in KD is highly dependent on total IVIG

dose, but independent of aspirin dose.9 Treated with aspirin

alone, 20–40% of children develop CAA.2 9 11 Combined therapy

with aspirin and high dose IVIG given as a single infusion

reduces the occurrence of CAA to 9% at 30 days, and 4% at 60

days after the onset of the illness.11 The prevalence of CAA is

inversely related to the total dose of IVIG,9 2 g/kg of IVIG being

the optimal dose, usually given as a single infusion.9 11

Meta-analysis of randomised controlled trials comparing

divided lower doses of IVIG (400 mg/kg/day for four consecu-

tive days) versus a single infusion of high dose IVIG (2 g/kg

over 10 hours) has clearly shown the therapeutic benefits in

the prevention of CAA with the latter regimen.11 One

important practical point, however, is that infants who have

cardiac compromise may not be able to tolerate the fluid chal-

lenge associated with the high dose single infusion, and con-

sideration of divided doses given over several days may be

appropriate for this patient group.

Table 1 Kawasaki disease: diagnostic criteria2

Criterion Description

Fever Duration of 5 days or more plus 4 of the following:

1 Conjunctivitis Bilateral, bulbar, non-suppurative
2 Lymphadenopathy Cervical, >1.5 cm
3 Rash Polymorphous, no vesicles or crusts
4 Changes of lips or oral

mucosa
Red cracked lips; “strawberry” tongue; or diffuse erythema of
oropharynx

5 Changes of extremities Initial stage: erythema and oedema of palms and soles
Convalescent stage: peeling of skin from fingertips

KD may be diagnosed with fewer than 4 of these features if coronary artery aneurysms are detected.

Table 2 Initial investigations for suspected Kawasaki
disease

Full blood count and film
Erythrocyte sedimentation rate
C reactive protein
Blood cultures
ASOT and anti DNase B
Nose and throat swab, and stool sample for culture (superantigen
toxin typing if Staphylococcus aureus and/or β haemolytic
streptococci detected)
Renal and liver function tests
Coagulation screen
Autoantibody profile (antinuclear antibodies; extractable nuclear
antibodies; rheumatoid factor; antineutrophil cytoplasmic antibodies)
Serology (IgG and IgM) for mycoplasma pneumoniae, enterovirus,
adenovirus, measles, parvovirus, Epstein–Barr virus, cytomegalovirus
Urine microscopy and culture
Dip test of urine for blood and protein
Electrocardiogram and echocardiogram (see fig 1)
Consider serology for rickettsiae and leptospirosis if history suggestive
Consider chest x ray
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IVIG treatment should be started early in the disease, pref-

erably within the first 10 days of the illness.9 11 Importantly,

however, clinicians should not hesitate to give IVIG to patients

who present after 10 days if there are signs of persisting

inflammation.

Not all patients respond to a single dose of IVIG, and some

require a second dose. It has been observed that those children

who received IVIG very early in the illness may require a sec-

ond infusion of IVIG for primary treatment failure or disease

recrudescence.12 Thus, the timing of IVIG administration

appears to be important, although this latter point should not

dissuade clinicians from giving IVIG before day 5 of fever if the

diagnosis of KD is suspected.

Lastly, one question that remains unanswered is whether

the type of IVIG administered is important, perhaps as a result

of the presence of antibodies to epitopes derived from

different donor pools. There are currently no data to suggest

that any particular preparation is superior.

The role of corticosteroids in KD
The use of corticosteroids in KD remains controversial. Unlike

other vasculitic conditions, where corticosteroid remains the

mainstay of treatment, an early study suggested that the inci-

dence of CAA was greater in those treated with prednisolone

compared with those treated with aspirin alone.13 Other work-

ers have suggested that the use of pulsed methylprednisolone

is effective in treating patients with KD resistant to IVIG.14 We

believe that there is a role for corticosteroids in patients with

KD refractory to treatment with IVIG,15 and also for those

patients who may refuse IVIG because of religious beliefs,

such as Jehovah’s Witnesses. We suggest, however, that treat-

ment of refractory KD with corticosteroids should be

undertaken in specialised centres.

VACCINATION POST KAWASAKI DISEASE
There are two important issues relating to vaccination follow-

ing an episode of KD. Firstly, IVIG can block replication of live

viral vaccines and subsequent actively acquired immunity.16 17

Consequently it is currently recommended that live vaccines

be deferred for at least three months following treatment with

IVIG.18 Secondly, an important question remaining unan-

swered is the safety of live or other vaccines in children recov-

ering from KD. It has been our observation that some

autoimmune disease states, including the systemic vascu-

litides, flare in response to live and non-live vaccine

preparations. It is therefore our policy to defer immunisation

with all vaccines for at least three months following an

episode of KD.

CARDIAC COMPLICATIONS OF KD
Echocardiographic and cardiac angiographic data indicate

that 20–40% of untreated KD patients develop coronary artery

abnormalities. Approximately 50% of these lesions regress

within five years, and in most with mild CAA (3–4 mm)

regression occurs within two years.2 Giant aneurysms (>8

mm) are unlikely to resolve, and some may develop stenosis

with risk of coronary thrombosis, myocardial infarction, and

death. In 1993, a report from the British Paediatric Surveil-

lance Unit indicated a mortality rate of 3.7% in the UK for

KD.19 Current mortality rates reported from Japan are much

lower at 0.14%.3 The reasons for this difference include

improved therapy, and better case recognition. Long term

sequelae may include the early development of coronary

atherosclerosis.20

All patients with KD should undergo echocardiography on

diagnosis and six to eight weeks after the onset of the

disease.2 We also advocate an intermediate echocardiograph at

Figure 1 Recommended clinical guideline for the management of KD in the UK. *Treatment can be commenced before full 5 days of fever if
sepsis excluded; treatment should also be given if the presentation is >10 days from fever onset. **Incomplete cases >1 year old treated at
discretion of clinician—seek expert advice. †Refer to paediatric cardiologist. ‡Other specific interventions such as positron emission
tomography scanning, addition of calcium channel blocker therapy, and coronary angioplasty at discretion of paediatric cardiologist.

Establish diagnosis
(1)  Complete KD (any age), or (2)   Incomplete

KD < 1 year old

•     Stop aspirin at 6
       weeks
•     Lifelong follow
      up at least every
      2 years

No CAA
•     Continue aspirin
•     Repeat
       echocardiography
       and ECG at 6
       monthly intervals
•     Discontinue aspirin if
       aneurysms resolve
•     Consider exercise
       stress test if multiple
       aneurysms
•     Specific advice
       on minimising
       atheroma risk factors
•     Lifelong follow up

CAA < 8 mm, no stenoses

Seek expert advice to
consider:
•     Second dose of IVIG at
       2 g/kg over 12 hours
•     Consider pulsed methyl-
       prednisolone at 600 mg/m2 
       daily for 3 days, or
       prednisolone 2 mg/kg/day
       once daily, weaning
       over 6 weeks

•     Lifelong aspirin
       2–5 mg/kg/day
•     Consider warfarin
•     Consider coronary
       angiography and
       exercise stress testing
•     Repeat
       echocardiography
       and ECG at 6
       monthly intervals
•     Specific advice on
       minimising atheroma risk
       factors
•     Lifelong follow up

‡CAA > 8 mm, and/or stenoses

•     IVIG 2 g/kg as a single infusion over 12 hours
      (consider splitting the dose over 2–4 days in
      infants with cardiac failure)
•    Aspirin 30–50 mg/kg/day in four divided doses
•    Perform echocardiography, and ECG
•    Aspirin 2–5 mg/kg/day when fever settled (disease
      defervescence) continuing for a minimum of 6
      weeks

Disease defervescence

†Repeat echocardiography at 2 weeks and 6 weeks

No disease
defervescence within 48

hours, or disease
recrudescence within 2

weeks
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10–14 days of disease onset to pick up any missed pathology.

Additionally, it is our practice to perform echocardiography at

least weekly (and occasionally 48 hourly in the acute stages

with ongoing active inflammation) for those who develop

CAA to monitor aneurysm size progression, or the develop-

ment of thrombus formation. Long term aspirin at 2–5 mg/kg/

day is recommended for those with persisting aneurysms on

echocardiography.3 This can be discontinued if the aneurysms

resolve. Depending on the size of the aneurysms, electrocardi-

ography, and echocardiography performed 6–12 monthly is

recommended.

Patients with aneurysms greater than 8 mm may require

stress testing and possibly coronary angiography to identify

stenotic lesions. Most experts recommend the addition of

warfarin to aspirin therapy for those with giant (greater than

8 mm) coronary aneurysms,21 although randomised controlled

trials supporting this practice are lacking. If warfarin is to be

commenced, it is imperative to cover the initial warfarinisa-

tion period with intravenous heparin to counteract the

paradoxical prothrombotic state which can occur soon after

starting warfarin in some patients.22 More recently, it has been

suggested that platelet glycoprotein IIb/IIIa receptor blockade

therapy may be a useful addition to the therapeutic

armamentarium for those with giant aneurysms.23

Limitation of strenuous activity is recommended in all

patients with giant coronary aneurysms and/or stenoses.

Some patients with coronary artery stenoses may require sur-

gical revascularisation. In those patients who develop myocar-

dial infarction, treatment with streptokinase or tissue

plasminogen activator is indicated.2

A rare but serious complication of KD is the development of

peripheral ischaemia and gangrene.2 This particular complica-

tion is associated with peripheral arterial aneurysm forma-

tion, particularly axillary aneurysms. Treatment with throm-

bolytic agents, anticoagulants, and intravenous prostacyclin

may be indicated in such patients.2

CLINICAL GUIDELINE FOR THE MANAGEMENT OF
KD
Based on the evidence available to date, we recommend the

clinical guideline shown in fig 1 for the management of KD in

the UK. We propose that complete cases are treated, and addi-

tionally incomplete cases are treated at the discretion of the

admitting clinician. We suggest, however, that clinicians

should have a lower threshold for treatment of incomplete

cases under the age of 1 year. For older children with incom-

plete KD, the decision to treat will be influenced by factors

such as the small but theoretical risk of blood borne virus

infection from IVIG. Lastly, we recommend yearly lifelong fol-

low up of all children following an episode of KD. The purpose

of this is to document the blood pressure, and provide general

advice regarding other cardiac risk factors.

AREAS FOR FUTURE RESEARCH AND THE
KAWASAKI DISEASE RESEARCH GROUP
The KDRG is made up of the principle research groups with an

interest in KD in the London area. The main objectives of the

group are to examine the aetiopathogenesis and changing

epidemiology of KD in the UK. Specific areas of research will

include: (1) the epidemiology including incidence, manage-

ment, complication rate, and case fatality rate; (2) investiga-

tion of superantigen dependent or independent pathways of T

cell activation in the acute and convalescent phases of the ill-

ness24–26; (3) the investigation of a viral aetiopathogenesis, in

particular herpes viruses, using degenerate polymerase chain

reaction methodology27; (4) investigation of host genetic

determinants of susceptibility and outcome in KD5; (5) corre-

lation of coronary and/or peripheral arterial involvement with

clinical presentation; (6) evaluation of the potential of

circulating endothelial microparticles as a laboratory diagnos-

tic test and predictor of those at risk of coronary arterial

aneurysm formation28 29; (7) the examination of B lymphocyte

homing receptor expression of circulating antibody secreting

B lymphocytes in acute and convalescent KD.

Multiregional and local research ethical committee approval

has been granted in the London area. If clinicians wish to enrol

a patient for research, the first step is to contact a member of the

KDRG (see below). If not previously received, the appropriate

information and consent forms will be faxed to the referring

clinician, and advice given regarding the collection and

handling of blood specimens and swabs. Samples must be

collected prior to administration of IVIG, hence the KDRG bleep

holder is available 24 hours/day, including weekends.

A secondary aim of the group is to provide a centralised

advisory service for general paediatricians, initially within the

London area, but ultimately nationwide. Clinicians are there-

fore invited to contact key nominated clinical representatives

of the KDRG with suspected complete or incomplete cases of

KD, prior to commencement of therapy with IVIG. Permission

to enrol the patient into the KDRG study will be sought, and

telephonic advice given if requested. The aircall number to

contact (24 hours) is: 08700 555500; ask for pager number

845031 and leave a message.
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ECHO.................................................................................................................
Ultrafine particles: insidious invaders

Children living on a main road have ultrafine particles in their lower lungs. Evidence from
a study led by Grigg in Leicester, UK, is also the first indicator that these children inhale
more ultrafine particles.

Until now it was unclear whether PM10—carbon based particles <10 µm diameter associated
with lung disease and a major pollutant in traffic emissions—or smaller constituents—coarse
(<10->2.5 µm), fine (<2.5-.0.1 µm), and ultrafine (<0.1 µm) particles— could penetrate deep
into the lungs. Bunn et al used electron microscopy to look at alveolar macrophages, which
ingest inhaled material, for intracellular particles. These came from bronchoalveolar lavage fluid
obtained opportunistically from 22 healthy children aged 3 months to 16 years before an elec-
tive operation. For each child Bunn et al determined the proportion of alveolar macrophages
containing particles by examining a single section from 100 macrophages and the particle size
in each macrophage by measuring against known standards.

Alveolar macrophages from all children contained ultrafine particles only. The proportion
with particles (range 1–16%, median 5%) was not affected by the child’s age but was
significantly higher in all seven children living on a main road than the 15 living in a residen-
tial road (10% versus 3%, 95% confidence interval for median difference 1.0 to 7.9, p<0.005).

This is the first evidence to link traffic pollution directly with inhaling ultrafine particles, and
it ties in with evidence from population studies that being close to traffic increaces children’s
respiratory disease.

m Thorax 2001;56:00–00.

Ultrafine particles within a phagosome of an
alveolar macrophage from a child aged 3
months. Bar=1000 nm.
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