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Renal scarring sequelae in childhood Kawasaki disease

Jieh-Neng Wang & Yuan-Yow Chiou & Nan-Tsing Chiu &

Mei-Ju Chen & Bi-Fang Lee & Jing-Ming Wu

Received: 5 September 2006 /Revised: 30 October 2006 /Accepted: 31 October 2006 / Published online: 7 December 2006
# IPNA 2006

Abstract To assess renal inflammation and its sequelae in
Kawasaki disease (KD) patients, we conducted a prospec-
tive study in a university medical center setting in Taiwan.
From June 2002 to January 2005, 50 children with KD
were enrolled, and after admission, all received technetium-
99m dimercaptosuccinic acid scintigraphy single photon
emission computed tomography (DMSA renal SPECT), the
results of which were used as the reference standard for
determining renal inflammation. Patients with renal inflam-
mation underwent another DMSA renal SPECT more than
6 months later to evaluate the sequelae. We found that 26 of
the 50 patients (52%) had renal inflammatory foci. There
were no significant relationships between clinical or
laboratory parameters and renal involvement in KD, except
the presence of coronary artery lesions [P<0.01; odds ratio

(OR) 5.18; 95% confidence interval (CI) 1.52–17.65].
Although all patients were free of clinical symptoms, the 6-
month follow-up DMSA renal SPECT showed renal
scarring in 11 of the 24 patients (46%). Patients with an
initial abnormal renal ultrasound did predict a greatly
increased risk of scarring (P<0.05; OR 16.2; 95% CI
1.27–206.20). In conclusion, this study demonstrated that
the potential long-term clinical impact of KD is not limited
to coronary artery lesion sequelae but also includes renal
scar formation.
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Introduction

Kawasaki disease (KD) (mucocutaneous lymph node
syndrome) is an infants’ and children’s illness characterized
by irritability, fever, rash, swollen hands and feet, conjunc-
tivitis, swollen lymph glands in the neck, and irritation and
inflammation of the mouth, lips, and throat [1–3]. The most
common pathologic findings are systemic vasculitis and a
high incidence of inflammatory lesions affecting various
organs [4, 5]. The most serious and life-threatening aspect
of KD is the development of angitis and aneurysmal
dilation of the coronary arteries accompanied by thrombosis
and, in some cases, death [2, 3, 6, 7].

The involvement of the genitourinary tract in KD
manifests itself clinically in various forms. The most
common presentations are sterile pyuria and proteinuria;
fewer patients have transient microscopic hematuria [2, 3,
8, 9]. Although they are rare, severe complications such as
renovascular hypertension, hemolytic uremic syndrome,
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interstitial nephritis, and acute renal failure have been
reported [10–14]. Vascular involvement occurs in blood
vessels of small and medium size, such as renal arteries;
renal involvement is thus possible [15]. Whether renal
inflammation is associated with KD has not been system-
atically evaluated.

Evaluating renal inflammation has traditionally depended
on clinical manifestations, urography, and ultrasonography;
more effective options are now available. Technetium-99m
dimercaptosuccinic acid (DMSA) scintigraphy is a highly
sensitive and specific noninvasive imaging modality for
detecting renal inflammation that can demonstrate radiotrac-
er uptake defects in acute renal inflammatory foci [16]. The
application of single photon emission computed tomogra-
phy (SPECT) together with DMSA scintigraphy (DMSA
renal SPECT) increases to 96% the sensitivity of DMSA in
detecting inflammatory foci [17]. Furthermore, DMSA
scintigraphy is more effective and sensitive than urography
and ultrasonography in detecting permanent renal damage
(i.e., scarring) [18, 19].

The purpose of this study was to assess renal inflamma-
tion and its sequelae in patients with childhood KD. We
wanted to (1) evaluate the incidence of renal inflammation
using DMSA renal SPECT, (2) investigate the associated
risks resulting from renal involvement, and (3) discuss the
development of renal sequelae and its clinical implications.

Methods

Patient selection

Children admitted to our hospital, a university medical
center in Taiwan, with acute febrile KD were considered
eligible for this prospective study. KD was defined
according to standard clinical diagnostic criteria [20]. The
exclusion criteria were (a) a previous history of urinary
tract infection, (b) coincident congenital urogenital abnor-
mality or uropathy, (c) a urinary tract infection between the
initial and follow-up scintigram, (d) a space-occupying
lesion at renal ultrasound, and (e) positive results from
urine culture. When the patient’s fever had subsided for
48 h, the patient was discharged from the hospital and
followed up in the outpatient clinic. The study protocol was
approved by our hospital’s institutional review board, and
written informed consent was obtained from the patients’
parents.

Data collection

The protocol for treatment of patients diagnosed with KD
was based on the recommendations of the Committee on
Rheumatic Fever, Endocarditis, and Kawasaki Disease of

the American Heart Association’s Council on Cardiovas-
cular Diseases in the Young [21]. Patients were given
intravenous immunoglobulin (2 gm/kg) and aspirin (80–
100 mg/kg day; orally) but no antibiotics. When patients
were afebrile, they were given only 3–5 mg/kg of aspirin
(orally). Lab tests included a complete blood count with a
differential count, C-reactive protein, and erythrocyte
sedimentation rate. Liver enzymes and renal function were
assessed upon or soon after admission. Liver enzymes were
considered abnormal if alanine aminotransferase was
> 45 U/l. Renal function was defined as abnormal if
creatinine was > 0.4 mg/dl in infants (≤ 12 months old) or
> 0.7 mg/dl in children (> 12 months old) [22]. Pyuria was
considered present if a urinary analysis showed a white
blood cell count of ≥ 10/high power field; hematuria, if the
red blood cell count was ≥ 5/high power field; and
proteinuria, if the protein level was > 100 mg/dl. At the
same time, a urine culture was done to rule out the
possibility of a urinary tract infection.

An initial echocardiographic examination (SONOS 5500;
Hewlett-Packard, Les Ullis, France) using a broad-band
transducer (S8 transducer: 3–8 MHz, or S12 transducer: 5–
12 MHz) to evaluate coronary artery abnormalities was done
by a trained pediatric cardiologist on all patients entering the
study. Renal ultrasound (SSD-1200; Aloka America, Wall-
ingford, CT, USA) with a convex 5-MHz probe in B mode
was done by a trained pediatric nephrologist upon admission
to exclude congenital uropathy and space-occupying lesions.
The results of a renal ultrasound were classified as abnormal
if one of the following features was observed: parenchymal
hyperechogenicity, a focal lesion with hyper- or hypoecho-
genicity, thickening of the renal pelvis wall, corticomedul-
lary differentiation, or significant enlargement of the kidney
length or width compared with the opposite kidney and
compared with the normal range for a patient’s age. A repeat
renal ultrasound was also done at the 6-month follow-up visit
only if the initial DMSA renal SPECT was positive.

An initial DMSA renal SPECT was done within 1 week
of hospitalization in the manner previously reported [23,
24]. The results were used as the reference standard for
determining renal inflammation. Acute inflammation was
indicated if the image showed either diffuse diminished
DMSA uptake or focal areas of decreased cortical DMSA
uptake. In general, a renal inflammatory lesion takes at least
5 months to stabilize [25]. Patients with positive renal
inflammation underwent a second DMSA renal SPECT at
least 6 months later, and, depending upon the results, the
patients were placed in the “scar group” or the “nonscar
group.” A renal scar was diagnosed when the follow-up
image showed a defect in the renal outline located in a
previously identified inflammatory focus.

The first clinical follow-up occurred within 2 weeks of
discharge. Follow-up echocardiographic examinations were
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done at this visit and at 6 weeks and 6 months after
discharge in all patients. Because most coronary artery
lesions were not apparent during the initial diagnosis,
patients were considered positive for lesions if the internal
diameter of the coronary artery was > 3 mm in children
younger than 5 years or > 4 mm in children at least 5 years
old at the 2-week follow-up echocardiography [26]. When a
coronary artery was larger than normal (i.e., dilated) and
did not have a segmental aneurysm, we made a further
diagnosis of ectatic coronary disease. Segmental coronary
aneurysms were classified as small (3- to 5-mm internal
diameter), medium (5- to 8-mm internal diameter), or giant
(> 8-mm internal diameter) [6, 21]. A persistent coronary
artery lesion was identified if the lesion had not regressed to
normal by the 6-month follow-up visit.

Statistical methods

Continuous data were expressed as mean ± standard error,
and differences between groups were analyzed using the
Mann-Whitney U test. The chi-squared test corrected for
continuity was used to compare frequencies. For < 5 cases,
we used Fisher’s exact test. Statistical significance was set at
P<0.05. Using univariate analysis, an odds ratio (OR), 95%
confidence interval (95% CI), and statistical associations
were then calculated to estimate the risk of renal inflamma-
tion and renal scarring in relation to the parameters from
laboratory and image investigations. All statistical analyses
were performed using a commercial software program
(STATA 7; Stata Corp., College Station, TX, USA).

Results

From June 2002 to January 2005, 50 patients (33 boys and
17 girls; age range, 3–89 months; mean, 20.2±2.7 months;
median, 13 months) were enrolled consecutively in this
study. All patients had leukocytosis (mean, 17,081±899/
mm3), with a marked erythrocyte sedimentation rate (mean,
67.7±4.3 mm/hr) and elevated C-reactive protein (mean,
103.3±8.1 mg/l). Twenty-six (52%) had elevated alanine
aminotransferase and aspartate aminotransferase, 19 (38%)

had pyuria, six (12%) had hematuria, and six had
proteinuria. Most patients had normal serum urea nitrogen
(mean, 9.2±3.7), and serum creatinine (mean, 0.4±0.1),
but two patients had mild elevated creatinine levels
(0.6 mg/dl in a 5-month-old male infant; 0.8 mg/dl in a
12-month-old boy). The initial renal ultrasound revealed
increased cortical echogenicity, enlarged kidneys, or in-
creased corticomedullary differentiation in five patients
(10%). Echocardiography showed that 20 patients had
acute-stage coronary artery lesions: 10 (50%) had ectatic
coronary disease, seven (35%) had a small aneurysm, two
(10%) had a medium aneurysm, and one had a giant
aneurysm. The initial DMSA renal SPECT showed that 26
of the 50 patients had renal inflammatory foci, typically
several small focal areas of decreased DMSA uptake
scattered in the kidneys (Fig. 1a).

Based on the initial renal scan findings, the clinical
characteristics, laboratory findings, and image studies of
patients with (abnormal-DMSA group) or without (normal-
DMSA group) renal inflammation were compared (Table 1).
In brief, there were no significant associations between
clinical or laboratory parameters and renal involvement in
KD, except for the presence of coronary artery lesions
(P<0.05). A univariate analysis of the risk factors resulting
from renal inflammation showed that a coronary artery
lesion increased the risk of renal inflammation in patients
with KD (OR 5.18; 95% CI 1.52–17.65) (Table 2). Though
the sensitivity for predicting renal inflammation from
coronary artery lesions revealed via echocardiography was
only 57.7% (15/26), the specificity was 79.2% (19/24), the
positive predictive value was 75% (15/20), and the
negative predictive value was 63.3% (19/30).

The clinical course in all 50 patients was uneventful. No
hypertensive episodes occurred during the admission
period. In brief, the results of the follow-up DMSA renal
SPECT showed that 11 of the 24 patients (two patients
missed the follow-up scan) (46%) had renal scarring caused
by renal inflammation (Fig. 1b). In addition, echocardio-
grams revealed persistent coronary aneurysms in four
patients: two with renal scarring, one without renal scarring,
and one who had not received a follow-up DMSA renal
SPECT because of a negative initial scan. Only one patient

Fig. 1 Technetium-99m dimer-
captosuccinic acid (DMSA) re-
nal scans of a 2-year-old boy. a
Multiple areas of decreased
DMSA uptake (arrows) in both
kidneys during acute inflamma-
tion. b Follow-up study
6 months later demonstrates
persistent defects (arrows) that
indicate renal scars
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had an abnormal follow-up renal ultrasound, a patient who
also had an abnormal follow-up echocardiogram.

Patients with an initial abnormal renal ultrasound
showed a greatly increased risk of scarring (OR 16.2;
95% CI 1.27-206.20) (Table 2). Though the sensitivity of
the initial abnormal renal ultrasound in predicting renal
scarring was low (36.4%, 4/11), the specificity was 100%

(13/13); the positive predictive value was 100% (4/4), and
the negative predictive value was 65.0% (13/20).

Discussion

Renal involvement in childhood KD is usually clinically
silent, that is, it is generally mild and lacks obvious clinical

Table 2 Comparison of variables with initial and follow-up DMSA

Variable Initial DMSA
(abnormal/normal)

P value OR 95% CI Follow-up DMSA
(scar/nonscar)

P value OR 95% CI

Elevated liver enzymesa Normal 10/10 0.46 1 0.42–4.40 5/4 0.67 1 0.08–2.54
Elevated 15/11 1.36 5/9 0.69

Pyuria Normal 14/17 0.21 1 0.85–5.10 7/7 0.25 1 0.09–3.5
Abnormal 12/7 2.08 4/6 0.67

Hematuria Normal 24/20 0.33 1 0.07–2.44 11/11 0.34 1 0.01–3.83
Abnormal 2/4 0.42 0/2 0.2

Proteinuria Normal 23/21 0.92 1 0.15–5.43 10/11 0.77 1 0.04–7.23
Abnormal 3/3 0.91 1/2 0.55

Initial renal ultrasound Positive 4/1 0.17 4.18 0.49–35.66 4/0 < 0.05 16.2 1.27–206.20
Negative 22/23 1 7/13 1

Coronary artery lesion Positive 15/5 < 0.01 5.18 1.52–17.65 6/8 0.92 0.75 0.14–3.96
Negative 11/19 1 5/5 1

DMSA technetium-99m dimercaptosuccinic acid scintigraphy single photon emission computed tomography (DMSA renal SPECT), OR odds
ratio, CI confidence interval

a Four patients did not receive the liver exam

Table 1 Initial clinical charac-
teristics, laboratory findings,
and image studies of Kawasaki
disease patients with or without
renal inflammation

DMSA technetium-99m dimer-
captosuccinic acid scintigraphy
single photon emission com-
puted tomography (DMSA re-
nal SPECT)

DMSA group P value

Abnormal Normal
(n=26) (n=24)

Age (months) 22.8±4.33 17.3±2.89 0.30
Gender (male/female) 17/9 16/8 0.92
Duration of fever before treatment (days) 5.9±0.39 6.5±0.68 0.43
White blood cell count (/mm3) 16742.0±898 17447.0±899 0.70
Platelet count (K/mm3) 379.0±28 439.0±43 0.24
C-reactive protein (mg/l) 105.3±11.6 101.0±11.0 0.80
Erythrocyte sedimentation rate (mm/h) 71.2±5.9 63.9±6.2 0.40
Elevated liver enzymes (n) 15 11 0.46
Elevated serum creatinine (n) 2 0 0.49
Pyuria (n) 12 7 0.21
Hematuria (n) 2 4 0.33
Proteinuria (n) 3 3 0.92
Abnormal renal ultrasound (n) 4 1 0.17
Coronary artery lesion 15 5 0.008

Ectatic coronary disease 7 3
Small aneurysm (3- to 5-mm diameter) 6 1
Medium aneurysm (5- to 8-mm diameter) 1 1
Giant aneurysm (> 8-mm diameter) 1 0
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signs or symptoms; therefore, it has generally been
considered as urethritis or meatitis [7]. The present study,
which found surprising evidence of renal inflammation,
might explain why renal involvement is not easily detected
and why clinicians have overlooked its significance in KD.
In our series, only 19 of 50 patients presented with pyuria,
six patients presented with hematuria, six patients presented
with proteinuria, and two patients presented with mildly
elevated creatinine level. None had abnormal levels of
serum urea nitrogen or presented with edema or oliguria,
which are related to symptoms of renal involvement.

Our results are consistent with several reports of clinically
significant renal impairment in KD [10–14]; renal pathology
has also been described on both biopsy and postmortem
examination. Histological findings included a normal glo-
merulus or mild expansion of the mesangial matrix;
interstitial infiltration of lymphocytes, plasmocytes, and
eosinophils; and a focus of tubular necrosis [12–14, 27]. In
a series of histopathological examinations from 25 patients
who died of KD, four infants had significant renal vascular
involvement, including panarteritis of the interlobar and
smaller arteries, arteriolitis, phlebitis, thromboarteritis, and
intimal proliferative occlusive arteritis [28]. There is also
laboratory evidence supporting the hypothesis that renal
involvement in childhood KD is quite common. One study
[29] reported that patients with KD had infiltration of
immunoglobulin (Ig) A plasma cells systemically spread to
vascular tissue and kidney parenchyma. Another [30] showed
antiendothelial antibody deposits in the renal mesangium.
One very recent study [31] investigated the hyponatremia in
KD patients and suspected some KD patients may have
significant renal parenchymal injury. However, we did not
have sufficient data to confirm this finding based on our
initial study design. Still, two other studies [32, 33] showed
evidence that levels of urinary cytokines (interleukin 6 and 8)
were consistently elevated in patients with acute childhood
KD. No association was evident between urinary cytokine
levels and urinary abnormalities such as pyuria and hematuria
[33]. The authors therefore suggested the presence of an
inflammatory process within the renal parenchyma in most
patients [32]. We also found that renal inflammation was not
significantly correlated with pyuria or hematuria. But whether
the renal inflammation that we found in KD was attributable
solely to renal vasculitis or, rather, to other immune-mediated
mechanisms awaits further investigation.

Renal ultrasound is the preferred and most widely available
tool to detect renal disease. Only one study [9], however, has
reported using renal sonography in KD: it found increased
cortical echogenicity, enlarged kidneys, and increased corti-
comedullary differentiation, leading the authors to conjecture
that vasculitis of the kidneys, with its resultant fibrinoid
deposits and cellular infiltrations, leads to ischemia. Our
study had similar findings, but the incidence of abnormal

renal ultrasound was only 10%. Therefore, to detect acute
renal injury and chronic renal sequelae in children with KD,
we used DMSA renal SPECT because of its high sensitivity
and specific imaging capability [16–19]. Fifty-two percent of
our patients had renal involvement during the acute stage of
KD. Only coronary artery lesions significantly increased the
risk of renal vascular involvement in KD children, but they
were not significant for predicting renal scarring. Indeed, the
severity of a patient’s coronary artery lesion indicates the
severity of childhood KD according to the current criteria [2,
3, 6, 7, 21]. The absence of a significant association between
urinalysis data and renal involvement may be the result of
transient changes in urine and the timing of urine collection.

Because the follow-up period in our study was limited to
6 months, we have no evidence of deterioration of renal
function related to KD in these patients. Further research to
investigate the utility of long-term monitoring of patients with
renal scarring is warranted because hypertension, renal failure,
or end-stage kidney disease are well-known sequelae of
scarring [34, 35]. These patients should avoid renal toxicity
factors that might cause rapidly progressive renal failure [36].
Strong evidence on patients with a history of KD who have
reached adulthood [37] suggests that even those patients with
KD and only mild coronary artery lesions should be followed
up over the long term to screen for coronary artery disease or
the development of premature atherosclerosis.

In conclusion, this is the first prospective, observational study
to use DMSA renal SPECT to detect previously undiscovered
renal inflammation in childhoodKD. The high incidence of renal
involvement and its subsequent scar formation warrant a large-
scale follow-up study to verify the long-term clinical impact.
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