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Methylprednisolone pulse therapy in Kawasaki disease
Masaru Miura, Megumi Matsuoka, Kazuki Kohno,
Hirotaka Ohki, Shigeki Yoshiba
Division of Cardiology, Tokyo Metropolitan Kiyose Children’ s Hospital

Abstract

A role of intravenous methylprednisolone pulse (IVMP) therapy has not been established
for Kawasaki disease (KD) patients unresponsive to initial intravenous immunoglobulin
(IVIG) therapy. We conducted a control study in 22 KD patients unresponsive to initial
IVIG to compare IVMP with additional IVIG. IVMP induced faster but temporary resolution
of fever and more adverse effects such as bradycardia. For the last four years, 62KD
patients unresponsive to initial IVIG have been treated with additional IVIG, and 17
unresponsive to additional IVIG with IVMP, followed by oral prednisolone. Among of
them, coronary artery lesions were detected in two patients, but regressed in 6 months.
This protocol may be useful for eradication of coronary artery lesions.

Key words: Kawasaki disease, non-responder to immunoglobulin therapy, steroid

pulse therapy
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port-wine stains through greater vessel heating
and deeper vascular injury.2 The improved tech-
nology targets the heterogeneity in blood-vessel
sizes that is characteristic of port-wine stains.3

Any study evaluating the response of port-wine
stains to treatment should include an analysis
based on the location of the anatomical malfor-
mation and the patient’s age. As compared with
other areas of the face and neck, portwine stains
on the center of the face have been shown to re-
spond less effectively to treatment and are more
likely to recur.* An aggressive approach to treat-
ing infants and young children can also allow for
more rapid and complete clearing.5

). Stuart Neison, M.D., Ph.D

Beckman Laser Institute
Irvine, CA 92612
jsnelson@uci.edu

Roy G Cercnemus, M.D.

New York University Medical Center
New York, NY 10016

1. Huikeshoven M, Koster PHL, de Borgie CAJM, Beek JF, van
Gemert MJC, van der Horst CMAM. Redarkening of port-wine
stains 10 years after pulsed-dye—laser treatment. N Engl J Med
2007;356:1235-40.

2. Nelson JS, Milner TE, Anvari B, Tanenbaum BS, et al. Dy-
namic epidermal cooling during pulsed laser treatment of port
wine stain: a new methodology with preliminary clinical evalu-
ation. Arch Dermatol 1995;131:695-700.

3. Barsky SH, Rosen S, Geer DE, Noe JM. The nature and evolu-
tion of port wine stains: a computer-assisted study. J Invest Der-
matol 1980;74:154-7.

4. Renfro L, Geronemus RG. Anatomical differences of port-
wine stains in response to treatment with the pulsed dye laser.
Arch Dermatol 1993;129:182-8.

5. Geronemus RG, Quintana AT, Lou WW, Kauvar A. High-flu-

ence modified pulsed dye laser photocoagulation with dynamic
cooling of port-wine stains in infancy. Arch Dermatol 2000;136:
942-3.

MEDICINE

THE AUTHORS REPLY: With ongoing research in
medicine, investigating the 10-year follow-up re-
sults of any medical treatment inevitably leads to
somewhat outdated results at the time of presen-
tation. This is especially the case in a field that is
subject to continuous development, such as pulsed-
dye-laser treatment of port-wine stains. As Nelson
and Geronemus point out, the results with newer
pulsed-dye lasers have been reported to be prom-
ising and superior to the results with the laser
used in our study. However, to date no controlled
comparative studies have shown improved clinical
efficacy. Whether the new lasers have improved
long-term efficacy remains to be reported; in
light of our observation of the recurrence of port-
wine stains, we certainly hope they do.

No differences or trends in responses to treat-
ment related to the anatomical locations of the
port-wine stains were observed in either the origi-
nal study’ or the current follow-up study, possi-
bly because of the relatively small number of pa-
tients. Furthermore, in the original study, age was
shown to have no influence on the response to
treatment. Therefore, we refrained from perform-
ing age-dependent analyses in the current long-
term follow-up assessment.

Menne Huikeshoven M.D., Ph.D.
Chantal M.AM. van der Horst, M.D_, Ph.D.

Academic Medical Center
1100 DE Amsterdam, the Netherlands
m.huikeshoven@amc.uva.nl

1. van der Horst CMAM, Koster PHL, de Borgie CAJM, Bossuyt
PMM, van Gemert MJC. Effect of the timing of treatment of port-
wine stains with the flash-lamp-pumped pulsed-dye laser.
N Engl J Med 1998;338:1028-33.

2. Kauvar AN, Geronemus RG. Treatment of port-wine stains.
N EnglJ Med 1998;339:635-6.

Treatment of Kawasaki Disease

To THE EDITOR: In their trial of pulsed cortico-
steroid therapy for primary treatment of Kawa-
saki disease, Newburger et al. (Feb. 15 issue)!
report that, as compared with placebo, a single
pulsed dose of corticosteroid resulted in a shorter
initial period of hospitalization but that the total
numbers of days of fever and hospitalization, the
rates of retreatment, and the coronary-artery out-
comes did not differ significantly between the two
groups. The use of a single-dose regimen without
tapering most likely contributed to their results.
A single application of a corticosteroid, even at a
high dose, may have a strong but only short-lived

effect, which could therefore be associated with
a secondary increase in inflammation.

On the basis of nearly 10 years of clinical
experience,* we designed a regimen involving a
short intravenous course of prednisolone and
subsequent oral administration of prednisolone
followed by tapering.? In a randomized trial per-
formed to test the effectiveness of the regimen
as an adjunct to intravenous immune globulin,
the incidences of retreatment and coronary-artery
abnormalities within 1 month after the start of
treatment were less frequent in the corticosteroid
group than in the group receiving immune globu-

N ENGL) MED 356;26 WWW.NEJM.ORG JUNE 28, 2007

Downloaded from www.nejm.org at GUNMA UNIVERSITY on February 7, 2008 .
Copyright © 2007 Massachusetts Medical Society. All rights reserved.
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CORRESPONDENCE

lin alone. Our regimen therefore appears to be
more efficacious than the control regimen. Never-
theless, the optimal corticosteroid regimen re-
mains an issue in the primary therapy of Kawa-
saki disease.

Yocoiunzl Incue, M D

Tohiv Kobayashi, M.D

Alihuro Mortiiawa, M.D

Gunma University Graduate School of Medicine

Gunma 371-8511, Japan
.yinoue@showa.gunma-u.ac.jp

1. Newburger JW, Sleeper LA, McCrindle BW, et al. Random-
ized trial of pulsed corticosteroid therapy for primary treatment
of Kawasaki disease. N Engl J Med 2007;356:663-75.

2. Shinohara M, Sone K, Tomomasa T, Morikawa A. Cortico-
steroids in the treatment of the acute phase of Kawasaki disease.
J Pediatr 1999;135:465-9.

3. InoueY, Okaday, Shinchara M, et al. A multicenter prospec-
tive randomized trial of corticosteroids in primary therapy for
Kawasaki disease: clinical course and coronary artery outcome.
J Pediatr 2006;149:336-41.

TO THE EDITOR: Newburger et al. studied the ef-
fects of adding intravenous methylprednisolone to
conventional therapy for Kawasaki disease. The
authors found a significantly lower frequency of
coronary-artery abnormalities in the intravenous-
methylprednisolone group than in the placebo
group within the subgroup of patients who re-
quired retreatment with intravenous immune
globulin.

The identification of predictors of coronary ab-
normalities in Kawasaki disease is still problem-
atic. Failure of initial treatment with intravenous
immune globulin remains the most consistent
risk factor for cardiac abnormalities. Adminis-
tration of intravenous methylprednisolone after
the failure of initial treatinent with intravenous
immune globulin does not seem to be effective in
reducing the risk of coronary damage,? although
the current data suggest that this might not be the
case for patients who do not have a response to
intravenous immune globulin and who have pre-
viously received intravenous methylprednisolone.

Since intravenous methylprednisolone admia-
istered as a single dose appears to be safe,3 and
given our inability to identify a priori the patients
who will not have a response to intravenous im-
mune globulin, it seems obvious that the concur-
rent use of a single dose of intravenous methyl-
prednisolone and intravenous immune globulin
may be our best choice at the moment. It is un-
realistic to expect that trials powered to show
the effectiveness of intravenous methylpredniso-
lone could be accomplished anytime soon.
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10 THE EDITOR: Although the study by Newburger
et al. involved assessment of coronary-artery out-
comes with the use of transthoracic echocardi-
ography, we were quite surprised by the inclusion
of an example of a coronary aneurysm seen on
multidetector computed tomography (CT) in the
accompanying Perspective article by Burns.?

We and others®? have shown the efficacy of
noninvasive magnetic resonance imaging (MRI)
of the heart for both the identification and char-
acterization of coronary artery disease in patients
with Kawasaki disease (Fig. 1). Patients with
Kawasaki disease require frequent observation
over many decades. Given the relatively high doses
of ionizing radiation associated with multidetector

Figure 1. Three-Dimensional Steady-State Free-Precession
MRI of the Whole Heart in an 8-Year-Old Boy with
Kawasaki Disease and Serial Aneurysms (A) in the
Right Coronary Artery.

No contrast material was administered.

N ENGLJ MED 356;26 WWW.NEJM.ORG JUNE 28, 2007

Downloaded from www.nejm.org at GUNMA UNIVERSITY on February 7, 2008 .
Copyright © 2007 Massachusetts Medical Society. All rights reserved.
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CT* and the heightened potential for radiation-
induced fatal cancer in children,’ we believe that,
if transthoracic echocardiography is inadequate,
these younger patients are best served by the use
of coronary MRI.
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London SE1 9RT, United Kingdom
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THE AUTHORS REPLY: Inoue and colleagues de-
scribe the results of their open trial using a pro-
longed course of corticosteroids, which we discuss
in our article. We found that clinically significant
coronary-artery abnormalities were infrequent in
patients in both of our study groups. For this
reason, although the optimal corticosteroid regi-
men may be unknown, we believe that cortico-
steroid regimens requiring a prolonged course of
treatment would be difficult to rationalize for the
primary treatment of all patients with Kawasaki
disease.

Taddio and Rosé highlight an important ques-
tion arising from our analyses. Our study was de-
signed to test the hypothesis that the addition of
intravenous methylprednisolone to conventional
primary treatment of Kawasaki disease would im-
prove coronary-artery outcomes; the study groups
had similar overall coronary outcomes. A post hoc
subgroup analysis suggested that primary cortico-
steroid therapy reduced the incidence of coronary-
artery abnormalities in a high-risk subgroup of
patients in our study who required retreatment
with intravenous immune globulin because of
persistent or recrudescent fever. However, such
subgroup analyses must be interpreted with cau-
tion?; the literature is replete with subgroup
analyses suggesting differential responses to

therapy, findings that have been shown to be er-
roneous in subsequent prospective trials.? Chil-
dren with Kawasaki disease can be characterized
at the time of presentation with respect to their
risk of resistance to intravenous immune globu-
lin.? Until further studies are conducted in high-
risk patients, we do not believe that corticosteroid
therapy should be used in the primary treatment
of Kawasaki disease.
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DR. BURNS REPLIES: Imaging of the coronary ar-
teries is important in the long-term management
of aneurysms in patients with Kawasaki disease.
Transthoracic echocardiography can be used only
to image the proximal arteries, is dependent on a
high level of technical skill, and cannot reliably
detect stenosis. Advantages of multidetector CT
are the assessment of calcification and soft plaque,
rapid collection of data, and straightforward in-
terpretation of images. With proper gating to the
cardiac cycle and lowering of the heart rate with
beta-adrenergic blockade, exposures of approxi-
mately 0.67 mSv have been documented for coro-
nary-artery studies of children involving multi-
detector CT (Larkin G, GE Healthcare: personal
communication) (for comparison, one chest radio-
graph results in exposure to 0.02 mSv). MRl is safe,
but many centers cannot image the coronary ar-
teries with sufficient precision. All these ap-
proaches require general anesthesia for young
patients, and MRI requires a longer time to cap-
ture images than does multidetector CT and thus
increases the time under anesthesia and associat-
ed risks. Clearly, this is an area of medicine that
is in flux. We look forward to the time when safe,
noninvasive imaging methods are widely avail-
able at all centers for these children.
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Introduction

Summary

Clinical evidence implicates polymorphonuclear leucocytes in the pathogen-
esis of vasculitis in Kawasaki disease. We examined modulation of expression
of adhesion molecules (CD11b and CD62L) on polymorphonuclear leuco-
cytes and how this expression is related to serum cytokine concentrations. In
18 patients with Kawasaki disease and 15 control subjects, adhesion molecule
expression was determined by two-colour immunofluorescence staining of
blood leucocytes and flow cytometry. Eight cytokines and chemokines were
also measured. In patients with Kawasaki disease, mean fluorescence intensity
for CD11b before giving intravenous immunoglobulin was significantly
higher than in normal subjects (P < 0-005). After intravenous immuno-
globulin, mean fluorescence intensity for CD11b decreased significantly.
With coronary artery lesions present, mean CD11b fluorescence intensity was
significantly higher than without coronary artery lesions (P = 0-005 before
intravenous immunoglobulin; P = 0-024 after intravenous immunoglobulin).
No differences were seen in CD62L expression on polymorphonuclear leuco-
cytes between patients with Kawasaki disease and normal subjects. CD11b
expression on polymorphonuclear leucocytes correlated positively with
serum interleukin (IL)-6, IL-10, granulocyte colony-stimulating factor, per-
centage of neutrophils among white cells and C-reactive protein. Polymor-
phonuclear leucocytes from patients with Kawasaki disease showed increased
CD11b expression, which was associated with increased serum cytokines and
appeared to be related to coronary artery lesions.

. Keywords: CD11b, coronary artery lesions, cytokine, intravenous immuno-

globulin, Kawasaki disease

acute phase, which decrease rapidly to normal after resolu-
tion of the acute phase [5,6]. Furthermore, G-CSF has shown

Kawasaki disease (KD), an acute multi-system vasculitis of
unknown aetiology that affects primarily infants and chil-
dren, is a major cause of acquired heart disease {1]. The most
widely used therapy is intravenous immunoglobulin (IVIG)
given with oral aspirin (2], although approximately 10-20%
of patients have persistent fever after completion of IVIG
treatment and 5% of patients still may develop coronary
artery lesions (CAL) despite this therapy [3]. Clinical evi-
dence suggests that polymorphonuclear leucocytes (PMN)
may participate importantly in pathogenesis of vasculitis in
KD. During the acute phase, PMN are seen in the peripheral
blood, together with an overall leucocytosis including a left
shift [4]. Children with KD have high serum granulocyte
colony-stimulating factor (G-CSF) concentrations in the

association with coronary artery dilation [7]. Histologically,
vascular lesions in the acute phase of KD are associated with
evidence of PMN activation and damage to endothelial cells
caused by PMN extravasation [8,9]. PMN in the acute phase
of KD are likely to damage the endothelium through secre-
tion of oxygen radicals [10], matrix metalloproteinase and
elastase [11]. Thus, excessively activated PMN and their
inflammatory responses may be associated with coronary
artery damage in KD.

One of the major influences on PMN migration from the
blood to an inflammatory site involves modulation of adhe-
sion molecules on both PMN and endothelial cells. In par-
ticular, proinflammatory mediators induce shedding of
L-selectin (CD62L) [12] and increase expression of aMb2
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(CD11b/CD18) on the PMN surface as major events in
transendothelial migration [13]. Such altered adhesion mol-
ecule expression can influence migration of PMN to inflam-
matory sites, where they release excessive reactive oxygen
species that initiate tissue damage. Johnson et al. suggested
that up-regulation of aMb2 by antibodies directed against
neutrophil cytoplasmic antigens may represent part of the
mechanism mediating neutrophil-endothelial cell interac-
tions in systemic vasculitis [ 14]. However, the specific surface
molecules on PMN that participate in the acute phase of KD
remain unclear.

In this study, we evaluated modulation of expression of
the adhesion molecules CD11b and CDé62L on PMN in
patients with KD. We also investigated how various circulat-
ing cytokines might be related to adhesion molecule expres-
sion on surfaces of PMN.

Materials and methods

Study populations

The study was reviewed and approved by the Gunma Uni-
versity Ethics Committee in May 2000. A total of 18 patients
with KD were studied after written informed consent had
been obtained from their parents. All patients were admitted
to our hospital between September 2000 and August 2004
and fulfilled at least five of six criteria for diagnosis of KD.
Patients were excluded when clinical or laboratory evidence
of any other disease known to mimic KD was present
or when KD was atypical. The patients received IVIG
(1 g/kg/day for 2 consecutive days), aspirin (30 mg/kg/day)
and dipyridamole (2 mg/kg/day). The IVIG used was
S-sulphonated human immunoglobulin (Kenketu Venilon I;
Teijin Pharma, Tokyo, Japan). CAL were diagnosed by two-
dimensional echocardiography performed in all patients at
the time of enrolment, at 2 weeks of illness and at 4 weeks of
illness by the same paediatric cardiologist. CAL were defined
as present if the internal luminal diameter was 3 mm or
more in patients < 5 years old or 4 mm or more in patients
5+ years old; if the internal diameter of a segment was at least
1-5 times as large as that of an adjacent segment or if luminal
contour was clearly irregular. Control values for cytokines
and PMN expression of CD11b and CD62L were obtained
from 15 healthy children who had no past history of KD.

Immunostaining and flow cytometric analysis

Blood samples were obtained before [VIG treatment, shortly
after IVIG treatment (within 24 h) and in the convalescent
phase (14-21 days after IVIG treatment). Samples were
stored at room temperature and processed for flow cytom-
etry within 1 h. Expression of adhesion molecules was deter-
miued by two-colour immunofluoroscent staining of blood
leucocytes and flow cytometry. Saturating concentrations
of fluorescein isothiocyanate (FITC)-conjugated mouse

anti-human CD11b (Beckman Coulter, Tokyo, Japan) and
phycoerythrin (PE)-conjugated mouse anti-human CD62L
(Beckman Coulter) were added to the blood sample. After
cells were exposed to antibodies for 30 min at room tem-
perature in darkness, 0-5ml of red cell lysing solution
(Optilyse C; Beckman Coulter) was added for 10 min of
incubation at room temperature in darkness. Cells were then
suspended in phosphate-buffered saline and stored in dark-
ness at room temperature for 15 min. After cells were cen-
trifuged at 400 g for 5 min and the supernatant discarded,
they were resuspended in 0-5ml of phosphate-buffered
saline and analysed with an EPICS XL cytometer (Beckman
Coulter) within 5 min. Isotype-matched control antibodies,
PE-conjugated [gG, and FITC-conjugated IgG, (Beckman
Coulter) were used to define the cut-off for fluorescence
positively as the 99th percentile of the distribution of the
cells labelled with control antibody. PMN were gated based
on forward- and side-scatter on the display. Ten thousand
events were acquired from each sample. Antigen expression
was determined as mean fluorescence intensity.

Cytokine and chemokine measurements

We measured eight cytokine and chemokine concentrations
in a small volume of serum (50 ul) using a highly sensitive
fluorescent microsphere system (Japan Bio-Rad Laborato-
ries, Tokyo, Japan). Blood samples were centrifuged at 1500 g
for 10 min, and the sera were stored at —80°C until use.
Serum tumour necrosis factor (TNF)-a, interferon (IFN)-y,
interleukin (IL)-2, IL-4, IL-6, IL-8, IL-10 and G-CSF were
measured in duplicate using the Bioplex Protein Array
system (Japan Bio-Rad Laboratories). Capture antibodies
and detection antibodies for microspheres coupled with
TNF-a, [FN-y, IL-2, IL-4, IL-6, IL-8, IL-10 and G-CSF were
obtained from Japan Bio-Rad Laboratories. The appropriate
standard and samples (50pl) diluted in assay buffer
(phosphate-buffered saline, 1% bovine serum albumin-
fraction V and 0-02% azide, pH 7-4) were added to each well
of a filter plate pre-equilibrated with assay buffer. Samples
were incubated with 50 ul of the antibody-coupled micro-
spheres at room temperature for 30 min on a plate shaker
oscillating at 300 r.p.m. Freshly diluted detection antibody
(25 pl) was added to wells for incubation at room tempera-
ture for 30 min on the shaker. Streptavidin—PE (50 pul) was
added to wells, which were incubated further at room tem-
perature for 10 min on the shaker. Samples were analysed by
the Bioplex suspension array system according to the manu-
facturer’s instructions. The lower limit of detection for each
cytokine and chemokine measurement was 3—6 pg/ml.

Statistical analysis

All analyses were carried out by means of an spss statistical
software package version 13-0 ] (SPSS Japan Inc., Tokyo,
Japan). Data are expressed as the mean * standard deviation
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Table 1. Baseline characteristics and dlinical outcomes of patients with Kawasaki disease.

Kawasaki patients Normal controls
Number 18 13
Male/female 11/7 9/4
Age (months) 24-2 * 21-1 (range 3-12) 40-5 *+ 33-7 (range 3-136)

Days of illness at initial IVIG

Clinical symptoms
6/6 10/18
5/6 8/18
4/6 0/18

Length of fever (days)

Coronary artery lesions (+) 3/18

4-7 * 1-2 (range 3-8)

6-4 * 2.9 (range 3-15)

Data are presented as mean * standard deviation. IVIG: intravenous immunoglobulin.

(SD) or median with range. Continuous variables were com-
pared with the Mann-Whitney U-test or Wilcoxon’s rank
sum test. Using data from pre-IVIG, post-IVIG and conva-
lescent phase, correlations between cell adhesion molecule
expression on PMN and other laboratory values were
assessed using Pearson’s correlation coefficient. Differences
with two-tailed P-values below 0-05 were considered
significant.

Results

Baseline characteristics and clinical outcomes of
patients

Table 1 shows baseline characteristics and clinical outcomes
of patients with KD and characteristics of normal subjects.
Patients with KD (11 boys and seven girls with an age range
of 3-62 months; median 17 months) and normal subjects
(11 boys and four girls with an age range of 3-136 months)
were studied. CAL were found in three patients with KD
(17%).

Serial changes in CD11b and CD62L expression on
PMN

Figure 1 shows fluorescence activated cell sorting plots dis-
playing the gates and gating sequences used. Figure 2 depicts
CD11b and CD62L expression on PMN in pre-IVIG, post-
IVIG and convalescent phases of KD, compared with expres-
sion in normal subjects. In patients with KD, mean
fluorescence intensity of CD11b before IVIG treatment was
significantly higher than that in normal subjects (P < 0-005).
IVIG treatment caused a significant reduction in mean fluo-
rescence intensity of CD11b from that before treatment
(P < 0-001). More importantly, the mean fluorescence inten-
sity of CD11b in KD patients with CAL was significantly
higher than in KD patients without CAL (P=0-005 pre-
IVIG, P=0-024 post-IVIG). In contrast, no significant dif-
ferences in CD62L expression on PMN were seen between
patients with KD and normal subjects or between KD
patients with CAL and without CAL.

Serum cytokines and chemokines: correlation with
expression of CD11b on PMN

To investigate how cytokines and chemokines are related to
CD11b expression on PMN, we measured serum concentra-
tions of eight cytokines and chemokines in KD patients.
Serum IL-2, IL-4, IL-6, IL-8, IL-10 and G-CSF in patients
with KD before IVIG treatment were significantly higher
than in control subjects and IL-6, IL-10, G-CSF and CRP
were significantly lower after IVIG treatment than before
treatment (Fig. 3). Before IVIG treatment, serum IL-6, IL-10
and G-CSF concentrations tended to be higher in KD
patients with CAL than in patients without CAL, while
falling short of significance (IL-6, 2118-5 * 1006-1 versus
1356-5 * 1182-0 pg/ml, P=0-164; IL-10, 87-2 * 70-7 versus
309 * 31.5 pg/mi, P=0-074; G-CSE, 639-6 * 3217 versus
248-7 = 363-6 pg/ml, P=0-076). In the post-IVIG phase,
serum IL-6 and G-CSF were significantly higher in KD
patients with than without CAL (IL-6, 1556-0 * 1131-3
versus 304-9 * 291-9 pg/ml, P= 0-027; G-CSF, 265-6 = 1717
versus 32:3 + 32:0 pg/ml, P=0-011), while serum IL-i0
tended to be higher in KD patients with CAL (16-1 * 80
versus 8-5 * 69 pg/ml, P=0-066). Table 2 shows correla-
tions between CD11b expression on PMN and serum cytok-
ines and chemokines. CD11b expression on PMN showed a
positive correlation with serum concentrations of IL-6,
IL-10, G-CSF, CRP and percentage of neutrophils.

Table 2. Correlations with CD11b expression on polymorphonuclear
leucocytes and other laboratory data.

IL-2 IL-4 IL-6 IL-8 IL-10
R 0-065 0-067 0410 0-060 0-574
P value 0-612 0-601 0-001 0-638 <0001
TNF-a IFN-y G-CSG % PMN CRP
R 0-014 -0-029 0-473 0-569 0-479
P value 10-910 0-819 <0001 <0-001 < 0001

IL: interleukin; TNF: tumour necrosis factor; IFN: interferon;
G-CSF: granulocyte colony-stimulating factor; PMN: polymorpho-
nuclear leucocytes; CRP: C-reactive protein.
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patients with Kawasaki disease.

Discussion

The main findings in this study were, first, that CDI11b
expression on PMN from patients with KD was increased
significantly in the acute phase and decreased rapidly after
therapy; secondly, CD11b expression on PMN was higher in
KD patients with CAL; and thirdly, CD11b expression on
PMN correlated with serum concentrations of several pro-

and anti-inflammatory cytokines and chemokines, the per-
centage of PMN among white cells and CRP. To the best of
our knowledge, this is the first report to demonstrate
increased CD11b expression on PMN in the acute phase of
KD.

Although we could not confirm the pathogenetic conse-
quences of increased expression of CD11b on PMN and the
high concentrations of various cytokines in acute KD
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in vitro, we postulated as follows. In general, CD11b pro-
motes firm attachment of the PMN to the endothelium,
which allows transendothelial migration into inflamed
tissues. CD11b expression is up-regulated mainly by proin-
flammatory cytokines such as IL-6 and G-CSE In addition,
PMN generate large amounts of reactive oxygen species
(superoxide radicals, hydrogen peroxide and hypochlolite)
and release toxic granules containing myeloperoxidase.
These toxic compounds may be associated with cardiovas-
cular system injuries in KD patients. Therefore, enhanced
expression of CD11b induced by circulating inflammatory
cytokines is likely to promote adhesion and transendothelial
migration of leucocytes in KD. In turn, these migrated leu-
cocytes are likely to be an important source of inflammatory
cytokines that further induced endothelial cell surface
expression of intercellular adhesion molecules 1-3, resulting
in progression of vasculitis in KD. Indeed, histopathological
findings in KD show PMN adherent to endothelial cells and
infiltration of neutrophils, monocytes and lymphocytes into
the walls of small and medium-sized blood vessels [9,15-17].
However, our study lacked sufficient data to demonstrate
that increased CD11b expression on polymorphonuclear
cells actually promotes adhesion and transmigration of leu-
cocytes in acute KD patients. Further examination using
autopsy specimens or animal models of KD vasculitis is
needed to prove our hypotheses.

Several dinical studies have reported that activation of
PMN may contribute to the severity of KD. Suzuki et al.
reported that increased peripheral blood white blood cell
counts, particularly neutrophil counts with a morphological
left shift, could be helpful in predicting CAL [18]. Niwa et al.
suggested that oxygen radical generation and proteolytic
enzymes produced by neutrophils induce endothelial cell
damage in KD [10]. Senzaki et al. demonstrated a positive
association between plasma concentrations of neutrophil
proteinases such as elastase and matrix metalloproteinases
with CAL formation in acute-phase KD patients [11].
Several studies have suggested that concentrations of proin-
flammatory cytokines known to stimulate neutrophils could
predict CAL [18,19]. Taken together, these results suggest
that PMN from the CAL group may have strong adhesive
capacities as well as enhanced ability to release cytotoxic
substances. However, further examinations will be needed to
use CD11b expression on PMN as a predictor of CAL,
because only three patients with CAL were included in this
study.

We confirmed evaluation of serum concentrations of six
of the eight cytokines and chemokines that we measured
during the acute phase of KD. Evaluation of the anti-
inflammatory cytokine IL-10 as well as proinflammatory
cytokines correlated positively with CD11b expression on
PMN. The latter findings would seem to be a matter of
debate, because IL-10 has been reported to reduce the
inflammatory response of monocytes and macrophages and
to inhibit cytokine production by T helper 1 cells and inhibit

CD11b expression on PMN in vitro [20]. However, in acute
inflammation, IL-10 production is considered increasingly
to be a modulatory response to proinflammatory cytokine
production, tending to counteract excesses of proinflamma-
tory mediators. In this study, serum concentrations of IL-10
showed strong correlations with serum concentrations of
IL-6 (R = 0614, P < 0-0001), G-CSF (R = 0-705, P < 0-0001),
IL-8 (R =0-214, P = 0-036) and CRP (R = 0-381, P=0-0001).
Thus, CD11b expression on PMN may stimulate synthesis
indirectly, via proinflammatory cytokines.

No significant difference in CD62L expression on PMN
was observed in the various phases of KD treatment in this
study. The results are consistent with a report finding that
during acute KD changes in soluble L-selectin in serum
were not significant, despite dramatic changes in soluble
E-selectin and P-selectin [21,22]. However, diminished

"L-selectin expression on cell surfaces as the result of a shed-

ding process, associated with increased soluble L-selectin in
blood, has been reported during PMN activation. Decreased
CD62L expression, associated with increased CD11b surface
expression, has been described in patients with inflamma-
tory diseases other than KD [23]. Unfortunately, no such
disease controls were included in the present study. Further
studies will be necessary to determine whether the finding is
specific to KD.

In conclusion, PMN from KD patients showed increased
CDI11b expression. This abnormality is associated with
increased serum cytokines and chemokines, and appears to
predict CAL. Understanding of the molecular mechanisms
underlying ligand binding by CD11b, as well as the roles of
CD62L in PMN functions, should guide us in regulating
neutrophil function in KD patients.
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risk index increased with higher ponderal index (weight/
height®).”

If the clinical end point of treatment of pediatric obesity
is prevention of adult cardiovascular disease, then creating a
standardized MS definition may help identify the highest risk
children who need immediate medical intervention. Con-
versely, if the clinical end point is prevention of type 2
diabetes mellitus, then following the American Heart Asso-
ciation and American Diabetes Association recommendations
for lifestyle intervention may be sufficient.’ Perhaps what is
ultimately needed is a paradigm shift from MS to a composite
“risk index” score that alerts patients and physicians of all
potential health problems related to obesity. The “risk index”
score would be composed of both physical and nonphysical
attributes that are associated with obesity-related heath prob-
lems. Risk score cutoff points would not be absolute but
“continuous” and dependent on the targeted health problem.

Carolyn Chi, MD
Pediatric Endocrine Fellow
Stanford Medical Center
Stanford, CA

Darrell Wilson, MD

Thomas Robinson, MD, MPH
10.1016fjjpeds.2006.12.002
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Letters

External validation of a scoring system to predict
resistance to intravenous immunoglobulin

To the Editor:

Egami et al' described a new scoring system that pre-
dicts resistance to intravenous immunoglobulin (IVIG) treat-
ment in patients with Kawasaki disease (KD). Because no
special equipment is needed, this score can be used in almost
any children’s hospitals and pediatric services and should help
guide clinicians in decision making regarding primary ther-
apy. Although the scoring has acceptable predictive values in
the authors’ database, they did not perform an external vali-
dation that involved completely new data to further assess the
generalizability of their proposed scoring model. Therefore,
we performed external validation using a database made up
from clinical records of 750 consecutive KD patients treated
with intravenous immunoglobulin (IVIG).?

Of the 750 KD patients, 137 were classified as having
resistance to IVIG. We defined IVIG nonresponders as KD
patients with persistent fever (=37.5°C) that lasted more than
24 hours. In our database, the area under the receiver oper-
ating characteristics curve was 0.74 (95% confidence interval,
0.69 to0 0.79) on Egami et al’s scoring. Using a cutoff point of
=3 with this prediction score, we could identify IVIG non-
responders with 66% sensitivity and 72% specificity and cor-
onary artery lesions with 70% sensitivity and 68% specificity.
We also compared the score of Harada® with the score of
Egami et al. With the score of Harada, the area under the
receiver operating characteristics curve was 0.62 (95% confi-
dence interval, 0.56 to 0.67). IVIG nonresponders at a cutoff’
of =4 could be predicted at 69% sensitivity and 47% speci-
ficity; coronary artery lesions, at 46% sensitivity and 86%
specificity. Although the score of Egami et al was superior to
that of Harada, the prediction performance was not as high as
the authors reported.

Tohru Kobayashi, MD

Yoshinari Inoue, MD

Kazushi Tamura, MD

Akihiro Morikawa, MD

Department of Pediatrics and Developmental Medicine
Gunma University Graduate School of Medicine
Gunma, Japan

Tomio Kobayashi, MD
Department of Cardiology
Gunma Children's Medical Center
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Risk stratification and prediction of resistance to intravenous immunoglobulin
in Kawasaki disease
‘Tohru Kobayashi, *Yoshinari Inoue, *Akihiro Morikawa
'Department of Cardiology, Gunma Children’s Medical Center
*Department of Pediatrics and Developmental Medicine,
Gunma University Graduate School of Medicine

Abstract
Intravenous immunoglobulin is effective to resolve inflammation of Kawasaki disease
and reduce the incidence of coronary artery abnormalities. However approximately 20 %
of patients with Kawasaki disease had persistent or recurrent fevers after intravenous
immunoglobulin and are considered to have a high risk for coronary artery abnormalities.
Recently, we developed a new risk score that resistance to intravenous imm_unoélobulin
could be identified with high sensitivity and specificity in advance using seven laboratory
“and demographic variables available before initiation of primary therapy. In this article,
we will review prediction of intravenous immunoglobulin unresponsiveness. In addition,
we will focus on the risk stratification of primary therapy using the risk score.
Key words: Kawasaki disease, risk score, intravenous immunoglobulin, prednisolone
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