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Abstract

Background: The risk of immunoglobulin resistance is still likely to occur in Kawasaki disease (KD) despite adequate treatment.
The Kobayashi score (KS) is used to predict unresponsiveness to treatment although the usefulness of the score in populations
other than Asian seems to be debatable.

Aim: The analysis of clinical and laboratory parameters predisposing to immunoglobulin resistance and coronary complica-
tions in children hospitalised due to KD.

Methods: The data of children hospitalised due to KD between 2003 and 2016 underwent analysis. Clinical and laboratory
parameters were analysed, including all parameters present in KS in relation to the risk of intravenous immunoglobulin (IVIG)
resistance and the occurrence of coronary complications in the form of aneurysms and dilatations.

Results: Seventy-three children (51 boys; aged 1.5-135 months) with KD were hospitalised. In eight (11%) patients IVIG re-
sistance was observed. We reported aneurysms or coronary dilatations in 13 (17.8%) children. The criterion for increased risk
of IVIG resistance based on KS (> 4 points) was fulfilled by 21 (29%) children. Resistance to IVIG and coronary complications
were observed in four (19.1%) and two (9.5%) children with the score > 4 points, respectively, and four (7.7%) and 11 (21.6%)
from the group < 4 points in KS, respectively. The prevalence of IVIG resistance and coronary artery complications was not
different between the group with > 4 and the group with < 4 points (p = 0.22, p = 0.32, respectively). A higher risk of IVIG
resistance was confirmed in children with a longer duration of fever (13.0 days with IVIG resistance vs. 9.2 days with a good
response to IVIG, p = 0.04). For the prediction of the occurrence of coronary artery aneurysms the following were of great
importance: the day of diagnosis (which was usually the day of the beginning of treatment), the number of symptoms, and
the maximal platelet count (p = 0.001; p = 0.019 and p = 0.026, respectively).

Conclusions: In our study population we did not demonstrate the usefulness of KS to predict IVIG resistance or the risk of
the occurrence of coronary artery aneurysms. However, prolonged fever, late diagnosis, poorly symptomatic course of the
disease, and a high platelet count at the time of the follow-up remain independent risk factors.
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INTRODUCTION

Kawasaki disease (KD) is an acute self-limiting inflammatory
disease involving medium-sized arteries and occurring mostly in
children under the age of 4. Currently the disease is considered
one of the major causes of acquired heart disease in children in
developed countries and it is the second commonest systemic
vasculitis after Henoch-Schénlein purpura [1, 2]. The highest
incidence is reported in Japan and other countries of Far East
Asia and also in individuals of Asian origin who live in differ-
ent regions of the world [3]. If untreated, the disease results in
the occurrence of coronary artery abnormalities in the form of
aneurysms or dilatations. Before intravenous immunoglobulin
(IVIC) treatment was administered, the prevalence of coronary
complications in both Japanese and American populations had
been estimated at as much as 25% of patients [4, 5].

The implementation of treatment in the 1980s using
a high dose of immunoglobulins and acetylsalicylic acid de-
creased the risk of coronary artery abnormalities to 1-3% [6].
However, the following years brought observations related to
~20% resistance to treatment [7]. Consequently, researchers
started to search for other, more effective therapeutic methods
and tried to identify factors which might favour IVIG resist-
ance. As a result, a few scoring systems came into existence,
i.e. Kobayashi, Sano, and Egami [7-9]. The scoring systems
assess increased risk of unresponsiveness to IVIG treatment.
When these scores are used in the Japanese population, they
are characterised by high sensitivity and specificity.

The Kobayashi score (KS) is the most widely developed,
and it includes unfavourable prognostic factors, i.e. disease
symptoms occurring within four days, age < 12 months, hy-
ponatraemia, hypertransaminasaemia, high C-reactive protein
(CRP), low baseline platelet count, and a high percentage of
neutrophils. Unresponsiveness to therapy is related to an in-
creased risk of coronary artery abnormalities due to persistent
inflammation (Table 1).

Establishing a prognosis and thereby selecting a group
of children with an increased risk of coronary complications
due to unresponsiveness to the initial treatment offers the
possibility to introduce corticosteroids as early as in the initial
phase. The effectiveness of such an approach was reported by
Kobayashi etal. [10] in a multicentre prospective study done in
2012 on a group of several hundred children with an increased
risk of treatment resistance (> 5 KS). These authors reported
that the addition of corticosteroids statistically significantly
decreased the risk of aneurysms (3% vs. 23%, p < 0.0001).
However, in single studies related to populations other than
Japanese, the authors did not demonstrate high usefulness of
KS to assess the risk of resistance to KD treatment [11, 12].

The aim of the study is a retrospective analysis of clinical
and laboratory risk factors of resistance to IVIG treatment and
the occurrence of coronary artery aneurysms (CAAs), including
the verification of the usefulness of KS in a group of children
of Caucasian origin with KD treated in one clinical centre.
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Table 1. Kobayashi scoring system

Kobayashi scoring Points

< 4 days of disease 2
ALT > 100 U/L 1
<300 000 PLT 1
CRP > 10 mg/dL 1

Age < 12 months 2
Na < 133 mmol/L 2
> 80% neutrophils 2

Risk of IVIG resistance > 5 points

ALT — alanine aminotransferase; CRP — C-reactive protein; IVIG —
intravenous immunoglobulin; Na — sodium; PLT — platelet count

METHODS
We analysed the data records of patients with KD, who were
hospitalised from May 2003 to March 2016 at the Department
of Paediatrics, Paediatric Endocrinology, and Diabetes of the
Medical University of Silesia. The data were collected from
the archives of medical records of patients hospitalised at the
centre. The diagnosis of fully symptomatic KD was established
based on the diagnostic criteria of the American Heart As-
sociation. An incomplete syndrome was diagnosed with the
presence of a lower number of symptoms, absence of fever,
and elevated markers of inflammation with the presence of
coronary artery abnormalities such as dilatations or aneurysms.

All children were administered IVIG infusion in the
cumulative dose of 2 g/kg and acetylsalicylic acid at a dose
of 30-100 mg/kg in divided doses within 24 h after diagno-
sis. Resistance to IVIG was defined as the maintenance or
recurrence of fever > 36 h after IVIG administration.

Echocardiography was done by an experienced cardiolo-
gist in each child with confirmed KD, to assess the changes
in coronary arteries in accordance with the guidelines [13].

In all patients the available clinical and laboratory parameters
were analysed. The clinical parameters included age, time of
diagnosis, which was also the day of the initiation of treatment,
clinical symptoms typical of KD, the time of symptom occurrence
from fever onset, response to IVIG, and the diagnosis of coronary
artery complications. The laboratory parameters included in
KS were as follows: determination of alanine aminotransferase
(ALAT) activity, CRP concentration, sodium concentration, base-
line platelet count, and the percentage of neutrophils.

We analysed the influence of the above clinical and
laboratory parameters on the risk of IVIG resistance and the
occurrence of CAAs. As in the case of American and British
authors, we verified the usefulness of KS (= 4 would be indica-
tive of an increased risk of IVIG resistance) [11, 12].

Statistical analysis
For the purpose of the statistical analysis the following tests
were used: student’s t-test (with a separate variance estima-
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tion, when necessary), two-tailed Fisher exact test to assess the
differences of fractions, and logistic regression analysis. Dif-
ferences at the level of p < 0.05 were considered statistically
significant. Statistica for Windows v 12.0 (Stat Soft Inc. Tulsa,
OK, USA) was used for calculations.

RESULTS

Kawasaki disease was diagnosed in 73 patients, i.e. in
51 (70%) boys and 22 (30%) girls. All patients were of Cau-
casian origin. At the time of diagnosis, the age of patients was
1.5-135 months (median age 26 months). The number of
patients < 12 months of age was 16 (22%) and < 60 months
of age was 62 (85%). The male-to-female ratio was 2.3:1. Six-
teen (22%) children were admitted to our centre after day
10 of the disease.

Sixty-five (89%) children responded to the treatment.
We observed resolution of fever and clinical symptoms and
normalisation of inflammatory markers (two patients were
treated at the Department of Paediatric Cardiology due to
CAAs before the implementation of treatment, diagnosed
after day 10 of the disease). However, in eight (11%) patients
recurrence of fever was observed with persistently elevated
inflammatory markers. Five of these patients were adminis-
tered another IVIG infusion, and one patient was given IVIG
and methylprednisolone/prednisolone at a dose of 1T mg/kg. All
patients responded well to the second-line treatment except
for one child who developed haemophagocytic syndrome.
The presence of aneurysms and coronary artery dilatations
was diagnosed in 13 (17.8%) patients.

The application of KS

Analysing all patients based on KS, we noted a maximum
number of 8 points (in three patients). Of 73 patients, 21 (29%)
children were assessed > 4 points. Of these children, only four
(19.1%) did not respond adequately to standard treatment.
However, of the remaining 52 (71%) patients who did not
fulfil the criteria for risk of IVIG resistance based on KS (< 4),
recurrence of fever was reported in four (7.7%) cases after
the first infusion. This difference was not statistically signifi-
cant (p = 0.22). No significant differences in the prevalence
of unresponsiveness to IVIG treatment were found when
different cut-off points were adopted in KS (1-8: p = 1;
p=1,p=071,p=022;p=1,p=058,p=1,p=1,
respectively).

In relation to the risk of aneurysms, as in the case of IVIG
resistance, no statistically significant differences were found
regarding the prevalence of aneurysms in groups > 4 KS
and < 4KS(2,9.5%, and 11, 21.6%, respectively; p = 0.32).
As in the case of IVIG resistance when different cut-off points
were adopted in KS, no significant differences between groups
were observed (1-8: p = 0.44; p = 0.76; p = 0.06; p = 0.32;
p=0.27;,p=0.67; p=0.57; p = 1.0, respectively).

In one (12.5%) patient with IVIG resistance, the presence
of aneurysms was simultaneously confirmed. Aneurysms oc-
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curred in 12 (18.5%) patients among the remaining group
(responding to IVIG). No significant difference was observed
between these groups (p = 1.0).

Analysis of the influence of all clinical and
laboratory parameters (independently of KS)

on the risk of IVIG resistance and/or CAAs
The duration of fever was the only statistically significant
difference between children who were IVIG resistant and
the group of children with a good response to therapy
(13.0 vs. 9.2 days, respectively; p = 0.04). However, com-
pared to patients with no coronary complications, the group
of children diagnosed with CAAs was characterised by later
diagnosis (13.8 vs. 8.1 days, p < 0.001), a lower number of
symptoms (3.4 vs. 4.3, p = 0.02), and a higher baseline plate-
let count (586.5 vs. 431.1 G/L, p = 0.018). A higher maximal
platelet count at the follow-up was on the border of statistical
significance (850.1 vs. 686.5 G/L, p = 0.09).

Analysing the influence of all the clinical variables us-
ing logistic regression analysis, only the day of diagnosis (in
the majority of cases it was also the day of the beginning of
treatment) were the number of symptoms and the maximal
platelet count at follow-up significant for prediction of CAAs
(p = 0.001; p = 0.019 and p = 0.026, respectively). Each
day of delay in diagnosis increased the risk of aneurysms (odds
ratio [OR] 1.55; 95% confidence interval [Cl] 1.20-2.02). With
each increase in the maximal platelet count by 100 G/L, an
increase in the risk of aneurysm was also reported (OR 1.67,
95% Cl 1.07-2.62). However, with each additional symptom
of the disease, the OR for the occurrence of aneurysms de-
creased significantly (OR 0.34, 95% Cl 0.14-0.83).

The following logistic regression equation was ob-
tained: logit P = 6.00 (* 2.58) — 0.44 (= 0.13)*day of
diagnosis + 1.01 (= 0.45)*number of symptoms — 0.51 (*
0.22)*platelet count max, where P is the probability of the
non-occurrence of aneurysms; equation coefficients given
with adequate standard errors.

Receiver operating characteristic (ROC) curve analysis
was performed (Fig. 1) after attributing the probability of the
development of CAAs to each patient (see the above equation).

Among the patients with p > 0.9 (46), aneurysms were
not detected in any of the children (sensitivity 100%, speci-
ficity 78%, accuracy 82%); for the cut-off point 0.69 the test
reached the sensitivity of 85%, specificity 90%, accuracy
88.8%; in all children with p < 0.15 the presence of an-
eurysms was confirmed (specificity 100%, sensitivity 38%,
accuracy 88.8%).

None of the measured clinical parameters was significant
in terms of the influence on the treatment response in the
logistic regression analysis.

DISCUSSION
Seventy-three patients with KD were hospitalised during
a 13-year follow-up. The incidence in Europe and among
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Figure 1. Receiver operating characteristic (ROC) curve de-
monstrating the properties of the proposed test classifying the
probability of the occurrence of coronary artery aneurysms in
patients with Kobayashi scoring

the Caucasians is significantly lower as compared to the
epidemiological data from Japan, where it is estimated to
be 8/100,000 in Europe in children < five years of age and
265/100,000 in Japan [1, 3]. Our material confirms higher
incidence in children < 60 months of age (85% of patients,
median age 26 months), which is consistent with American
observations (24-26 months) [2]. Our study also confirms
a preponderance of male over female patients (2.3:1).

Immunoglobulin infusion at the recommended dose did
not result in resolution of fever in 11% of hospitalised children.
However, only in one of these patients did CAAs develop in
the further disease course (1 point in KS). In our study group
the prevalence of IVIG resistance confirms the data from the
literature. In the majority of cases patients presented with
disease recurrence or even no resolution of fever after the
first IVIG infusion [14-16]. Single observations indicated
a significantly higher risk of unresponsiveness to treatment,
periodically exceeding 30% [17].

Coronary artery abnormalities in the form of dilatations
or aneurysms were observed in 17.8% of patients. A rela-
tively late time of diagnosis probably influenced a significant
number of complications. In 22% of patients the diagnosis
was established after day 10 from fever onset, and in 50% of
these cases CAAs had already been diagnosed on admission.
Recently some improvement has been noticed in the detec-
tion of KD. Consequently, children are referred to our centre
more quickly even with an incomplete form of the disease.
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Data analysis of our patients in relation to the usefulness
of KS to assess the risk of treatment resistance (scoring > 4 as
a factor of an increased risk of resistance) demonstrated that
21 (29%) of these patients fulfil the criteria for IVIG resistance
[11, 12]. In fact, only four of these patients did not respond
to IVIG therapy, although none of the patients developed
coronary artery abnormalities. Our analysis confirmed that the
risk of IVIG resistance was not significantly different between
the group of children with > 4 scoring results and the group
with a lower score (KS). It indicates poor usefulness of KS
in relation to the prediction of risk of inadequate treatment
response in terms of our patient population. Additionally, we
did not find a significant difference in relation to the response
to IVIG therapy even when any other cut-off point in KS was
considered. American and British researchers presented simi-
lar observations concerning the application of the scoring scale
as a predictor of response to IVIG therapy [11, 12]. Sleeper
et al. [11] in a prospective randomised study on a group of
99 patients with KD demonstrated high specificity (85-87%)
but low sensitivity (33-42%) of Japanese scoring systems in
the assessment of the risk of IVIG resistance in relation to the
North American population (14% of subjects were of Asian
origin) [11]. The Egami score was also of little usefulness in
the prediction of the risk of resistance in relation to the San
Diego population [17]. However, a retrospective assessment
of KD patients hospitalised in the United Kingdom, which was
based on KS, demonstrated both low sensitivity (58%) and
specificity (33%) in predicting immunoglobulin resistance [12].

In the case of our study, the use of KS did not have practi-
cal application in the context of predicting the occurrence of
CAAs, which is consistent with American and British reports
[11,12].

The availability of the clinical data and the laboratory
examination results allowed further analysis in the search for
markers useful in everyday clinical practice. In fact, CAAs were
related to late diagnosis and a lower number of symptoms. It
should be stressed that both these parameters (time of diag-
nosis, number of symptoms), though logically correlated, have
asignificant influence independently of each other. Observa-
tion of higher baseline and maximal platelet count at the time
of hospitalisation as a factor increasing the risk of coronary
lesions is interesting. Each delay in establishing diagnosis,
each increase in the maximal platelet count by 100 G/L, and
each additional symptom are related to the OR of the occur-
rence of aneurysms by 1.5, 1.67, and 0.34, respectively. The
logistic regression equation was formed to assess the vascular
risk. Patients with the probability of > 0.9 did not present
with aneurysms (sensitivity 100%, specificity 78%, accuracy
82%). However, in all patients with p < 0.15 the presence
of aneurysms was confirmed.

Duration of fever was the most significant and the only
parameter in the case of response to IVIG therapy. Duration
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of fever was significantly longer in children unresponsive to
treatment, which was obviously a result of late diagnosis and
consequently late implementation of treatment.

Based on the previous observations, it is difficult for us to
recommend the use of corticosteroids in the treatment of KD
in our population. Neither American nor European guidelines
have recommended corticosteroids as the first-line treatment
[1, 2. Only one of our patients was given second IVIG therapy
in addition to corticosteroids due to the recurrence of fever
and persistently elevated markers of inflammation after the
firstinfusion. The second IVIG therapy resulted in good clinical
effect. In a six-month follow-up the patient did not develop
coronary complications. However, the recent literature data
are not promising. Sleeper et al. [11] did not demonstrate
benefits of corticosteroid therapy in decreasing the risk of
coronary complications.

CONCLUSIONS

Attempts to search for markers of the prediction of the risk
of treatment resistance and the occurrence of coronary
artery complications in patients with KD are fully substanti-
ated. The consequences of KD are grave and carry a burden
throughout life in the case of our patients. Despite certain
limitations (retrospective study, small sample of patients, late
hospitalisation/diagnosis), our study confirms the reports of
other centres analysing patients mainly of Caucasian origin
[11, 12]. It seems that a high sensitivity and specificity of KS
may be adequate only in the case of the Japanese popula-
tion [7, 10]. It is possible that such different observations and
experience may be the result of a late diagnosis, which, in
turn, may be caused by much less frequent occurrence of KD
in the European population and consequently less experience
of medical health workers related to this issue.
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in the translation of the manuscript.
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Streszczenie

Wstep: W chorobie Kawasaki (KD) pomimo wtasciwego leczenia istnieje ryzyko immunoglobulinoopornosci. Skala Kobayashi
jest stosowana w przewidywaniu braku odpowiedzi na terapie, choc jej uzytecznos¢ w populacjach innych niz azjatycka
wydaje sie dyskusyjna.

Cel: Celem pracy byta analiza parametréw klinicznych i laboratoryjnych predysponujacych do immunoglobulinoopornosci
i powikfan kardiologicznych u dzieci hospitalizowanych z powodu KD.

Metody: W badaniu uwzgledniono dane dzieci hospitalizowanych z powodu KD w latach 2003-2016. Analizowano para-
metry kliniczne i laboratoryjne, w tym wszystkie uwzgledniane w skali Kobayashi, w aspekcie ryzyka opornosci na dozylne
immuboglobuliny (IVIG) i powstania powikfain wieficowych pod postacia tetniakow lub poszerzeri naczyn.

Wyniki: Hospitalizowano 73 dzieci z KD (51 chtopcéw) w wieku od 1,5 do 135 miesiecy. U 8 (11%) zaobserwowano opor-
nos¢ na IVIG. Tetniaki lub poszerzenia naczyr wieficowych stwierdzono u 13 (17,8%) dzieci. Kryterium zwiekszonego ryzyka
opornosci na IVIG wg skali Kobayashi (> 4 pkt) spetniato 21 (29%) dzieci. Opornos¢ na IVIG i powiktania kardiologiczne
prezentowato odpowiednio 4 (19.1%) i 2 (9.5%) dzieci z punktacja > 4 oraz 4 (7.7%) i 11 (21.6%) pacjentéw z grupy z punkta-
cja < 4 w skali Kobayashi. Czestos¢ opornosci na IVIG oraz powiktai w naczyniach wieficowych nie réznita sie miedzy grupa
z > 4 pkt. a grupa z < 4 pkt. (odpowiednio, p = 0,22 i p = 0,32). Potwierdzono wyzsze ryzyko opornosci na IVIG u dzieci
dtuzej goraczkujacych (13,0 dnia z opornoscia na IVIG vs. 9,2 dnia z dobra odpowiedzia na IVIG; p = 0,04). Dla predykgji
wystapienia tetniakow w naczyniach wieficowych istotne znaczenie miaty: dzien ustalenia rozpoznania (najczesciej tez dzien
rozpoczecia leczenia), liczba objawéw i maksymalna liczba ptytek krwi (odpowiednio, p = 0,001; p = 0,019 i p = 0,026).
Whioski: U badanej populacji nie wykazano przydatnosci skali Kobayashi do przewidywania opornosci na IVIG i ryzyka
pojawienia sie tetniakéw naczyr wieficowych, natomiast niezaleznymi czynnikiem ryzyka pozostaje dfugo utrzymujaca sie
goraczka i p6zno postawiona diagnoza, skapoobjawowy przebieg choroby oraz wysoka liczba ptytek w trakcie obserwaciji.
Stowa kluczowe: choroba Kawasaki, skala Kobayashi, immunoglobulinoopornos¢, tetniaki naczyn wieficowych
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