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and treatment in incomplete KD can be delayed due to the 
absence of major criteria. Age, duration of symptoms prior 
hospitalization and platelet count were identified as inde-
pendent predictors of CAA development.
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Introduction

Kawasaki disease (KD) is an acute systemic inflammatory 
disease and the leading cause of acquired heart disease 
among children in developed countries. Systemic vasculitis 
predominantly affects coronary arteries resulting in coro-
nary artery aneurysm (CAA) development in up to 20 %, 
myocardial infarction in 5 % and sudden death in up to 1 % 
of previously healthy children [1, 2].

The diagnosis is based on clinical criteria established by 
the American Heart Association (AHA) in 2004 [3]. Com-
plete KD is defined by fever longer than 5 days and the 
presence of ≥4 of the 5 principal clinical features (bilateral 
conjunctival injection, cervical lymphadenopathy, poly-
morphous skin rash, changes on the lips or oral mucosa, 
and changes in the distal extremities) [3]. The presenta-
tion of KD is incomplete/atypical in approximately 20 % 
of patients, thus representing a significant diagnostic chal-
lenge [4]. This is of particular relevance since the early 
anti-inflammatory treatment with intravenous immunoglob-
ulin (IVIG) reduces the risk for CAA. 20 % of patients who 
develop CAA will develop coronary artery stenosis and 
may subsequently require invasive cardiac treatment [3].

The majority of clinical studies are reported from Asian 
countries. Due to the significant differences in genetic 
susceptibility and clinical manifestations, those are not 
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necessarily reflecting the clinical impact in European popu-
lation. Here we provide the first description of clinical pro-
files of children diagnosed with KD, treated in a tertiary-
care medical center in Croatia.

Patients and methods

Study design and population

A retrospective, cross-sectional study of KD patients 
admitted to the University Hospital for Infectious Diseases 
(UHID) in Zagreb, Croatia in the period from January 2003 
to December 2012 was performed. We reviewed laboratory 
and clinical data of 117 patients with a clinical diagnosis of 
KD, according to AHA recommendations [3]. Six patients 
were excluded from the study due to incomplete medical 
records. The study was fully compliant with all provisions 
of the Declaration of Helsinki and was approved by the 
Hospital Ethics Committee.

Data collection

The epidemiologic, clinical, and laboratory characteris-
tics were evaluated. Echocardiographic examination was 
performed prior to IVIG treatment and at discharge. The 
echocardiographic diagnosis of CAA was made by meas-
uring the greatest luminal diameter of the coronary artery 
and comparing the value to the value derived using age-
matched controls [3]. Patients were treated with IVIG, 2 g/
kg in a single infusion over 10–12 h along with aspirin 
(ASA) 80–100 mg/kg/day. Once fever was controlled for at 
least 48 h, the aspirin dose was reduced to 3–5 mg/kg per 
day.

Statistical analysis

Statistical analysis was performed by using the Prism (ver 
5.0) statistical software (GraphPad Software, San Diego, 
CA) and MedCalc for Windows®, ver 11.5.1.0 (Med-
Calc Software, Mariakerke, Belgium). The demographic, 
clinical and laboratory data were evaluated and presented 
descriptively. The Fisher’s exact test and Mann–Whitney U 
test were used to compare the groups, as appropriate. All 
tests were two-tailed; a p < 0.05 was considered statisti-
cally significant. Binary logistic regression analysis was 
used to assess the independent predictors of CAA develop-
ment. All predictors were entered in a backward stepwise 
logistic regression model. Statistically non-significant 
predictors were progressively excluded based on a likeli-
hood ratio test. The strength of association was expressed 
as odds ratio (OR) and its corresponding 95 % confidence 
interval (CI).

Results

During the 10-year period, data from 111 KD patients were 
eligible for analysis. The number of hospitalized patients 
varied during the studied period, as shown in Fig. 1. No 
seasonal trends were observed. However, we noticed a 
clear increasing trend of incomplete KD cases.

Patients’ demographic and clinical characteristics

The study included 70 boys (63 %) and 41 girls (37 %); 
male to female ratio 1.7:1. Patients’ age at the time of diag-
nosis ranged from 45 days to 14 years (median 27 months, 
IQR 12–50 months). No significant difference in age at 
presentation (p = 0.9527) was found between girls and 
boys. No child had a family history of KD. The majority of 
patients were admitted on the 5th day of disease (IQR 3–7). 
The diagnostic criteria for complete KD were fulfilled in 78 
(70.3 %) patients, whereas 33 (29.7 %) were considered as 
incomplete cases. A comparative analysis of demographic 
and clinical characteristics of children with complete and 
incomplete KD is shown in Table 1.

Overall, 110 (99.1 %) patients had fever lasting 
≥5 days; reaching its maximal values (median: 39.6 °C; 
IQR 39.1–40.0 °C) on the 5th day (4–6.5) of illness. In the 
incomplete KD group, 20 patients (60.6 %) fulfilled three 
and 13 (39.4 %) patients had two major diagnostic crite-
ria. Regarding typical clinical findings, patients with com-
plete form of disease had more often changes on the lips 
and in the oral cavity (p = 0.0001), changes on extremities 
(p = 0.0207) and exanthema (p = 0.0192). Importantly, 
fever duration prior to diagnosis was significantly longer in 
incomplete than in complete KD group (8, IQR 6–10 vs. 7, 
IQR 5–8 days, respectively, p = 0.0049).

Laboratory findings

The majority of patients had increased inflammatory 
markers. 108 patients (97.3 %) had elevated CRP and 

Fig. 1  Number of complete and incomplete KD cases hospitalized at 
the University Hospital for Infectious Diseases in Zagreb, Croatia per 
year
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105 (94.6 %) ESR values. At the time of admission, 54 
(48.6 %) patients had thrombocytosis and three were 
thrombocytopenic (2.7 %). Importantly, 37 patients (of 89; 
41.6 %) had thrombocytosis adjusted for age in the first 
week of disease. In the second week of illness, 80 patients 
(72.1 %) developed thrombocytosis (546 × 109/L, IQR 
423–714 × 109/L).

A total of 65 patients (58 %) had abnormal values of 
ALT and 46 (41.4 %) of AST. Comparison between patients 
with complete and incomplete KD showed a statistically 

significant difference in bilirubin level, AST, ALT, GGT 
and LDH (Table 2).

Treatment response

A total of 108 patients (97.3 %) were treated with IVIG. 
The median day of IVIG administration was the 7th day 
(IQR 6–9) of disease for patients with complete KD and the 
8th (IQR 7–10) for those with incomplete KD, representing 
significant one-day delay (p = 0.0157). ASA was given to 

Table 1  Clinical characteristics of children with complete and incomplete Kawasaki disease (KD), 2003–2012

Bold values are statistically significant (p < 0.05)
a Macular 63.0 %, papular 32.9 %, morbilliform 2.8 %, scarlet-like 42.4 %, urticarial 5.5 %, erythematous 5.5 %, target-lesions 2.8 %, petechial 
1.4 %, polymorphous 16.4 %
†  Fisher’s exact test and Mann–Whitney U test were used to compare the groups, as appropriate

Characteristic Study population (n = 111) Complete KD (n = 78) Incomplete KD (n = 33) p value†

Age, months (median, IQR) 27 (12–50) 27.5 (11.8–48.0) 26 (11.75–56.0) 0.9552

Boys (n, %) 70 (63.06) 49 (68.2) 21 (63.64) 1.0000

Major diagnostic criteria (n, %)

Fever ≥5 days 110 (99.1) 77 (98.72) 33 (100) 1.0000

Conjunctival injection 98 (99.29) 72 (92.31) 26 (78.79) 0.0557

Lips and oral cavity changes 95 (88.29) 74 (94.87) 21 (63.64) 0.0001

Cervical lymphadenopathy 43 (38.74) 34 (43.59) 9 (27.27) 0.1368

Changes on extremities 79 (71.17) 61 (78.21) 18 (54.55) 0.0207

Rasha 98 (88.29) 73 (93.59) 25 (75.76) 0.0192

Additional diagnostic criteria (n, %)

Gallbladder hydrops 21 (25.61) 14 (25.45) 7 (25.93) 1.0000

Aseptic meningitis 28 (25.22) 20 (25.64) 8 (24.24) 1.0000

Sterile pyuria 41 (36.94) 32 (41.03) 9 (27.27) 0.2009

BCG-reactivation 10 (9.01) 8 (10.26) 2 (6.06) 0.7203

Time of diagnosis, days (median, IQR) 7 (6–9) 7 (5–8) 8 (6–10) 0.0049

Table 2  Laboratory findings in 
patients with complete versus 
incomplete Kawasaki disease 
(KD)

Bold values are statistically 
significant (p < 0.05)
a 44 patients had sinus 
tachycardia, 5 nonspecific 
atrial repolarization changes, 8 
depolarization disturbances
b Chest X–ray was performed 
in 91 patients; of 14 patients 
with abnormal findings 2 
had enlarged heart shadow, 
9 had pulmonary infiltrates 
(3 alveolar, 3 interstitial 
and 3 peribronchial), 2 had 
hilovascular hyperemia, and 1 
had pleural effusion)

Laboratory parameter Complete KD (n = 78) Incomplete KD (n = 33) p value

ESR, mm/h 60 (40.5–85.0) 70.0 (31.5–92.5) 0.8265

CRP, mg/L 81.5 (45.9–125.6) 71.3 (23.95–108.7) 0.1959

Fibrinogen, g/L 6.57 (5.00–8.31) 6.8 (5.45–8.35) 0.7344

ANC, ×109/L 10.49 (6.96–14.19) 7.58 (5.74–9.54) 0.0100

Platelets (at admission), ×109/L 407.0 (328.0–475.5) 350.0 (267.0–496.0) 0.1103

Platelets, ×109/L (peak) 704.5 (521.5–855.8) 638.0 (496.8–834.8) 0.8275

Bilirubin, μmol/L 11.45 (8.00–28.88) 7.5 (5.6–9.5) 0.0013

AST, U/L 41.0 (26.50–107.5) 33.0 (23.0–69.0) 0.0177

ALT, U/L 85.0 (21.0–171.0) 24.0 (16.0–76.5) 0.0015

GGT, U/L 90.0 (25.5–163.3) 29.0 (15.0–79.5) 0.0109

LDH, U/L 287.5 (249.0–457.5) 257.0 (223.0–312.5) 0.0138

Pyuria, >5 neutrophils/mm3 32 (41.03%) 9 (27.27%) 0.2009

Proteinuria, >0.5 g/L 30 (38.46%) 11 (33.33%) 0.6711

Abnormal ECGa 43 (55.13%) 14 (42.42%) 0.2990

Abnormal radiological findingsb 7 (10.9%) 7 (25.9%) 0.1088
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all children (100 %). In seven children (6.3 %) fever did not 
resolve after the 1st IVIG, so the second dose was admin-
istered. After the second dose, fever resolved in all seven 
non-reactors. During the one-year follow up period, no 
mortality or recurrence were observed.

Cardiovascular complications and coronary aneurysm 
development

Cardiovascular complications were reported in 16 children 
(14.4 %); CAA in seven children (6.3 %; three in incom-
plete and four in complete group); pericarditis in 6 (5.4 %), 
myocarditis in 5 (4.5 %); congestive heart failure in 4 
(3.6 %) and valvular regurgitation in 3 (2.7 %) patients. 
The prevalence of CAA was higher in incomplete (n = 3, 
9.1 %) than complete form of KD (n = 4, 5.1 %).

Other significant findings reported were hydrops of the 
gallbladder in 21 cases (18.9 %) and aseptic meningitis 
in 28 cases (25.2 %). Nine children were admitted to the 
intensive care unit: five due to sepsis-like illness, three had 
cardiac failure and one was pancytopenic.

Identification of factors associated with CAA development

In multivariate analysis, none of the clinical signs were 
associated with CAA development. To explore continuous 
variables in the multivariable model, we dichotomized them 
at the following values: age <6 months, duration of fever 
before hospitalization <6 days, admission platelets >568, 
thrombocytes in the 2nd week ≥771 or serum sodium <136. 
In the final multivariable model, duration of fever before 
hospital admission >6 days, age ≤6 months and thrombo-
cytosis ≥711 in the second week of disease were indepen-
dently associated with CAA development (Table 3).

Disease presentation in young infants

Since infants ≤6 months represented 57.1 % of patients 
with CAA, we compared their characteristics with 
those of patients >6 months of age. There was no differ-
ence in disease form, duration of symptoms or degree of 
fever observed. Only 30.7 % of young infants had rash, 

compared with 90 % in older children (p = 0.0075). Inter-
estingly, young infants had higher degree of thrombocyto-
sis at admission (450 × 109/L vs. 379 × 109/L, p = 0053), 
in the 2nd week (709 × 109/L vs. 535 × 109/L, p = 0.0012) 
and peak thrombocyte count (860 × 109/L vs. 630 × 109/L, 
p = 0.0004), as compared to older counterparts. Fur-
thermore, they were less likely to have elevated AST 
(7.7 vs. 45.9 %, p = 0.0137) and ALT (15.4 vs. 64.3 %, 
p = 0.0016) levels for their age.

Discussion

In the last decades, an increase in the prevalence of KD 
has been observed [5]. In Croatia there is no centralized 
reporting system for KD patients. Since our hospital serves 
as a referral center for all pediatric cases with presump-
tive infective etiology, the majority of KD cases are treated 
there. In the studied period, no significant changes in the 
number of KD cases were observed. While similar trends 
were published by authors from the Northern European 
countries, the incidence rates continuously rise in Asia, 
USA and the Western Europe [5, 6]. While seasonal fluc-
tuations with high numbers in winter and low numbers in 
late summer and fall were reported in the Northern Hemi-
sphere, in Croatia KD occurred equally throughout the 
whole year [7].

We noticed an increasing trend of diagnosing incom-
plete KD cases, which is higher than the 10–18 % reported 
in earlier studies [8–10]. This likely reflects both improved 
ascertainment after revision of diagnostic guidelines and a 
real increase in disease burden [8]. In Croatia, age and gen-
der distribution mirrors that of other European populations. 
Importantly, children in European cohorts are significantly 
older than in Asia, but younger than those reported from 
Australia or USA, thus highlighting geographical differ-
ences in disease presentation [5, 6, 8, 10, 11].

Regarding clinical and laboratory risk factors for the 
development of CAA in patients with KD, we found that 
higher values of platelet count, age ≤6 months and hospi-
tal admission >6 days were significantly related to CAA. 
Previous studies show inconsistency in identification of 

Table 3  Multivariable analysis of epidemiological, clinical and laboratory findings of patients with KD as risk factors for the development CAA

a Statistically non-significant predictors such as male sex, serum sodium <136, admission platelets >568, CRP >81, and presence of major clini-
cal criteria were progressively excluded from the model. The area under the ROC-curve in the fully adjusted binary logistic regression model 
was 0.897, which indicates a good discriminatory accuracy

Variablea Adjusted odds ratio 95 % confidence interval p value

Duration of symptoms before admission >6 days 7.16 1.51–100.35 0.0143

Age ≤6 months 25.86 1.58–398.35 0.0197

Thrombocytosis after 1st week ≥771 × 109 13.33 2.19–80.87 0.0049
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risk factors. Nevertheless, longer duration of fever prior 
to treatment, low serum albumin, age <1 year or >5 years 
and IVIG resistance are frequently reported as predictors of 
cardiovascular sequelae [12–16].

In our study, we did not find longer duration of fever 
as a predictor of CAA. This is probably due to the dif-
ference in the timing of IVIG administration. 86 % of 
studied patients received IVIG ≤10th day of disease, the 
time period in which IVIG administration significantly 
reduces the risk of CAA [3, 17]. Our practice is to admin-
ister IVIG to all patients, even if the interval is >10 days. 
However, the IVIG non-responder rate was significantly 
lower (6.8 %) than previously reported (10–25 %) [3, 18, 
19].

Although thrombocytosis is a well-known laboratory 
marker of KD, the association with CAA development 
was not consistently reported; while the majority of stud-
ies showed no association, some recognized both thrombo-
cytopenia and marked thrombocytosis as CAA predictors 
[20, 21]. Although the exact mechanism of thrombocytosis 
remains unknown, it is suggested that acute inflammatory 
response through elevated thrombopoietin levels drives 
thrombocytopoesis [22]. Here we suggested that platelets 
≥771 in the 2nd week might serve as an additional predic-
tor of CAA development.

Although infants ≤6 months represented the major-
ity of patients with CAA in our study, this was not related 
with incomplete presentation, late diagnosis or treatment, 
elevated laboratory markers of inflammation, bilirubin, 
albumin or sodium levels, as previously reported [23, 24]. 
Instead, young infants had more pronounced thrombocy-
tosis, which might reflect higher degree of inflammatory 
response [22].

Contradictory results regarding the development of 
CAA in incomplete KD have been reported. Incomplete 
KD is considered to be associated with higher risk of devel-
oping CAA due to the diagnosis and treatment delay [24, 
25]. In the present study we did not find any difference in 
CAA incidence between complete and incomplete KD, 
despite the one-day delay in IVIG administration. Those 
groups seem to differ just in the number of signs and symp-
toms and have similar laboratory findings, except ami-
notranspherase levels.

The main limitations of this study include its retro-
spective design of data collection and a limited number of 
patients with CAA, as compared to Japanese and American 
studies. Therefore, a detailed subgroup analysis was not 
possible and cause–effect relationships could not have been 
determined. Nevertheless, in this study we analyzed a rela-
tively large cohort of KD patients in Europe and provided 
the first report of KD in Croatia.

In conclusion, our findings highlight the absence of a 
uniform pattern of disease presentation and the need for 

better biomarkers to predict CAA development. Special 
consideration should be given to early recognition, espe-
cially in children <6 months and in patients with throm-
bocytosis that might suggest a more severe course of the 
disease.
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