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Abstract

Background: Although many clinical features that are not typically included in the diagnostic
criteria for Kawasaki disease, such as gall bladder hydrops, are known to occur with Kawasaki
disease, splenomegaly is not concerned. We investigated the relationship of splenomegaly
with the development of coronary artery lesions in Kawasaki disease. Methods and
results: This retrospective descriptive study was conducted through a review of medical
records of children with Kawasaki disease from March 2011 to February 2017. We analysed
information regarding clinical presentation, treatment, hospital stay, and outcome. A total of
396 patients during this 6-year period met the enrolment criteria. Of these, 77 (23.4%)
underwent abdominal ultrasonography during the treatment period. The patients included 46
males and 31 females with an average age of 35.8 +26.1 months. Gallbladder hydrops were
detected in 32 patients, and acute acalculous cholecystitis was not found. Splenomegaly was
detected in 21 patients. Kawasaki disease patients with gallbladder hydrops had no statistical
difference in clinical or laboratory findings or in development of coronary artery lesions
compared to patients without gallbladder hydrops. However, patients with splenomegaly
belonged more to incomplete Kawasaki disease, had longer fever duration, had more frequent
cervical lymphadenopathy and polymorphous rash, had higher neutrophil percentage,
N-terminal fragment of pro-brain natriuretic peptide, and alanine aminotransferase levels,
and a higher incidence of coronary artery lesions than patients without splenomegaly.
Conclusion: Splenomegaly belongs to incomplete Kawasaki disease patients mainly with a
higher incidence of coronary artery lesions than that of patients without it.

Kawasaki disease is an acute febrile vasculitis that predominantly affects children under
5 years of age."” In particular, Kawasaki disease in infants younger than 6 months often has
incomplete presentation with transient or subtle signs and symptoms, and these infants have a
high risk for developing coronary artery lesions.” Although most important long-term
sequelae of Kawasaki disease are confined to the coronary arteries, multiple other organs are
inflamed during the acute state and cause various clinical symptoms.> A wide range of other
clinical features that are not included in the diagnostic criteria such as extreme irritability
exceeding that observed in other febrile illnesses, aseptic meningitis, transient unilateral
peripheral facial nerve palsy, uveitis, urethritis, arthralgia, arthritis, abdominal pain, hepatitis,
heart failure, and gallbladder hydrops have been widely recognised as being correlated with
Kawasaki disease.”® However, there is less number of works related to splenomegaly in
Kawasaki disease in the literature, outside of one outdated study’ and one study that described
an adult Kawasaki disease patient case with splenomegaly.® Moreover, the adult Kawasaki
disease study did not describe the clinical importance of splenomegaly in Kawasaki disease.®
The purpose of this study was to summarise the clinical features of Kawasaki disease with
gallbladder hydrops and splenomegaly among patients who underwent abdominal ultra-
sonography and to investigate the relationship of gallbladder hydrops or splenomegaly with
coronary artery lesions development.

We retrospectively reviewed the records of patients who were discharged from Samsung
Changwon Hospital with a diagnosis of Kawasaki disease between March 2011 and February
2017. The patients who were referred for only echocardiography after treatment of Kawasaki
disease at another hospital were excluded because we could not verify the laboratory results.
Patients who did not follow-up after discharge for any cause were also excluded. According to
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the 2017 American Heart Association guidelines for the diagnosis of
Kawasaki disease, classic or complete Kawasaki disease was diagnosed
in the presence of fever for at least 5 days — the day of fever onset is
taken to be the first day of fever - together with at least four of the
five following principal clinical features that include erythema and
cracking of lips, strawberry tongue, and/or erythema of oral and
pharyngeal mucosa; bilateral bulbar conjunctival injection without
exudate; maculopapular, diffuse erythroderma, or erythema
multiforme-like rash; erythema and oedema of the hands and feet in
the acute phase and/or periungual desquamation in the subacute
phase; and cervical lymphadenopathy >1.5cm in diameter, usually
unilateral. In addition, an exclusion of alternative diagnoses must be
verified.” Even if a patient did not perfectly meet the clinical criteria,
incomplete Kawasaki disease is often diagnosed in any infant or child
with prolonged unexplained fever, fewer than four of the principal
clinical findings, and compatible laboratory or echocardiographic
findings.” To date, there is no definite diagnostic laboratory test for
Kawasaki disease, therefore, the diagnosis of incomplete Kawasaki
disease should be made only when other infectious diseases
mimicking Kawasaki disease are ruled out. To rule out the possibility
of patients with other infectious diseases being included in the study
population, we excluded the patients with proven infections, such as
Epstein Barr virus, adenovirus, and measles.” According to the
guidelines, an echocardiogram is considered positive if any of the
three following conditions are met: z-score of left anterior descending
coronary artery or right coronary artery >2.5; coronary artery
aneurysm is observed; or > 3 other suggestive features exist, including
decreased left ventricular function, mitral regurgitation, pericardial
effusion, or z-score in the left anterior descending coronary artery or
right coronary artery of 2-2.5.2

Patient clinical characteristics and past history, laboratory results,
results of ultrasonography, response to intravenous immunoglobulin,
length of hospital stay, and development of coronary artery lesions
were reviewed and compared according to the type of Kawasaki
disease, whether complete Kawasaki disease versus incomplete
Kawasaki disease, presence of gallbladder hydrops, and presence of
splenomegaly between groups using an independent Student’s t-test or
Pearson’s y’-test. All statistical analyses were performed with IBM
SPSS v. 21.0 software (IBM Inc., Chicago, IL, USA). All p-values <0.05
were considered statistically significant, and all parameters are
expressed as mean + SD. The spleen was measured in the longitudinal
coronal view by experienced radiologist. The maximal distance
between the most supero-medial and infero-lateral points are taken as
the spleen length.” There are only less studies for normal spleen size in
the infant and young children. We defined splenomegaly when the
mean spleen length of those were 6.0cm at 3 months, 6.5cm at
6 months, 7.0 cm at 12 months, 8.0cm at 2 years, 9.0cm at 4 years,
9.5cm at 6 years, 10.0cm at 8 years, 11.0cm at 10 years, 11.5cm at
12 years, and 12.0cm at 15 years or older for girls, and 13.0cm at
15 years or older for boys by an earlier report."” Approval of this
retrospective study was obtained from the Institutional Review Board
of our institution (2017-11-013).

From March 2011 to February 2017, a total of 417 children were
diagnosed with Kawasaki disease. Because of echocardiographic
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follow-up loss, 21 patients were excluded, leaving a total of 396
patients during this 6-year period. Of these, 77 (23.4%) under-
went abdominal ultrasonography during the treatment period
and were enrolled for further analysis. The patients included
46 males and 31 females, and their average age was
35.8+26.1 months. A total of 28 patients (male:female =13:15)
belonged to the complete Kawasaki disease group, and 49 patients
(male:female =32:17) belonged to the incomplete Kawasaki
disease group.

Table 1 shows that the causes for performing ultrasonography
were dependent on various situations. There was no report related
to suspicious splenomegaly during physical examination. The
levels (IU/L) of aspartate aminotransferase and alanine amino-
transferase of patients with ultrasonography were 76.2 +34.6 and
68.7 +31.9, respectively, and those of patients without ultra-
sonography were 69.4 +34.7 and 67.6 +23.7. This result was not
shown at the table. The timing of ultrasonography was acute
phase of Kawasaki disease — 4.5 + 1.3 days after fever onset — and
the follow-up ultrasonography was performed in 68 among 77
cases (88.3%) in the subacute or convalescent phase of Kawasaki
disease — 11.3+3.2 days after fever onset. The hepatic enzyme
and bilirubin cut-off levels as to whether to perform ultra-
sonography were not determined in our hospital’s policy and
were decided according to clinical practice.

Gallbladder hydrops was detected in 32 patients, and acute
acalculous cholecystitis was not found, and no patients had
sonographic evidence of pancreatic pathology or intra/extra-
hepatic biliary tree dilatations. Splenomegaly was detected in 21
patients, where complete Kawasaki disease/incomplete Kawasaki
disease=3:18. The mean spleen length was 98.3 +22.7 mm.
Gallbladder hydrops and splenomegaly were not detected at the
same time in any patient. Tables 1 and 2 show the clinical and
laboratory findings according to the type of Kawasaki disease and
presence of splenomegaly, respectively.

Although there was no difference between the two groups in
regard to detection of gallbladder hydrops, however, the devel-
opment of coronary artery lesions and detection of splenomegaly
were greater in the incomplete Kawasaki disease group (Table 1).
When we analysed subjects with identified gallbladder hydrops,
there was no statistical difference in the clinical or laboratory
findings or development of coronary artery lesions except
younger age, more frequent cervical lymphadenopathy, and
higher neutrophil percentage in the gallbladder hydrops group.
However, there were several statistical differences in patients with
splenomegaly. They mostly belonged to incomplete Kawasaki
disease group, had longer fever duration, more frequent cervical
lymphadenopathy and polymorphous rash, higher neutrophil
percentage, higher N-terminal fragment of pro-brain natriuretic
peptide and alanine aminotransferase, and higher incidence of
coronary artery lesions than patients without splenomegaly
(n=7/21 versus 1/56, respectively, p=0.002, Table 2). When
ultrasonography was performed, splenomegaly was most com-
monly detected in patients complaining of abdominal pain with
vomiting (Table 2). Also, we compared our cohort of patients
with splenomegaly to all patients with Kawasaki disease instead of
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cKD (n=28) iKD (n=49) p-value
Age (months) 54.6+23.8 346+17.1 0.021*
Male:female (numbers) 13:15 32:17 0.892
Fever duration (days) 5.61+1.73 7.15+2.31 0.013*
Performance of USG (%) 36.4 63.6 0.012*
Causes of performing USG (numbers)
Abdominal pain 8 15 0.536
Vomiting 7 12 0.247
Abdominal pain with vomiting 6 10 0.029*
Elevated level of hepatic enzyme 6 9 0.668
Jaundice 1 3 0.093
Neutrophil (%) 57.72+14.38 71.27+15.47% 0.019*
Platelet (x10° /pl) 310.49+128.71 479.95 +98.72 0.013*
ESR (ml/h) 34.53+ 21.82 35.36+31.62 0.452
CRP (mg/L) 65.71+45.42 84.8+66.18 0.067
NT-ProBNP (pg/ml) 1441.80+1172.45 3654.54 £3218.73 0.008*
Na (mmol/L) 134.35+2.14 135.42+2.51 0.617
Albumin (g/dl) 3.4+0.31 3.3+0.27 0.992
AST (1U/L) 68.2+44.5 58.6+34.1 0.741
ALT (IU/L) 51.4+53.1 85.3+50.1 0.016*
CALs (numbers) 2 6 0.047*
Ectasia 1 3 <0.001
Small-size aneurysm 1 1 0.275
Medium-size aneurysm 0 1 0.037
Large-size aneurysm 0 1 0.037
GB hydrops 17 15 0.791
Splenomegaly 3 18 0.027*

AST =aspartate aminotransferase; ALT=alanine aminotransferase; CALs=coronary artery lesions; cKD=complete Kawasaki disease; CRP=C-reactive protein; ESR=erythrocyte
sedimentation rate; GB hydrops=gallbladder hydrops; iKD=incomplete Kawasaki disease; NT-ProBNP: N-terminal fragment of prohormone brain-type natriuretic peptide;
USG = ultrasonography; WBC = white blood cell. Data are shown as mean+SD. *p-value <0.05 was statistically significant

just the subset of patients with negative ultrasonography in spite
of the many differences in numbers. Similarly, there was no sta-
tistical difference in the clinical or laboratory findings except that
the subjects with splenomegaly belonged more to the incomplete
Kawasaki disease group than all patients with Kawasaki disease
including patients with negative ultrasonography (n=18/21
versus 126/375, respectively, p=0.017). This result was not shown
in the table. We found that the presence of splenomegaly was an
important predictor of incomplete Kawasaki disease (n=18/21
versus 31/56, respectively, p=0.003, Table 2) and also it was a
possible predictor of coronary artery lesions.

The initiation time of management from fever onset was descri-
bed in Table 1. The patients with splenomegaly had been treated
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later than those without splenomegaly. Because we studied the
patients who treated before submission of American Heart
Association guideline 2017, there was management with
methylprednisolone pulse therapy, which is no more a recom-
mended option now.

The main finding of this study is that gallbladder hydrops is not a
possible predictive factor of coronary artery lesions, but spleno-
megaly is a possible predictive factor, particularly in incomplete
Kawasaki disease patients. According to the authors, whether the
presence of sonographic splenomegaly in Kawasaki disease
patients has an influence on disease outcome, especially in
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Table 2. Clinical characteristics of Kawasaki disease patients with splenomegaly.
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Splenomegaly (+) Splenomegaly (-) p-value
Age (months) 31.7+12.4 61.5+24.8 0.006*
Total patients 21 56
cKD (numbers) 3 25 0.078
iKD (numbers) 18 31 0.003*
Male:female (numbers) 12:9 31:25 0.789
Fever duration (days) 7.12+1.93 5.65+2.13 0.021*
Conjunctival injection (%) 85.7 92.8 0.827
Oral mucosa change (%) 80.9 91.1 0.568
Cervical lymphadenopathy (%) 66.7 35.7 0.008*
Swelling or redness of extremities (%) 52.4 60.7 0.482
Polymorphous rash (%) 85.7 62.5 0.002*
Causes of performing USG
Abdominal pain 6 22 0.912
Vomiting 3 18 0.817
Abdominal pain with vomiting 9 2 0.021*
Elevated level of hepatic enzyme 2 11 0.389
Jaundice 1 3 0.428
WBC count (/pl) 13,120 +4520 14,120+5178 0.714
Neutrophil (%) 75.69 +15.87 52.12+15.43 0.007*
Platelet (><103/pl) 390.42£117.92 316.44£75.82 0.367
ESR (ml/h) 44.51+23.72 41.67+31.17 0.526
CRP (mg/L) 74.9+£36.4 64.8 £36.47 0.059
NT-ProBNP (pg/ml) 3431.82+£1088.44 1374.24+£2.173 0.007*
Na (mmol/L) 136.51+1.56 134.2+£3.25 0.429
Albumin (g/dl) 3.5+0.42 3.3+0.58 0.873
AST (IU/L) 53+44.7 56.8£43.75 0.623
ALT (IU/L) 81.6+34.5 54.6 +39.37 0.018
CALs (numbers) 7 1 0.002*
Ectasia 4 0 <0.001
Small-size aneurysm 1 1 0.002
Medium-size aneurysm 1 0 <0.001
Large-size aneurysm 1 0 <0.001
Treatment
Initiation of management from fever onset (days) Type of management 6.15+1.4 5.14+1.2 0.027*
One time of IVIG use 15 44 0.452
Second time of IVIG use 2 5 0.074
Methylprednisolone pulse 3 5 0.191
Infliximab use 1 2 0.861

iKD =incomplete Kawasaki disease; cKD =complete Kawasaki disease; USG = ultrasonography; WBC =white blood cell; ESR=erythrocyte sedimentation rate; CRP = C-reactive protein;
ProBNP: prohormone brain-type natriuretic peptide; AST = aspartate aminotransferase; ALT = alanine aminotransferase; CALs = coronary artery lesions; IVIG =intravenous immunoglobulin;
cKD = complete Kawasaki disease; CRP = C-reactive protein; ESR = erythrocyte sedimentation rate; iKD =incomplete Kawasaki disease; ProBNP: prohormone brain-type natriuretic peptide;
USG = ultrasonography; WBC = white blood cell. Data are shown as mean+SD. *p-value <0.05 was statistically significant
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coronary artery lesions, is an area of interest that has never been
explored. When ultrasonography was performed in Kawasaki
disease patients, splenomegaly was most commonly detected in
patients complaining of abdominal pain with vomiting, and
patients with splenomegaly were more frequently in the incom-
plete Kawasaki disease group and had longer fever duration and
higher incidence of coronary artery lesions than patients without
splenomegaly.

Kawasaki disease is an acute, febrile, multi-systemic vasculitis of
unknown aetiology, affecting mainly children <5 years of age."?
Despite a decrease in the number of children in the population
because of the low birth rate in South Korea, the incidence of
Kawasaki disease in children <5 years of age has shown a marked
increase and was estimated to have increased to 134.4 per 100,000
children <5 years of age in 2011 in South Korea.'" The aetiology of
Kawasaki disease is still not clear, and the reason for this increase
has not been completely identified. Although Kawasaki disease is
known to be self-limiting, coronary artery lesions such as coronary
artery aneurysm or ectasia can develop in 15-25% of untreated
Kawasaki disease patients. These complications can lead to myo-
cardial infarction, ischaemic heart disease, or sudden death.>'*'?
To reduce these sequelae, an accurate and timely diagnosis of
Kawasaki disease is critical because specific diagnostic tests or
pathognomonic clinical features are absent, and clinical diagnostic
criteria for Kawasaki disease might not all present on any given
day, and not all patients with Kawasaki disease present with all the
specific clinical features.>>"* In addition to the diagnostic criteria, a
broad range of non-specific clinical features such as extreme
irritability exceeding that observed in other febrile illnesses, aseptic
meningitis, transient unilateral peripheral facial nerve palsy, uveitis,
urethritis, arthralgia, arthritis, seizure, parotitis, severe lethargy,
semi-coma, cough, rhinorrhoea, and heart failure have also been
widely recognised.>>'* The common gastrointestinal findings
include hepatitis, diarrhoea, vomiting, abdominal pain, and gall-
bladder hydrops, with pancreatitis and jaundice presenting less
commonly.” Non-specific gastrointestinal complaints can be seen
in one-third of patients.”"> Abdominal complaints are frequently
encountered in the early acute stage of the disease; among them,
the only well-known abdominal ultrasonographic finding in
Kawasaki disease is gallbladder hydrops.®'® The association
between Kawasaki disease and gallbladder hydrops was reported as
early as the late 1970s and early 1980s in the form of isolated case
reports with an incidence rate of 5-14%.>'7 In our study, 41.6%
(32/77) of Kawasaki disease patients who underwent abdominal
ultrasonography had gallbladder hydrops. However, previous
research has pointed out the relatively self-limiting nature and
laboratory features of gallbladder hydrops in Kawasaki disease.’
Recently, a report found that sonographic gallbladder abnormal-
ities are associated with higher C-reactive protein, aspartate ami-
notransferase, neutrophil, and intravenous immunoglobulin
resistance in Kawasaki disease and can be used as a predictor of
intravenous immunoglobulin resistance in patients with Kawasaki
disease.” However, in this study, when we analysed subjects with
gallbladder hydrops, there was no statistical difference in the
clinical or laboratory findings or development of coronary artery
lesions except younger age, more frequent cervical lymphadeno-
pathy, and higher neutrophil percentage in the gallbladder hydrops
group than those without it. Similarly, we want to investigate
whether splenomegaly is a possible predictive factor of coronary
artery lesions in Kawasaki disease.

In particular, as we showed the follow-up of ultrasonography
before and after acute phase and when ultrasonography was
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repeated, there were no splenomegaly, no complaints of abdom-
inal pain or vomiting, and no abnormal findings of the level of
hepatic enzyme or bilirubin. We thought there is evidence that
splenomegaly is an acute symptom of Kawasaki disease. Although
this study showed a significant difference according to the pre-
sence of splenomegaly between the complete and incomplete
Kawasaki disease groups, however, it is unclear whether the
treatment method and diagnostic timing of Kawasaki disease have
an association with the development of splenomegaly. It could be
suggested that the severe inflammatory response which is evident
by longer fever duration, more frequent cervical lymphadeno-
pathy and polymorphous rash, higher neutrophil percentage,
higher N-terminal fragment of pro-brain natriuretic peptide and
alanine aminotransferase due to delayed diagnosis in the younger
patients with incomplete Kawasaki disease affect splenomegaly.
Also, according to the literature, changes in spleen size coincided
with clinical course,” but the mechanism of splenomegaly in
Kawasaki disease was not described.”® We thus hypothesised that
the development of splenomegaly in Kawasaki disease is related to
hemophagocytic lymphohistiocytosis, a rare systemic inflamma-
tory disorder characterised by uncontrolled generalised histiocytic
proliferation resulting in hemophagocytosis, macrophage activa-
tion, and up-regulation of inflammatory cytokines, which can
complicate the course of Kawasaki disease.'®'® Diagnostic criteria
for hemophagocytic lymphohistiocytosis include prolonged fever,
splenomegaly, cytopenia in two or more cell lines, hyper-
triglyceridemia or hypofibrinogenemia, and hemophagocytosis in
bone marrow, spleen, lymph nodes, or other organs.'™" Sec-
ondary hemophagocytic lymphohistiocytosis has been associated
with Kawasaki disease."®'® In most of the reported cases,
hemophagocytic lymphohistiocytosis develops long after treat-
ment or during a recurrent course of Kawasaki disease,”® how-
ever, one report showed it developed during the acute phase of
incomplete Kawasaki disease.'” There are no definite mechanisms
by which Kawasaki disease develops into or triggers. However,
like hemophagocytic lymphohistiocytosis, although the accurate
pathophysiology is still inconclusive, there are similar findings to
Kawasaki disease such as increased immune mediators like
interleukin-6, interleukin-8, interleukin-10, tumour necrosis fac-
tor-a, macrophage colony-stimulating factor, and interleukin-1p
and inflammatory mediators such as C-reactive protein and
matrix metalloproteinase and increased level of T-cell receptor
B-chain.>'®*'~%* Therefore, both diseases cause hypercytokinae-
mia and thereby have large overlaps in clinical symptoms.'®*°
When there are atypical findings for Kawasaki disease, such as
hepatosplenomegaly, hyperferritinaemia, and hypertriglycer-
idaemia, clinicians should be suspicious of possible hemophago-
cytic lymphohistiocytosis in Kawasaki disease patients.'®
According to our results, we reasoned that Kawasaki disease
patients with splenomegaly might experience a mild form
of hemophagocytic lymphohistiocytosis during the acute phase of
Kawasaki disease, although we did not present enough concrete
evidence supporting our hypothesis such as hyperferritinaemia or
hypertriglyceridaemia in our study group. This hypothesis will be
evident by future prospective multi-centre collaborative study.

There were several limitations to this study. This study had a
retrospective design and the work was the result of one centre’s
experience; therefore, the number of patients was low. These
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results do not reflect nationwide incidence and do not generalise
the relationship with coronary artery lesions and splenomegaly in
Kawasaki disease. Not all Kawasaki disease patients underwent
ultrasonography; only selected patients with abdominal pain and/
or vomiting, elevated hepatic enzymes, or mild jaundice under-
went ultrasonography. This selection bias of the subjects also may
lead to a different outcome. The prevalence of splenomegaly and
coronary artery lesions in patients with Kawasaki disease without
the aforementioned symptoms should be analysed as well by
further prospective study. Moreover, to identify splenomegaly as a
predictive factor of coronary artery lesions, multivariate analysis
in larger cohort is really needed, because many factors such as
age, the type of Kawasaki disease, and the duration of fever can
interfere with the association between splenomegaly and coronary
artery lesions. Since this study is a retrospective study, we could
only assess associations between variables and not determine
causality based on this study. Therefore, we could not determine
the presence of splenomegaly as the predictive factor for coronary
artery lesions. We could not perform specific laboratory tests such
as measurement of interleukin-6, -8, and -10 levels. Among the
patients, there were no confirmed cases of hemophagocytic
lymphohistiocytosis during or after treatment for Kawasaki dis-
ease. Also, it will be interesting to investigate the features of the
immune response in patients with splenomegaly in the future
prospective study. Nevertheless, it would be worthwhile to first
reveal the relationship of splenomegaly and coronary artery
lesions in Kawasaki disease patients.

Gallbladder hydrops in Kawasaki disease patients is not related to
the development of coronary artery lesions. However, to the best
of our knowledge, the association between the presence of
sonographic splenomegaly and the development of coronary
artery lesions in Kawasaki disease has never been reported.
Kawasaki disease patients with splenomegaly belonged mainly to
the incomplete type, and they correlated to the development of
coronary artery lesions. Splenomegaly may be a possible pre-
dictive factor of coronary artery lesions in Kawasaki disease.

None.
This work not supported by any grant.
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