2572-0775

Clinical Pediatrics: Open Access

Effectivity of Pretreatment in Kawasaki Disease
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ABSTRACT

Background: This study aimed to determine the effect of glycerin enema as a pretreatment before starting treatment
of Kawasaki disease (KD). We investigated differences in the duration of fever and the coronary arterial maximum
Z score in patients with KD.

Methods: This single-center, cohort study had a target population including 181 consecutive patients who were
diagnosed with KD between 2017 and 2019 in our institution. The control group (n=86) was treated with the usual
treatment (intravenous immunoglobulin) for KD from January 2017 to October 2018. Eighty-six patients with KD
in the pretreatment group were also treated with the usual treatment from November 2018 to November 2019.
Pretreatment was also performed by glycerin enema (2 ml/kg/dose) before initiation of intravenous immunoglobulin
therapy.

Results: The median duration of fever (95% confidence interval [CI]) in the control and pretreatment groups
was 43.5 (30-53) and 22.0 (19-38) hours, respectively. The difference in duration of fever between the groups
was largest within the first 100 hours (Peto-Peto Wilcoxon test, p=0.008 After 4 weeks of treatment, the mean
maximum Z score in the pretreatment group (—0.35 * 0.65) was significantly lower than that in the control group

(=0.04 £ 0.95; 95% CI 0.061-0.553, p=0.015).

Conclusions: An enema is an effective treatment method in the acute phase of KD. We recommend this pretreatment
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by enema because this treatment also has a low cost.
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INTRODUCTION

Kawasaki disease (KD) is an acute vasculitis in young children
and causes coronary artery abnormalities, such as coronary artery
aneurysm or ectasia. KD is the leading cause of acquired heart
disease in children in developed countries [1,2]. Intravenous
immunoglobulin (IVIG) administered in the acute phase can
reduce the incidence of coronary artery abnormalities [3,4].

However, approximately 20% of patients with KD develop persistent
or recrudescent fever after standard therapy with IVIG and aspirin
[5]. Randomized, clinical trials of prednisolone, infliximab, and
cyclosporin have suggested the efficacy of combined treatment with
IVIG for KD [6-8]. Although various treatment options have been
available in the past 50 years [6-10], development of coronary artery
abnormalities, which are serious and sometimes life-threatening
complications, has not been completely eradicated [11,12].

The etiology and pathogenesis of KD remain unknown. In the
early and acute stages of KD, an antigen-driven immune response
might occur owing to an etiological agent with a respiratory or
gastrointestinal portal of entry and it is integral to pathogenesis
of this illness [13]. In the early stage of KD, if the KD-causative
antigen remains at the entrance of the intestinal tract, such as the
colon, removing the antigen contained in the feces before entering
the body might result in a weakened immune response.

To examine the effect of pretreatment, we investigated differences
in the duration of fever and the coronary arterial maximum Z score
between control and pretreatment groups in patients with KD.

PATIENTS AND METHODS

Study design and population

This single-center, cohort study had a target population including
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181 consecutive patients who were diagnosed with KD between
2017 and 2019 in our institution. Between January 2017 and
October 2018, patients were treated with the usual treatment for
KD (control group). Between November 2018 to November 2019,
patients were treated with the usual treatment of KD, as well as by
pretreatment (pretreatment group).

Inclusion criteria were children with a diagnosis of KD who were
treated with IVIG and aspirin. Exclusion criteria were patients who
had the symptom of diarrhea, those who received surgery because
of severe complications of KD, and those who received plasma
exchange therapy because of unresponsive medical treatment of
KD. A total of 86 patients in the control group and 86 patients in
the pretreatment group were enrolled (Figure 1).

This study was approved by the NTT EAST Medical Center Sapporo
Ethics Committee (Reference no. 18-01260). The parents provided
written informed consent for retrospective use of the patients’
clinical data from November 2018. Anonymous retrospective
clinical data before October 2018 were obtained by opting out on

the homepage of NTT EAST Medical Center Sapporo.
Treatment of KD and pretreatment

All patients received aspirin 30 mg/kg/day and IVIG 2 g/kg for
24 hours. An additional dose of IVIG 2 g/kg or infliximab (IFX)
5 mg/kg for 2 hours was administered to patients who were non-
responders (defined as a body temperature > 37.5°C at 48 hours
after initiation of primary therapy). We administered a third or
more doses of IVIG and/or cyclosporin 5 mg/kg to patients who
did not respond to the second or further therapies.

Pretreatment was performed by glycerin enema with a 2 ml/kg/dose
before initiation of IVIG therapy to patients in the pretreatment
group from November 2018 to November 2019. These patients
had defecation in response to the enema.

Outcome

The primary endpoint was the duration of fever until defervescence
after initiation of treatment with and without pretreatment. Fever
was defined as a body temperature of > 37.5°C and defervescence
was defined as a lowering of body temperature to <37.5°C for
> 48 hours from starting IVIG administration. Axillary body
temperature was measured every 3 hours until defervescence, and
then once a day until day 10.

The secondary endpoint was the maximum Z score of the coronary
artery as measured by echocardiography at 4 weeks after onset of
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KD. The maximum Z score was defined by the largest Z score in
the following four segments of the coronary artery: proximal right
coronary artery, left main coronary artery, proximal left anterior
descending artery, and left circumflex artery. The Z score of the
coronary artery was normalized toy the body surface area and
calculated using an LMS4 calculator [14,15].

Statistical analysis

Parametric and non-parametric variables are shown as the mean *
SD and the median and interquartile range, respectively. Significant
differences in the patients’ profile between the groups with and
without pretreatment were assessed using Student’s ttest or the
Mann-Whitney U test. Categorical variables are shown as n (%)
and were assessed using Fisher’s exact test. The duration of fever
from initiating IVIG is shown using the Kaplan-Meier method,
and significance between the two groups was assessed using the
Peto-Peto Wilcoxon test. The differences in the maximum Z score
of the coronary artery at baseline and 4 weeks were assessed using
Student’s ttest. A two-tailed p<0.05 was considered significant.
Statistical analyses were performed using EZR (Saitama Medical
Center, Jichi Medical University, Saitama, Japan), which is a
graphical user interface for R (The R Foundation for Statistical
Computing, Vienna, Austria) [16].

RESULTS

Patients’ characteristics

The patients’ characteristics, including age, sex, maximum
C-reactive protein value, Kobayashi score, Kobayashi score > 5,
baseline maximum Z score, number of baseline coronary artery
dilatations (maximum Z score > 2.0), and IVIG initiation day
were not different between the control and pretreatment groups.
There was also no difference in the total number of treatment
methods between the two groups (Table 1). In the control group,
68 (79%) patients received IVIG treatment once, 10 (12%) patients
received IVIG treatment twice, 7 (8%) patients received IVIG three
times or IVIG and IFX twice, and 1 (1%) patient received IVIG
and cyclosporin four times. In the pretreatment group, 78 (85%)
patients received IVIG treatment once, 11 (13%) patients received
IVIG twice or IVIG and IFX, and 2 (2%) patients received IVIG
and IFX twice (Table 2).

No side effects or adverse events due to enema as pretreatment
were observed.

181 patients with Kawasaki disease

89 patients treated with usual treatment
from Jan 2017 to Oct 2018

92 patients treated with pretreatment and
usual treatment from Nov 2018 to Nov 2019

4-{ 2 patients had diarrhea

one patient received surgery due
to duodenal perforation.

—-| 4 patients had diarrhea

—-| 2 patients received plasmapheresis

86 patients of control group

86 patients of pretreatment group

Figure 1: Flow chart of patient enrollment.
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Table 1: Patient profile.

Control Pretreatment
n=86 n=86 p value

Age, years 24+ 1.7 28+24 0.291
Male:female 55:31 45:41 0.164
Maximum CRP, mg/L 71.7 £46.3 73.0 £ 51.0 0.523
Kobayashi score 2(1-4) 2(1-4) 0.706
Patients of Kobayashi score = 4 15 (17%) 16 (19%) 1
Baseline maximum Z score 1.40 £ 1.53 1.67 + 1.32 0.214
Baseline coronary artery dilatation 29 (34%) 40 (47%) 0.119
IVIG initiated day 47+13 48+18 0.605
Total number of treatments 0.253

1 68 73

2 10 11

3 2

4 0 0

5 0

Note: Parametric and non-parametric variables are given as the mean + SD and the median and interquartile range (IQR), respectively. Note: CRP,
C-reactive protein, IVIG, intravenous immunoglobulin

Table 2: Varieties of treatment methods.

Control Pretreatment
Treatment methods =86 =86

IVIG 68 73
IVIGx 2 10 11
IVIG +IFX 0 1
IVIGx 3 3 0
IVIGx 2 + IFX 5 2
IVIG x 4 + CsA 1 0

Note: IVIG, Intravenous immunoglobulin; IFX, Infliximab; CsA, Cyclosporin.
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Figure 2: Duration of fever in the control and pretreatment groups.

A Kaplan-Meier plot of the duration of fever after initiating IVIG therapy showed that defervescence was achieved earlier in the pretreatment group than

in the control group (Peto-Peto Wilcoxon test, p=0.008).

Duration of fever

The Kaplan-Meier plot of the duration of fever after initiating
IVIG therapy showed that defervescence was achieved earlier with
the pretreatment group than in the control group. The median
duration of fever (95% confidence interval [CI]) in the control and
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pretreatment groups was 43.5 (30-53) and 22.0 (19-38) hours,
respectively. The difference in duration of fever between the two
groups was largest within the first 100 hours (Peto-Peto Wilcoxon
test, p=0.008) (Figure 2). The effect of shortening the duration of
fever was clearly recognized in the early stage (within 100 hours),
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Figure 3: Maximum Z score at baseline and 4 weeks in the control and pretreatment groups.

The baseline maximum Z score in the control and pretreatment groups was not significantly different between the two groups. The maximum Z score in
the pretreatment group was significantly lower than that in the control 4 weeks after the onset of KD (p=0.015).

especially after the start of IVIG therapy. After 150 hours from the
start of the treatment, pretreatment had no effect on shortening
the duration of fever.

Coronary artery outcome

There was no significant difference in the baseline maximum Z
score between the control and pretreatment groups. After 4 weeks
of treatment, the maximum Z score was significantly lower in the
pretreatment group than in the control group (95% CI 0.061-
0.553, p=0.015) (Figure 3). Therefore, a coronary artery protective
effect was observed in the pretreatment group.

DISCUSSION

We found that the duration of fever was shorter in the pretreatment
group than in the control group. This finding suggested that the
immune response due to KD-specific antigen invasion in the
intestinal tract occurred in the early phase of KD. Invasion of
the immune-reactive antigen may have already been completed in
patients after 150 hours from the start of treatment. We also found
a coronary artery protective effect in the pretreatment group. This
finding suggested that the enema decreased the antigen invasion
into blood vessels owing to defecation and weakened the immune
reaction in the intestinal tract.

Microbiota theory

Many studies [17] have shown that the composition of the gut
microbiota in patients with KD differs from healthy subjects. The
immune system might lose tolerance toward part of the resident
intestinal flora and environmental factors (i.e., a Western lifestyle
or improved public hygiene systems) could transform commensal
flora into pathogenic flora, as observed in different gastrointestinal
disorders. In the throat flora, there is no difference between patients
with KD and febrile controls, even in the mean mitogenic activity
of isolated bacteria [18]. However, the range of bacterial species
that are isolated from jejunal biopsies are characterized by a wider
variety of Gram-positive cocci in the acute phase of KD. Notably,
five types of streptococci (Streptococcus salivarius, Streptococcus mitis,
Streptococcus oralis, Streptococcus sangius, and Gemella haemolysans) and
two types of staphylococci (Staphylococcus capitis and Staphylococcus
hyicus) have been isolated only from patients with KD [19].

The presence of Eubacterium and Peptostreptococcus species is
significantly higher in patients with KD than in those with other
febrile diseases, but no significant differences in these species have
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been observed between patients with KD and healthy children
[20]. Using metagenomic analysis with non-culture-based methods
on feces, a high presence of Streptococcus species, including
Streptococcus pneumoniae, pseudopneumoniae, mitis, oralis, gordonii, and
sanguinis, was detected in the fecal samples of patients with KD on
admission [21]. Temporary removal of abnormal gut microbiota
or intestinal flora by enema may indirectly mitigate exacerbation

of KD.

Intestinal barrier dysfunction and abnormal permeability
theory

A murine model of KD provided a mechanistic link [22] with acute
KD vasculitis and intestinal barrier dysfunction and abnormal
permeability. KD wvasculitis is characterized by increased gut
permeability with leakage of secretory IgA and IgA-C3 immune
complex deposition in cardiovascular lesions, which promotes
further vascular inflammation. An enema appears to remove some
secretory IgA and IgA-C3 immune complexes.

Innate immune disorder theory

Hara [23,24] suggested that KD is not an infectious disease, but
an innate immune disorder. He proposes that KD results from
exposure of a genetically predisposed individual to innate immune
pathogen-associated molecular patterns from microbes growing
under biofilm-like conditions, as well as microbe-associated
molecular patterns.

Elevated serum transaminase and total bilirubin levels are often
found in KD, and these correlate with the severity of KD or IVIG
non-responses [25-27]. Blood flow from the intestine reaches
the liver via the portal vein. Toxins that enter the intestine are
detoxified in the liver. Elevated transaminase and bilirubin levels
in patients with KD may reflect detoxification in the liver from
intestinal, invasive, KD-specific toxins. Blood flow from the rectum
directly enters the systemic circulation without going through the
portal vein. If a KD-specific antigen invades the rectum, it enters
the systemic circulation directly without detoxification in the liver.
Early elimination of feces containing KD-specific antigens may be
useful in reducing the condition of KD.

The usefulness of an enema could be explained by the three
theories of KD mentioned above. An enema has no adverse events,
is low cost, and is a simple procedure. We consider that an enema
is an excellent pretreatment for treatment of KD.
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CONCLUSION

An enema appears to be an effective treatment method in the
acute phase of KD. Because this treatment is low cost, enema
pretreatment for KD should be universally performed.

ACKNOWLEDGEMENTS
We thank Ellen Knapp, PhD, from Edanz Group (https://en-

author-services.edanzgroup.com/ac) for editing a draft of this
manuscript.

CONTRIBUTORS’ STATEMENT

Dr. Shigeto Fuse conceptualized and designed the study, drafted
the initial manuscript, and reviewed and revised the manuscript.
All authors approved the final manuscript as submitted and agree
to be accountable for all aspects of the work.

SOURCES OF FUNDING

This research received no grant from any funding agency in the
public, commerecial, or notfor-profit sectors.

DECLARATION OF CONFLICTING INTEREST

The author(s) declared no potential conflicts of interest with respect
to the research, authorship and/or publication of this article.

REFERENCES

1. Kato H, Koike S, Yamamoto M, Ito Y, Yano E. Coronary aneurysms in
infants and young children with acute febrile mucocutaneous lymph

node syndrome. ] Pediatr. 1975;86:892-898.

2. Brogan P, Burns JC, Cornish J, Diwakar V, Eleftheriou D, Gordon B,
et al. Lifetime cardiovascular management of patients with previous

Kawasaki disease. Heart. 2020;106:411-420.
3. Furusho K, Sato K, Soeda T, Matsumoto H, Okabe T, Hirota T, et al.

High-dose intravenous gammaglobulin for Kawasaki disease. Lancet.

1984; 2:1055-1058.
4. Newburger JW, Takahashi M, Burns JC, Beiser AS, Chung KJ, Duffy

CE, et al. The treatment of Kawasaki syndrome with intravenous

gamma globulin. N Engl ] Med. 1986;315:341-347.

5. Makino N, Nakamura Y, Yashiro M, Ae R, Tsuboi S, Aoyama Y, et
al. Descriptive epidemiology of Kawasaki disease in Japan, 2011-
2012; from the results of the 22nd nationwide survey. ] Epidemiol.
2015;25:239-245.

6. Kobayashi T, Saji T, Otani T, Takeuchi K, Nakamura T, Arakawa H,
et al. Efficacy of immunoglobulin plus prednisolone for prevention
of coronary artery abnormalities in severe Kawasaki disease (RAISE

study): A randomised, open-abel, blinded-endpoints trial. Lancet.
2012;379:1613-1620.

7. Tremoulet AH, Jain S, Jaggi P, Jimenez-Fernandez S, Pancheri JM, Sun
X, et al. Infliximab for intensification of primary therapy for Kawasaki
disease: A phase 3 randomised, double-blind, placebo-controlled trial.
Lancet. 2014;383:1731-1738.

8. Hamada H, Suzuki H, Onouchi Y, Ebata R, Terai M, Fuse S, et al.
Efficacy of primary treatment with immunoglobulin plus ciclosporin
for prevention of coronary artery abnormalities in patients with Kawasaki
disease predicted to be at increased risk of non-response to intravenous
immunoglobulin  (KAICA): A randomised controlled, open-abel,
blinded-endpoints, phase 3 trial. Lancet. 2019;393:1128-1137.

9. Burns JC, Capparelli EV, Brown JA, Newburger JW, Glode MP.
Intravenous gamma-globulin treatment and retreatment in Kawasaki
disease. US/Canadian Kawasaki Syndrome Study Group. Pediatr
Infect Dis J. 1998;17:1144-1148.

Clin Pediatr, Vol. 6 Iss. 1 No: 170

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

21.

OPEN aACCESS Freely available online

Newburger JW, Sleeper LA, McCrindle BW, Minich LLA, Gersony W,
Vetter VL, et al. Randomized trial of pulsed corticosteroid therapy for
primary treatment of Kawasaki disease. N Engl ] Med. 2007;356:663-
675.

McCrindle BW, Rowley AH, Newburger JC, Burns JC, Bolger AF,
Gewitz M, et al. Diagnosis, treatment, and long-term management of

Kawasaki disease: A scientific statement for health professionals from
the American Heart Association. Circulation. 2017;135: €927-¢999.

Saji T, Ayusawa M, Miura M, Kobayashi T, Suzuki H, Mori M, et al.
Guidelines for medical treatment of Kawasaki disease: Report of the

research committee of the Japanese society of pediatric cardiology and
cardiac surgery (2012 revised version). Pediatr Int. 2014;56:135-158.

Rowley AH, Eckerley CA, Jick H-M, Shulman ST, Baker SC. IgA
plasma cells in Vascular tissue of patients with Kawasaki syndrome. ]

Immunol. 1997;159:5946-5955.
Kobayashi T, Fuse S, Sakamoto N, Mikami M, Ogawa S, Hamaoka K,

et al. A new Z score curve of the coronary arterial internal diameter
using the Lamda-Mu-Sigma method in a pediatric population. ] Am

Soc Echocardiogr. 2016;29:794-801.e29.
https://kwsd.info/

Kanda Y. Investigation of the free available easy-to-use software ‘EZR’
for medical statistics. Bone Marrow Transplant. 2013;48:452-458.

Lee KY, Han JW, Lee JS. Kawasaki disease may be a hyperimmune
reaction of genetically susceptible children to variants of normal

environmental flora. Med Hypotheses. 2007;69:642-651.

Horita N, Yokota S, Fuse S, Takamuro M, Tomita H, Sato K, et al.
The throat flora and its mitogenic activity in patients with Kawasaki

disease. Microbiol Immunol. 2004;48:899-903.

Yamashiro Y, Nagata S, Ohtsuka Y, Oguchi S, Shimizu T.
Microbiologic studies on the small intestine in Kawasaki disease.

Pediatr Res. 1996;39:622-624.

Takeshita S, Kobayashi I, Kawamura Y, Tokutomi T, Sekine I.
Characteristic role of intestinal microflora in Kawasaki disease. Acta

Pediatr. 2001;91:783-788.
Kinumaki A, Sekizuka T, Hamada H, Kato K, Yamashita A, Kuroda

M. Characterization of the gut microbiota of Kawasaki disease patients
by metagenomic analysis. Front Microbiol. 2015; 6:824.

Rivas MN, Wakita D, Franklin MK, Carvalho TT, Abolhesn A, Gome:z
AC, et al. Intestinal permebility and IgA provoke immune vasculitis
linked to cardiovascular inflammation. Immunity. 2019;51:508-521.

Kusuda T, Nakashima Y, Murata K, Kanno S , Nishio H, Saito M,
et al. Kawasaki disease-specific molecules in the sera are linked to
microbe-associated molecular patterns in the biofilms. PLOS ONE.
2014;9: e113054.

Hara T, Nakashima Y, Sakai Y, Nishio H, Motomura Y, Yamasaki
S. Kawasaki disease: a matter of innate immunity. Clin Experiment

Immunol. 2016;186:134-143.
Kobayashi T, Inoue Y, Takeuchi K, Okada Y, Tamura K, Tomomasa

T, et al. Prediction of intravenous immunoglobulin unresponsiveness

in patients with Kawasaki disease. Circulation. 2006;113:2606-2612.
Egami K, Muta H, Ishii M, Suda K, Sugahara Y, Iemura M, et al.

Prediction of resistance to intravenous immunoglobulin treatment in

patients with Kawasaki disease. ] Pediatr. 2006;149:237-240.

Sano T, Kurotobi S, Matsuzaki K, Yamamoto T, Maki I, Miki K, et
al. Prediction of non-responsiveness to standard high-dose gamma-
globulin therapy in patients with acute kawasaki disease before starting

initial treatment. Eur ] Pediatr 2007;166:131-137.



