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A B S T R A C T

Background: Kawasaki disease (KD) is the most common acquired heart disease in children of the developed
world, and triggers progressive coronary artery lesions (CAL) in 30% of cases if left untreated. Despite standard
anti-inflammatory treatment for KD, CAL (dilation or aneurysm) still occurs in 5–10% of children, increasing
their risk for fatal coronary artery complications. CAL is mediated by enhanced matrix metalloproteinase activity
and elastin breakdown induced by the inflammatory process in the coronary artery wall. Doxycycline is an
effective inhibitor of matrix metalloproteinases, and has been shown to reduce elastin breakdown and CAL in a
mouse model of KD, but has not been evaluated in patients.
Objective: We aim to evaluate the efficacy of doxycycline in the prevention of CAL in children during the acute
phase of KD.
Design: This is a phase II prospective, randomized, double-blinded, clinical trial in two steps. In Step 1, any child
older than 1 month with the diagnosis of KD will be included. Children with KD will be included in Step 2 if they
develop coronary artery dilation (z-score ≥ 2.5) within 20 days from the onset of fever. Study subjects in Step 2
will be randomized to receive a 3-week course of doxycycline or placebo.
Evaluation: The efficacy of a 3-week doxycycline course during the acute phase of KD will be evaluated by
measuring the decline in coronary artery z-scores from baseline with doxycycline treatment compared to pla-
cebo.
Clinical trial registration: This study was registered on clinicaltrials.gov (NCT01917721).

1. Introduction

Kawasaki disease (KD) is a multisystem vasculitis that affects the
coronary arteries of young children [1]. It is the leading cause of ac-
quired heart disease in children in the developed world [2]. Even
though the systemic inflammation in KD will resolve without any
treatment, the associated vasculitis may result in irreversible damage of
the coronary arteries, which can lead to the major sequel of KD: cor-
onary artery dilation or aneurysm [4,5]. In the absence of treatment,
about 25–30% of children with KD will develop irreversible coronary
artery dilation or small aneurysm [6]. Even following current standard

therapeutic guidelines with standard intravenous gamma globulin
(IVIG) treatment, about 30% of children may have transient coronary
artery dilation, and 5–10% of children may still develops permanent
coronary artery lesions including aneurysms [7]. Dilated coronary ar-
teries and coronary aneurysms increase the short-term risk of throm-
bosis, myocardial infarction and may even lead to death. Permanent
coronary arterial wall damage can also contribute to long-term com-
plications, such as coronary artery stenosis and ischemic heart disease
[4,5,8,9].

Coronary artery lesions (CAL), meaning dilation or aneurysm, are
the result of inflammation and secondary destruction of the coronary
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vessel wall [10]. In KD, the immune system, triggered by a so far un-
known extrinsic factor, induces inflammation of the coronary arteries,
macrophage and lymphocyte activation [11,12], and degradation of
certain extracellular matrix elements, such as elastin, collagen and la-
minin [13]. These extracellular matrix elements are targets of matrix
metalloproteinases (MMPs), which have increased activity in the cor-
onary arteries and blood during the acute phase of KD [14,15,16]. The
degree of MMP-9 activity in the coronary arteries correlates with the
development of CAL in a mouse model of KD [17], and there is evidence
that circulating pro-MMP-9 and MMP-9 levels [16,18,19] are increased
during the acute phase of KD in children, correlating with the degree of
inflammation and the occurrence of CAL. In summary, MMPs may
trigger the degradation of elastin and other matrix elements, and could
play an important role in the development of CAL in the acute phase of
KD.

Among the known inhibitors of MMPs, doxycycline has been studied
extensively due to its long established use and safety [20]. Doxycycline
has been shown to block MMP activity [21], decrease elastin break-
down in aortic aneurysms [22], and inhibit progressive vessel dilation
by inhibiting proteolysis [23]. In vivo administration of doxycycline to
mice with a model of KD reduces degradation of elastin, and prevents
coronary artery dilation [24]. However, the efficacy of doxycycline in
preventing CAL has not yet been evaluated in children with KD.

We propose a prospective, randomized, placebo-controlled, double-
blind phase II clinical trial to assess the efficacy of a 3-week doxycycline
treatment in the prevention of progressive dilation of the coronary ar-
teries in children during the acute phase of KD.

2. Rationale and objective

There is no specific therapy available to prevent the progression of
coronary artery dilation or aneurysm formation in children with KD.
Doxycycline is presently not used in children with KD, in part due to the
paucity of appropriate clinical studies of efficacy. Based on the in vitro
and in vivo evidence, MMP inhibition by doxycycline may reduce the
degradation of elastin and prevent progression of CAL during the acute
inflammatory phase of KD. The primary objective of the study is to
evaluate the efficacy of doxycycline in preventing the progressive di-
lation of coronary arteries during the acute phase of KD in children.

3. Methods

3.1. Study design

This is a Phase II prospective randomized placebo-controlled
double-blinded clinical trial conducted in children ages 1 month to
18 years. There will be two steps of enrollment in the trial: all children
with KD will be eligible to be enrolled in Step 1, and children with KD
and coronary artery dilation will be eligible to be enrolled in Step 2.
Only study subjects in Step 2 (i.e. children with KD and coronary artery
dilation) will receive the proposed intervention: doxycycline or placebo
(Fig. 1).

3.2. Study population

The study population will consist of children, ages 1 month to
18 years, hospitalized with the diagnosis of acute KD. Regardless of
gender and ethnic background, every child will be included in Step 1 of
the study if they meet the inclusion criterion for the diagnosis of KD. All
study subjects will have an echocardiogram as part of the standard KD
diagnostic protocol, as per international guidelines [8]. Study subjects
will be stratified depending on their echocardiogram results: study
subjects lacking clearly enlarged coronary arteries (coronary artery
diameter z-scores < 2.5) will participate only in Step 1, and study
subjects with the presence of coronary artery dilation or aneurysm (i.e.,
coronary artery diameter z-score ≥ 2.5 during the first 3 weeks of the

illness from the onset of fever) will participate in Step 1 and be eligible
to participate in Step 2 part of the study. Study subjects in Step 2
(children with KD and coronary artery dilation) will be assigned to one
of the two treatment arms: doxycycline treatment or placebo treatment
(Fig. 1). The assignment will follow a predetermined randomization
key. Since gender may influence the outcome, we will randomize pa-
tients stratified by gender. The clinicians, caregivers and collaborators
except pharmacists will be blinded to the treatment. The complete list
of inclusion and exclusion criteria is listed in Table 1.

Based on our previous experience, the vast majority of patients will
be between 6 months and 5 years of age. Since KD is more prevalent in
children of Asian descent, we will expect to see more children enrolled
with Asian ethnicity.

3.3. Study interventions

Study subjects in Step 2 (i.e. children with KD and coronary artery
dilation) will be randomized into two arms: treatment arm and placebo
arm. The treatment arm will receive doxycycline treatment as an in-
tervention, the placebo arm will receive placebo. All other diagnostic
and therapeutic procedures are intended to be the same for the two
arms. The randomization assignment will follow a predetermined block
randomization key. The randomization key will be only available to the
study pharmacist, all other participants will be blinded. To prevent
potential randomization imbalances arising from gender distribution or
age in the randomized arms, we will use stratified randomization
method by gender and age separating study subjects below and above
1 year of age. In addition, the final statistical analysis will consider and
address possible imbalances in the randomized arms given the rather
small number of subjects participating in this pilot study.

3.4. Intervention: doxycycline treatment

Study subjects in the drug treatment arm will be administered
doxycycline for three weeks. The doxycycline treatment will be in-
itiated as soon as the patient fulfills the inclusion criteria: documented
coronary artery dilation detected by echocardiogram. The initiation of
study drug therefore will almost always fall into the first few days of
hospitalization for KD, because CAL occur during the acute phase of KD,
most likely within the first 2 weeks from the onset of fever. We de-
termined the 3 week duration of doxycycline treatment based on the
timing of acute inflammation in KD and the safety profile of doxycy-
cline. Subjects will receive the previously established standard anti-
infective pediatric doxycycline treatment dose of 4.4 mg/kg/day di-
vided twice a day [20]. Study subjects will have a physical examination
and standard laboratory testing as part of their hospitalization for KD.
Patients with a known allergy to sulfa drugs or tetracycline or a history
of renal dysfunction (indicated by elevated creatinine level) will be
excluded from the study. As> 45% of patients with acute KD have
transient elevation in liver function tests, we will exclude only those
with bilirubin, transaminase or GGT over five times the upper limit of
normative age appropriate values. Doxycycline will be administered in
solution format. Parents and study subjects will be educated about the
potential side effects of the study drugs (doxycycline). In case of any
adverse reaction or side effect related to the study drugs (doxycycline),
the study drug will be discontinued, the study subject will be evaluated
in a timely manner and potential adverse effects will be addressed and
treated by appropriate medical professionals. If any evidence of liver or
kidney dysfunction (evidenced by elevated liver enzymes or serum
creatinine as mentioned above) or an allergic reaction emerges, study
drug will be stopped immediately.

3.5. Intervention: placebo administration

In the control arm of the study, placebo will be administered. The
timing, amount and duration of placebo administration will be exactly
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